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PREFACE 


Changes in the metliods of chemical analysis, both major modifications and precise 
refinements, have been manifold during the twenty-five years since publication of 
the Fifth Edition of STANDARD METHODS OF CHEMICAL ANALYSIS. As 
a result of the development of new analytical techniques, as well as an expanding 
interest in tlie variety of materials subject to examination, analysis and analysts 
have recognized— and continue to stress— the necessity for comprehending the essen- 
tial importance of substances considered insignificant only a few decades ago. 

The preparation of a Sixth Edition of STANDARD METHODS OF CHEMICAL 
ANALYSIS was inevitable if the work tvere to maintain its utilitarian function in 
the onrush of contemporary change. Volurtrc II, consequently, has undergone con- 
siderable expansion in content, evidenced by its physical sizc-approximatcly tteice 
that of the Fifth Edition. Despite the changes in treatment and content, tlie purpose 
of this volume remains identical to that expressed in the hirst Edition. As an 
explanation of tlie aim of the present volume, we quote from the original Preface: 

"This book is a compilation of carefully selected methods of technical analysis that 
have proven of practical t'aluc to the profc.ssional chemist. The subjects have been 
presented witli sufficient detail to enable one witli an elementary knowledge of 
analytical processes to follow the directions; on the other hand, lengthy exposition, 
theoretical dissertation, and experimental data are purposely avoided, in order to 
include a large amount of information in a compact, accessible form. References 
to original papers are given when deemed advisable,” j\ 

The organization of. die. Sixth Edition is similar to that of the F^J-th, but an exten- 
sive new part. Apparatus, General Operations, and Reagents, has been added. This 
consists of sixteen chapters, of which the follow'ing thirteen are new: Standard Lab- 
oratory Apparatus; Detection of the Cations and Anions; Mechanical Separation; 
Separation by Precipitation; Separation by Electrolysis; Solvent Extraction; Separa- 
tions by Distillation and Evaporation ; Qhrornatography ; Ion Exchange Methods in 
Analysis; Final Gravimetric Treatment;^Acid-Base Titrations in Nonaqtieous Sol- 
vents; Statistical Interpretations; and QiiantUative OrgaiiicCAnalysis. 

In Part II, Special Techniques for Industrial Products and Other Special Sub- 
stances, ten new chapters have been added: Air Pollutants; Amino Acid Analysis of 
Protein Hydrolyzates; Chemical Analysis in Clinical Medicine; Fertilizers; Gas Anal- 
ysis-Vacuum Techniques; Pesticides; Plastics; Silicates: Glasses, Rocks, and Ferrous 
Slags; Soils; and Vitamins. 


Almost without exception, chapters that appeared in the Fifth Edition have been 
completely rewritten. Of the fifty chapters appearing in this edition, only four have 
the same authors as previously. In diose instances where chapters appearing in the 
Fifth Edition have been prepared for the Sixth Edition by different authors, they 
have been rewritten and not merely revised. 

The editor has received much useful assistance from many sources, and ivishes to 
express his ^atitude here as well as later in the text. Special mention should be 
made of Professor N. Howell Furman, editor of the Fifth Edition, and Volume I of 
the Sixth Edition. As advisory editor of Volume II. he prepared the outline used in 
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organizing the text, gave valuable assistance in securing contributors for tlie many 
chapters, and made many helpful suggestions and criticisms. 

The editor wishes to acknowledge also the valuable assistance given by Dean Virgil 
Hunt of the Indianapolis Regional Campus of Indiana University in making avail- 
able the many facilities of bis department to aid the completion of this book. 
Furthermore, a number of people have rendered invaluable aid in typing portions 
of the manuscript, attending to correspondence, proofreading, and preparing the 
Index. These are; Janet Boling, Patricia Van Noy, Oka Negley, Ruth Moody, and 
Judy Call. 

Permission to reproduce material from many books and journals has been very 
generously granted by the following: Prentice-Hall, Inc.; Reinhold -Book Division; 
Association of Official Agricultural Chemists: Williams and Wilkins Co.; American 
Gas Association (Gas Analysis and Testing of Gaseous Materials): John Wiley and 
Sons, Inc.; California Chemical Co.; E. 1. DuPont de Nemours and Co.; Niagara 
Chemical Division; The American Oil Chemists' Society; Parr Instrument Co.; Tech- 
nical Association of the Pulp and Paper Industry; American Society for Testing and 
Materials; Pergamon Press Ltd.; The American Public Health Association, Inc.; 
Department of the Navy, Bureau of Natal Weapons; Hercules Powder Co.; Air 
Force Flight Test Center, Air Research and Detclopment Command. U. S. Air Force; 
California Institute of Technology. Jet Propulsion L.iboratory; Analytical Chemistry; 
Unhersal Oil Products Co.; Harper and Brothers, Publishers; Academic Press; Inter- 
science Publishers, Inc.; McGraw-Hill Book Co.. Inc.; E. H. Sargent and Co.; Fisher 
Scientific Co.; Arthur H. Thomas Co.; Microchemical Journal: Coleman Instruments, 
Inc.; Mettler Instrument Corp.; William Ainsworth and Sons, Inc.; Englehard Indus- 
tries, Inc; and Micro-Ware, Inc. 

The task of assembling and coordinating the material for this book has been sim- 
plified immensely by the remarkable spirit ol cooperation exhibited by the various 
collaborators in all phases of the undertaking. The editor wishes to thank all 
contributors for their efforts toward bringing this book to its final form, and for 
making asailable the specialized information that it contains to all who may have 
need of the methods of practical dicmical analysis. 
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APPARATUS, GENERAL 
OPERATIONS, AND 
REAGENTS 



Chapter 1 


STANDARD LABORATORY 
APPARATUS 

By W. Stanley Clabaugh 

Chemist, Food and Drug Administration 
Department of Health, Education and Welfare 
tVashington, D. C. 


Quantitative analysis is the determination of the quantity of one or more of 
the constituents present in a given material. Regardless of the mctliod used to 
determine this quantity, somewhere in the operation a set of precise analytical 
sveights and an analytical balance must be used. Therefore, the accuracy of all 
work rests fundamentally on the weights and balance that are employed, H. S. 
Washington states . . if the balance and weights are not accumte, and are not 
carefully taken cave of, the labor and lime expended on an atvalysis will largely 
go for naught. The balance and weights should therefore be regarded with a feel- 
ing akin to reverence, and the balatice case looked upon, so to speak, as a ‘sanc- 
tum sanctorum’.” 

WEIGHTS, BALANCES, AND WEIGHING 

The Weights.— As is well known, the international metric system is used in 
scientific work, and tlie standard of mass is the international prototype kilogram 
which is in the custody of the International Bureau of Weights and Measures in 
France. Two copies of this standard, designated as the United States prototype 
kilograms, are at the National Bureau of Standards, Washington, D. C. These 
weights are the ultimate base for all gravimetric analysis. 

The analyst should exercise extreme caredn selecting the weights he uses. The 
material of which analytical weights are made must be hard, nonmagnetic, resist- 
ant to oxidization and corrosion, and unaflcctcd by humidity. The entire surface 
of each weight must be smooth and highly polished, and must remain so in use. 
The weights must always be handled with the special lifter which the manufac- 
turer provides with each set of weights. These lifters are especially designed, and 
tlie tips that come in contact with the weights must be smooth and made of a 
material that minimizes the abrasion of tlie weights during use. Nonmagnetic 
stainless steel is suitable for weights of 1 g. and larger. Platinum or an alloy of 
96.5% platinum and 3.5% rhodium is suitable for fractional gram weights of 10 
mg. or larger. Highly polished tantalum is suitable for the fractional gram weights 
of less than 10 mg. 

The accuracy of a set of weights should never be taken for granted. This is 
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true for a new set, as well as for a set that has been used. There are extreme 
variations in the quality of weights, and nothing except a test of each tud.v.dua 
weight will prove its accuracy and constancy. It svould be tdeal if every set o 
welhts that is used in analytical work were tested by the National Bureau of 
Standards.* but this may not be practical. Therefore, every first class laboratory 
should have available a set of weights certified by the National Bureau of Stand- 
ards as conforming to Class M weights. These weights then can be used to deter- 
mine the accuracy ol the normal -working” weights. For weights to conform to 
Class M or Class S, they must be adjusted svitliiii the limits of error prescribed in 


Table M. 

Tlie mere fact that a set of calibrated -weights is not available is no excuse for 
an analyst to use questionable weights. Inaccurate weights often go undiscovered, 
either through ignorance or through fear that tlie calibration methods are too 
difficult or too time-consuming to be practicable in an ordinary analytical labora- 
tory. A quick check for gross inaccuracies can be made by a few simple weigh- 
ings. Since most gravimetric analyses are reported as ratios or percentages, it is 
usually sufficient that the set of weights used be nearly consistent among them- 
selves, that is, the 1-g. weight be exactly 10 times the weight of the 100 milligram 
weight and the 10-g. weight be exactly 10 times the weight of the 1-g. weight. 
The method of calibration dial can be used is that of Richards * in which one 
weight, perhaps the 10-g., is assumed correct; that is, it weighs 10.0000 g. The 
values of all other weights can be expressed in terms of this 10-g. weight. 

The Analytical Balance,— The value of gravimetric analysis rests fundamentally 
on the accuracy of the instrument employed to determine the weight of the 
sample to be analyzed as well as to determine the weights of the various com- 
ponent parts. The instrument used is the analytical balance, which is the oldest 
form of instrument in use in analytical chemistry. The analytical balance is 
used to compare the weight of the sample to be analyzed to the standard unit of 
weight (mass), and likewise to compare the weights of the various separated com- 
ponents to the same standard unit of weight. 

The fundamental requirements for a reliable analytical balance are: 

A. It must be accurate and precise. It should give the same results when the 
same object is weighed several limes. 

B. It must have sufficient sensitivity. It must respond to slight changes in 
weight. For most analyses it is sufficiently sensitive if one can easily determine 
0.1 mg. 

C. Above all, the balance must be stable and well constructed. The beam must 
return to its horizontal position after swinging. The beam must not bend under 
its normal working load. All knife-edges must be sharp, lie in the same plane, 
and be parallel to one another. The plates on which the knife-edges rest when 
weighing should be made of a hard material, usually agate, highly polished and 
perfectly smooth and flat. The knife-edges should remain sharp and the plates 
fiat, “not cupped." when the balance is properly used, 

Tliere are three general type, ot analytical balances available to the analyst 
One type ot analytical balance is essentially an equal-armed lever, supported at 
the center and tree to swing in a vertical plane. Balance pans are suspended from 


, er, w." “a", “ ‘’’"I"', Nalivnal Bureau ot Standards for the testin.. of 

tKtm. hal-inces. method, ot tieighing and testing, and regulations governing their 

l^gtoSS, D. C. “ Bureau of Standards. Wash- 


2 Richards, T. IV., J. Am. Chem. Soc., 22, 144, 1900. 
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Table 1-1. 


Precision of Corrections and Tolerances for Class M, High Preci 
SION Weights, and Class S, Laboratory Weights 


Denomination 

Class M 

Class S 

Tolerance 

Precision of 
Correction 

„ , Precision of 

Tolerance Correction 

i 

100 g. 

0.5 mg. 

0.1 mg. 

0.5 mg. 

0.5 mg. 

50 

•3 

.1 

.3 

0.1 

20 

.2 

.01 

.2 

.1 

10 

.15 

.01 

.15 

.05 

5 

.15 

.01 

.15 

.05 

2 

.10 

.01 

.10 

.05 

1 

.10 

.01 

.10 

.05 

500 mg. 

.05 

.001 

.05 

.01 

200 

.05 

.001 

.05 

.01 

100 

.05 

.001 

.05 

.01 

50 

.03 

.001 

.03 

.01 

20 

.03 

.001 

.03 

,01 

10 

.02 

.001 

.02 

.01 

5 

.02 

.001 

.02 

.01 

2 

.01 

.001 

.01 

.01 

1 

.01 

.001 

.01 

.01 

0.5 

.01 

.001 

.01 

.01 

0.2 

.01 

.001 

.01 

.01 

0.1 

.01 

.001 

.01 

.01 


eadi end of the beam or lever. The object to be ivciglied and the ■weights used 
are placed on these pans. Analytical balance of this type may dilTer in various 
constructional details, but all have the same fundamental features. The final 
weight is obtained by one of the methods of savings. A second type of analytical 
balance is constructed exactly like the previous type except that some kind of 
damper, usually of a magnetic type, is attached to one or both ends of the beam. 
The purpose of the damper is to eliminate the swinging of the balance. In fact, 
the oscillations are so completely damped that, if there is a small difference in the 
weights on the pans and the balance is released, the pointer -will swing to one 
side and come to rest at the end of its sw’ing. The scale is graduated in milli- 
grams; tlius, the point of rest indicates directly the weight of the object. Natu- 
rally, the exact point of rest must be determined either with a microscope, or 
the two images, pointer and scale, are magnified and projected on some type of 
view'ing screen. 

A third type of analytical balance may or may not be an equal-arm balance. 
In either case, it is a so-called damped balance. This type of balance may be 
called a one-pan balance. That is to say, attached to the beam on one side of 
the fulcrum is a counterpoise of sufficient weight to balance exactly the pan and 
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weights on the opposite side. The total load on the balance is always constant 
and weighing is made by substitution: that is, with the unknown on the pan of the 
balance, weights are removed from the pan side of the beam until the equilibrium 
is restored Thus, the amount o£ weight removed is the weight of the unknown 
object The balance has its own set of built-in weights which are removed from, 
or placed on, the pan side by means of some type of levers. These weights nor- 
mally hang from the weight hanger whidi is attached to the stirrup. Lashof and 
i\facurdy have published a method for checking this type of balance and weights.3 

Eacli type of analytical balance may be obtained with at least three different 
capacities; namely, a normal analytical balance of 200-g. capacity, a semi-micro 
of 50- to 100-g. capacity, and a micro of 20-g. capacity. 

Regardless of the type of analytical balance used, it must be placed on a firm 
foundation and protected as much as possible from vibrations and jarring. It 
should also be protected from changes in temperature, and never placed near a 
window, an air conditioner, or a radiator, or other source of heat (including in- 
candescent light). Above all, it should not be placed in a laboratory where it can 
be subjected to various corroding gases. 

The H'eighing.— The fad that an analyst has an excellent set of calibrated 
weights and uses an excellent balance is not positive proof that tlie weighings are 
correct. To obtain true and exact weights, much depends on the technique used 
in the manipulation of the balance and the weiglus and the objects being weighed. 

The balance beam should always be raised or lowered with extreme caution; 
this prevents undue damage both to the knife-edges and the planes on which they 
operate. The weights and the object being weighed must always be placed in 
the center of the pan. Weights should always be handled with forceps and never 
with the fingers. Weights of the highest accuracy should be kept in a closed box 
when not in use. However, those weights that are in continuous use for ordinary 
work can be kept in a suitable place within the balance case, provided the case 
is reasonably tight and the balance door is kept shut when not in use. 

Objects to be weighed must, of course, be allowed to come to the same tempera- 
ture as the balance before weighing is attempted. The time required for the 
temperature of any object to come to the same temperature of the balance will 
depend on the size and kind of material, as well as on the temperature at svhich 
it was dried or ignited. For instance, if several porcelain crucibles are removed 
from a furnace at a temperature of gOO'C. and placed in a desiccator, there is 
sufficient heat present to warm up the entire desiccator and many hours are re- 
quired for the desiccator and the crucibles to come to the same temperature as 
the balance. In a case like this, it is best to allosv the desiccator to remain on a 
laboratory bench for several hours to dissipate as much heat as possible. Then 
allow the desiccator to stand near the balance for at least over night before at- 
tempting any weighings. 

Many objects, especially if they ate made of glass or quartz, become electrified 
by friction. This electrification is caused by wiping or rubbing; therefore, such 
objects should not be wiped immediately before weighing. Electrification may also 
be raused by undue sliding of the object along the base on which it rests, as well 
as by twisting of the ground glass stopper or cap of a weighing bottle. The pres- 
ence of a static electrical charge on an object being weighed causes erratic be- 
havior of the balance. If the method of swings is used with an equal-arm bal- 

3 Lashof, T, M’., and Macurdy, L. B., Anal. Chem., 26, 707, 1954. 
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ance, the swings are erratic. Likewise, the weight obtained by a clamped balmice 
may vary by plus or minus several tenths of a milligram on successive trials. This 
effect is due to the attraction or repulsion of the charged container for the wall 
or floor of the balance. This static electrical charge can be very annoying, espe- 
cially when the relative humidity is low. It is reported that tlie charge may be 
dissipated by placing a small amount of radioactive material in the balance case 
to ionize the air. The use of a "high-frequency vacuum tester” for tlie removal 
of the electrostatic charge has been recommended by Van Straten and Ehrct.'* 
The best method available is to handle the object to be weighed in such a man- 
ner that it does not become electrified. 

Another source of error is the adsorption of moisture. It is a known fact that 
any perfectly dry object placed in a moist atmosphere w'ill adsorb moisture on 
its surface. The amount of moisture, which causes an increase in tveight, will 
depend primarily on the properties of the material itself and on the relative 
humidity of the atmosphere to which it is exposed. 

Materials like platinum, nickel, and most porcelain, which are used to make 
crucibles and dishes, are so ver^' slightly liygroscopic that, when properly heated 
and cooled, they will not adsorb sufficient moisture to cause an inacase in weight 
in the time required to make the weighing. Other materials like glass, quartz, 
etc., especially if they have a large surface, may increase considerably in weight 
due to moisture adsorbed during the time of weighing. The errors due to ad- 
sorption of moisture on the surfaces of containers can be minimized by the use 
of a tare. Such a tare is a similar container, both in weight and surface, and is 
exposed to the same cleaning, drying, and cooling as the container in whicli the 
object to be weighed was exposed. 

One of the principal sources of error is the aljsorption of moisture by the sub- 
stance being weighed, which is usually of much larger magnitude than the ad- 
sorption by the container. The amount of moisture absorbed will depend on the 
nature of the substance. Materials like anhydrous aluminum chloride and phos- 
phorus pentoxide and similar substances absorb water very rapidly and must be 
weighed in tightly closed containers. Materials like sodium chloride, ammonium 
dihydrogen phosphate, and metal chips may be weighed in open containers. Natu- 
rally, there are materials between these two extremes so that the precaution to 
take while weighing will depend on the particular substance being weighed. The 
physical characteristics of a substance must also be considered: silica gel is so 
hygroscopic that it may be used as a desiccant and must therefore be weighed in 
a closed container, whereas pieces of quartz may be weighed in open containers. 
Likewise, zirconium oxide that has been formed by ignition at 600‘’C. is so hygro- 
scopic that it must be weighed in a closed container: yet, if the same material is 
heated at 900° to 1000°C., it may be weighed in open crucibles. There are many 
otlier substances that have similar characteristics. Therefore, to make accurate 
weighings one must know something about the nature and history of the object 
to be weighed. 

A body that is weighed in air is buoyed up by a force equivalent to the weight 
of the volume of air displaced by the body. This buoyancy effect must be taken 
into account and corrected for in analytical work of the most precise nature, sudr 
as the intercompari.son of standard substances, the determination of the accuracy 
of a method, the standardization of acids or alkalies, and especially in the deter- 

4 Van Straten, F. W., and Ehret, W. F.. Ind. Eng. Chem., Anal. Ed., 9, 443, 1937. 
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mination ot atomic tveighu. For mou analytical work it is snfficient to nse tl.c 
wdght obtained with stainless steel weight tn a.r under normal conditions If 
necLary, the weight of an object in vamum may be calculated from the weight in 
air by the following equation: 


M » Wa + 


’\A 


■ dJ 


where M is the weight in vacuum. \V app.irent weight in air, p. density of air, 
Di, density of object, and D.n density of wcigiits. 


VOLUMETRIC APPARATUS 

The value of volumetric analysis rests, as in gravimetric analysis, fundamen- 
tally on the accuracy of the instruments employetl to determine the volume of a 
standard solution required to react with a known quantity of an unknown sub- 
stance. This applies also to the measurement of an aliquot of the solution of the 
sample to be analyzed. The instruments used are volumetric flasks, burets, trans- 
fer pipets, and measuring pipeis. They are made in various sizes. 

Volumetric Units.-^The fundamental unit of capacity is the liter. A liter is the 
volume occupied by one kilogram of water at its maximum density (3.98*C.) and 
under normal atmospheric pressure (7f)0 mm. of mercury pressure). The volume 
is measured under normal atmospheric pressure, but the mass, one kilogram of the 
water, is the weight in vacuum, in toliimctrlc analysis the unit most used is the 
milUUter (ml.), which ts one onc-thousandtU of the liter. The unit milliliter 
(ml.) should not be confused with the unit cubic centimeter (cc.). The cubic 
cetitimeter is a unit of volume denvetl from the meter, which is the standard for 
length. It was originally intended that I ml. of water be exactly equivalent to 
1 cc. of water and each have a mass of I g. when the water was at its maximum 
density (3.98*C.). £xtensi\e investigation by the International Bureau of ’Weights 
and Afeasures® revealed that I ml. is equal to 1.000028 cc. Actually this small dif- 
ference has no significance in ordinary volumetric analysts, but to be correct the 
unit milUUter should be used instead ot the unit cubic centimeter. 

Labeling of G/ajJu’nre.— Every item of volumetric apparatus should bear the 
following information inscribed in permanent legible characters, either by etch- 
ing, or by fused markings provided the latter are neat and clear. 

1. The capacity of the apparatus. 

2. The temperature at which it is calibrated. 

3. Method of use; that is, to contain or deliver. 

4. The name or trade-mark of the maker. 

5. A permanent identification number. If there are detachable parts, such as 
stoppers, stopcocks, etc., they must be marked with the same number unless 
they are interchangeable standard taper. If there are interchangeable ground- 
glass parts, both parts must be marked with the proper standard taper symbol. 

. The time required to deliver the stated volume, with unrestricted outflow’, if 
die apparatus is designed to deliver a definite volume through an orifice. 

7. Type of glass; that is, soft glass or a borosilicate glass. 

Bureau International des Poids et M«ures et son 
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Reading of Mcnisats.-The use of all volumetric ware requires the setting or 
reading of a meniscus, and to do this accurately is more difficuU than most ana- 
lysts realize. The reading or setting is made on the lowest point of the meniscus, 
e.xcept for those liquids that are so strongly colored tliat they arc opaque. One 
source of error is the determination of the exact bottom of the meniscus. This 
task is made difiicult by reflections from tlie glass surface and the curved surface 
of the meniscus itself. A second source of error is parallax. Thc.se two errors 
can be minimized by the use of a reading aid. The simplest, and perhaps the 
best, reading device is a partial ring cut from a rubber stopper. The top part 
of a No. 3 or 5 rubber stopper is cut so that it is about 0.5 cm. thick. A hole, 
having a diameter slightly less than the diameter of a buret, is cut through this 
rubber disk, and a small segment is cut from this rubber ring. The reading device 
is placed one graduation below the meniscus and a white card is held behind the 
buret at tlic same point. The white card cuts out all reflections and the black 
rubber ring shades tlic bottom of the meniscus, tiuis making it appear as a curved 
line. The proper setting of the liquid level in a buret is to have the bottom of 
the graduation line on the front of the buret, tlic bottom of the meniscus as de- 
fined with the reading device de.scribed. and the top of tlic graduation line on the 
back of die buret all in one plane. .Similar reading aids can ite made to fit the 
stems of pipets and the necks of fla.sk.s. A third source of error, only present in 
apparatus designed to deliver, i.s drainage. The eiTor due to drainage is fairly 
independent of temperature over tiic normal range of temperature encountered 
in volumetric analysis. The amount of liquid remaining on tlie wall of a con- 
tainer is directly proportional to the area of the wall. Therefore, the smaller 
the diameter the larger is tlie ratio between the amount remaining and the quan- 
tity delivered. Tiic drainage and the amount adliering to the wall are inversely 
proportional to the time allowed for delivery. This error can be minimized by 
using the same buret and regulating the time required to titrate an unknown to 
within narrow limits to the time required to titrate the standard .solution. 

Quality of Glossivarc^— AW volumetric ajjparatus must be of high quality: that 
is, it should be well constructed and free from striae and surface irregularities. 
Tlie cross section where the setting is made or the meniscus is read must be circu- 
lar. The shape of the apparatus must permit thorough cleaning and complete 
emptying and drainage. The transition from larger to smaller diameters must be 
giadual and regular and contain no sharp ledge or shoulder to entrap either 
liquids or gases. All ground glass stopcocks or stoppers, and plastic stopcocks or 
stoppers, must be fitted so as to work easily and pre\'cnt leakage. 

Volumetric apparatus of excellent quality can be purchased. If desired, ap- 
paratus certified by the National Bureau of Standards can be purchased through 
most laboratory supply companies, or one can send their apparatus directly to the 
National Bureau of Standards for certification.'^ However, it is desirable that the 
analytical chemist test the correctnc.ss of his volumetric apparatus and thus become 
familiar with its limitations. 

Criterion of Cleanliness of Glassieare.—Thc apparatus must be clean, and for 
general analysis the surface may be considered clean if, after rinsing several times 
(minimum of 5) with distilled water, the water will drain off freely and uniformly 
without leaving any dry streaks or drops of water on the rvalls. In the special 

Apparatus. National Bureau of Standards C.ircidar 
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case where "trace" amounts of elements are involved, some other special criteria 

for a clean surface may be required. 

Cfl/ibra/ioM.— Burets and measuring pipets should be checked at a minimum of 
file points. For a 50-ml. buret the intervals 0-10 ml., 0-20 ml., 0-30 ml., 0-40 
ml., and 0-50 ml. should be checked. To do this, fill the buret to just above the 
zero line with distilled water at room temperature and determine the temperature, 
T, of the water. Set the meniscus at exactly zero, as previously described, and 
wipe off the e.vcess water from the tip sviih a clean piece of filter paper. Place a 
tared stoppered flask under the buret and deliver the interval to be tested into 
the tared stoppered fiask and reweigh the flask. The true volume of the inten-al 
is calculated from the apparent weight of the water at temperature T by means 
of Table 1-2 or Table 1-3, depending on the type of glass from which the buret 
or pipet is made. Tables 1-2 and 1-3 correspond to Tables 16 and 17 published in 

Table 1-2. Corrections por Determwino the True Capacities op Glass Vessels 
FROM THE Weight of Water in Air 
(Soft glass, coefficient of cubical expansion 0.000025/“C.) 

Indicated capacity 100 ml. 

Tenths of degrees 

Tempera- 

ture, "C. I i 

0123456789 
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Table 1-3. Corrections for Determining the True Capacities of Glass Vessels 

FROM the Weight of Water in Air 

(Borosilicatc glass, coefficient of cubical expansion 0.0000 1 0/°C.) 

Indicated capacity 100 ml. 


Tenths of degrees 


l empera- 
ture, °C. 

1 

0 

1 

2 

! 

:> 

4 

5 

6 

7 

8 

9 

15 

0.200 

0.201 

0.202 

0.204 

1 

0.205 

0.207 

0.208 

0.210 

0.211 

0.212 

16 

.214 

.215 

.217 

.218 

.220 

.222 

.223 

.225 

.226 

.228 

17 

.229 

.231 

.232 

.234 

.236 

.237 

.239 

.241 

.242 

.244 

18 

.246 

.247 

.249 

.251 

.253 

.254 

.256 

.258 

.260 

.261 

19 

.263 

.265 

.267 

.269 

.271 

.272 

.274 

■.276 

.278 

.280 

20 

.282 

.284 

.286 

.288 

.290 

.292 

.294 

.296 

.298 

.300 

21 

.302 

.304 

.306 

.308 

.310 

.312 

.314 

.316 

.318 

.320 

22 

.322 

.324 

.327 

i .329 

.331 

.333 

.335 

.338 

.340 

.342 

23 

.344 

.346 

.349 

.351 

.353 

.355 

.358 

.360 

.362 

,365 

24 

.367 

.369 

.372 

.374 

.376 

.379 

.381 

i .383 

.386 

.388 

25 

.391 

.393 

.396 

.398 

.400 

.403 

.405 

.408 

.410 

.413 

26 

.415 

.418 

.420 

.423 

.426 

.428 

.431 

.433 

.436 

.438 

27 

.441 

.444 

.446 

.449 

.452 

.454 

.457 

.460 

.462 

.465 

28 

.468 

.470 

.473 

.476 

.479 

.481 

.484 

.487 

.490 

.492 

29 ; 

.495 

.498 

.501 

.504 

.506 

.509 

.512 

.515 

.518 

.521 

30 

.524 

.526 

.529 

.532 

.535 

.538 

.541 

.544 

.547 

1 

.550 

31 

.553 

.556 

.559 

.562 

.565 

.568 

.571 

.574 

.577 

.580 

32 

1 

.583 

.586 

.589 

.592 

1 

.595 1 

i 

.598 

.602 

.605 

.608 

.611 

1 


the NBS Circular 602. For the '10.00-ml. interval, determined at 2G.4®C., the cal- 
culation M’ould be: 


Apparent weight of water 39.839 g. 

From Table 1-2, 0.4 X 0.416 0.166 


True volume at 20'’C. 40.004 ml. 


AH observations must be made in duplicates and the duplicates should agree to 
° error for that particular size of apparatus, as recom- 

men e National Bureau of Standards. Duplicate observations on a 50-ml. 

buret should agree to within 0.007 ml.; on a lO-ml. buret to within 0.003 ml. The 
limits of error permitted are shown in Tables 1-4 and 1-5. 
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Table 1-4 


Capacitv Tolerances for Burets and Measuring Pipets 


Capacity (in milliliters) 

Liout of error of total 
or partial capacity 

portion less than and 
including — 

Burets 

Measuring 

1 pipets 


ml. 

ml. 

2 


0.01 

5 

0.01 

.02 

10 

.02 

.03 

30 

-03 

.05 

50 

.05 

.08 

100 

.10 

.15 


The calibration of transfer pipets is also diecked by determining the apparent 
weight of water delivered and making tlie appropriate correction. The limit of 
errors for transfer pipets is shown in Table 1*5. The pipet is filled to just above 
the mark, the ujiper end is closed, normally with tlie index finger which should 
be slightly moistened; and the outside o! the tip is wiped dry with a piece of 
clean filter paper. Tiie meniscus of the liquid is adjusted to the mark by careful 
admittance of air. The pipet tip is then rested against the inside wall of a re* 
ceising sessel and the contents delivered, with free outflow. A more precise 
method of using a transfer pipet is to attach a short piece, about 10 to 15 cm., of 
clean rubber tubing to the upper end of the pipet and then close this tubing 
with a screw clamp or a pinch cock. The inside diameter of the rubber tubing 


Tablf. 1-5 Capactty Tolerances for Transfer Pipets 


Capacity (in milliliters) 
less than and including — 

Limit of 

error 


ml. 

2 

0.006 

5 

.01 

10 

.02 

30 

.03 

50 

.05 

100 

.08 

200 

.10 
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should be slightly less than the outside diameter of the upper stem of the pipet 
and the clamp placed about I or 2 cm. from the top end of the jnpet. 1 he pipet 
is filled to just above the mark, as usual, and the clamp dosed. The pipet is then 
placed in a buret clamp and thus held rigid. 'I he tip is wiped dry and the 
meniscus adjusted to the mark by gently and carefully pushing the rubber tube 
further on to the pipet stem. .‘\ny c.\cess liquid is removed from the up wiUi a 
piece of clean filter paper. The receiving vessel is then placed under the pipet. 
with the tip of the pipet touching tire inside wall. Then the damp is loosened 
and the liquid allowed to deliver under free How. The latter method eliminates 
any chance of accidentally losing a drop of liquid fioni the end of the pipet while 
it is being transported to the receiving vessel. 

To dieck the capacity of flasks that are calibrated to contain a definite volume, 
clean, dry, and tare the flask. Fill the flask to the mark with distilled water. 
Determine the temperature and apparent weight of the water and calculate the 
volume by applying the appropriate correction from either Table 1-2 or Table 1-3. 

Weight Bitrets.—Mnny special devices have been recommended from time to 
time that are supposed to eliminate the errors of drainage, parallax, changes in 
volume due to changes in temperature, etc. However, if a higlicr accuracy is de- 
sired than is obtainable when nomial volumetric apparatus is used in its normal 
fashion, one should use weight burets. ^Veigllt imrets are especially recommended 
since one has so many good rapid-weighing balances available. In titrations in- 
volving 50 ml., weighing to an accuracy of 1 mg. (1 part in 50,000) is quick and 
simple, whereas the determination of 50 ml. with a buret to 0.01 ml. (1 part in 
5,000) is most difficult. 

Advantages of ^Veight Burers.— 

1. Standard solutions are made up on a weight basis (grams of standard sub- 
stance per gram of solution) and all results are independent of temperature. 

2. Frequent cleaning of the buret is not necessary because a drop of .solution 
clinging to the inside wall of the weight buret docs not affect the results. 

3. Errors due to drainage arc completely eliminated; in fact, with the modern 
quick weighing balances the weigltt buret can be weighed in the time normally 
allowed for an ordinary buret or pipet to drain. 


MISCELLANEOUS APPARATUS 

There are several types of apparatus that should not, in a strict definition of 
staudaid, be called standard apparatus. The use of this apparatus is so impor- 
tant, however, that an analyst must know the composition and limitations of such 
apparatus before he can obtain reliable result-s when it is used. The analyst of 
the present day can select apparatus made from various materials, such as boro- 
sihcate glass, alkali-resistant gla.ss, low actinic glass, platinum, gold, silver, nickel, 
stainless steel, iron, and many types of plastics. 

The quality of apparatus has improved very much in recent vears, but the 
discriminating analyst must still exercise caution in the selection' of apparatus 
for particular analyses. Extreme care must be used in selecting apparatus, if one 
IS determining trace quantities (10 fig. or less)” of an element 


LABORATORY GLASSWARE 

Types of Glossivare.-M\ glassware that is used should be of the so-called resist- 
tariety, and even this glassware is attacked by the solutions. The amount of at- 
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tack depends on the time, the temperature, tlie salt concentration, and whether 
the solutions are acid or alkaline. The chemical composition of four brands of 
chemical glassware available is given in Table 1-6. The chemical resistance of 


Table 1-6. Composition of the Samples 


Constituent 

Glasbakc, 
Per Cent 

Kimbk, 
Per Cent 

Pyrex 

Per Cent 

Vycor,** 

Per Cent 

Si02 

78.4 

lA.l 

81.0 

96.3 

B^O, 

14.0 

9.6 

13.0 

2.9 

RjOs* 

2.5 

5.6 

2.2 

0.4 

ZnO 

n. d.* 

O.I 

n. d. 

n. d. 

CaO 

0.1 

.9 

neg.'’ 

neg. 

BaO 

n. d. 

2.2 

n. d. 

n. d. 

MgO 

neg. 

neg. 

n. d. 

n. d. 

NatO 

S.O 

6.4 

' 3.6 

<0.02 

K-O 

' neg. 

! 0.5 

1 0.2 

1 < .02 

AsjOa 

0.037 

' .027 

1 .002 

i .005 

SbsOj 

. .038 

.009 

n. d. 

n. d. 


• Chichy AliOi. 

‘|Qeg.” indicates a negligible amount of the constituent. 

• "n. d." indicates the corresponding constituent was not detected- 
'* 0.3 per cent of undetermined constituents. 


each JS given in Fig, 1-1, 1-2. and J-3, which show graphically tlie average loss in 
weight in milligrams sustained when 200 ml. of the selected solution were placed 
in 230-fnl. Erlenmeycr flasks and boiled continuously for 6 hours on an electric 
hot plate. 

for more detailed information, see Chemical Resistance of Laboratory Glass 
Varc, by Wichers, Finn, and Clabaugh.^ Data is not available for the several 
types of laboratory glassware that have appeared on the market since 1941, but this 
latter ware should be used with caution. 


filtering crucibles 

Filtering micibles of various sizes and drapes are available. The crucibles are 
fabricated of glass, quartz, porcelain, stainless steel, and platinum. The filtering 
lap iragm o eac^ i$ composed of the same material as the body of the crucible 
and IS fabrwated m place as an integn.1 part of the crucible. 

CrnciWes.— The filtering diaphragm in the bottom of 
,1 j >s made of glass particles that have been ground or pow- 

»I ^eleced uniform size, and then sintered 
niter 5 They can be used to 

solutions conininin. vf ^‘^dfral or addir; and even concentrated ^ckls. Naturally, 
g >dronuoric acid will attack these sintered-glass crucibles, so 

Soj'qS Anah ^ J' ««“reh NBS, 26, 537, 1911: Ind. 
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Fifi. 1-1. Comparative Resistance to Acid Reagents and \Vatcr. 

Average loss in weigin, in milligrams, per llask per G-lioiir period of e.xposurc. 

The numbers of the following explanatory notes correspond to the itinnbers attached 
to each group of data in Fig. 1-1. 

(1) Distilled water. 

(2) Approximately normal stdfiiric acid. 

(3) Approximately normal phosphoric acitl {one-third molar), 

(4) Approximately G A' ("constant-boiling") hydrochloric arid. About midway of the 

6-hour period of boiling, the flasks were replenished with acid of the same strength in- 
stead of with water. ” 


(5) A solution containing 50 ml. of concentrated hydrochloric acid. 50 g. of sodium 
chloride, and 50 g. of ammonium chloride, in 1 liter. 

(6) Sulfuric acid, 95 per cent. Fifty ml. was used instead of the usual 200 ml., and tire 
flasks were heated on a gas hot plate. Since the area of glass exposed to the boiliim acid 
was not the same as with most of the other reagents, the results are not directly” com- 
parable with those obtained with the others. Ao replenishment of acid was necessarv 

(7) Perchloric acid. Fifty ml. of G0% acid was u.sed for the first period of G hours, the 

electric hot plate used did not supply enough heat to keep the acid boiling, but much 
of the acid evaporated. For the second period, 100 ml. of acid was used. The flasks 
were heated on a gas hot plate to keep the acid boiling gcntlv. No ncitl was added during 
either of the G-hour periods. ' ° 
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Fio. 1-2. Coinparathe Resistance to Alkaline Reagents. 

A\erage loss in weiglu, in milligrams, per flask per 6-hour period of exposure. 

Tor 05 iV potassium li)dioxi(le in alcohol the loss in xreight shown is six times the 
average hourl) loss reported in Table 1 5. 

The numbers of the follonmg explanatoi) notes correspond to the numbers attached to 
each group of data in fig. 1-2. 

(8) Twentieth-normal sodium h>dioxide. 

(9) Halt-normal sodium hydroxide. 

(Ifl) Half-normal potassium hydroxide. 

(11) Half-normal sodium carbonate. 

(12) Half-normal potassium h)droxide in 95% alcohol, When this solution was used, 
the flasks were connected with water cooled reflux condensers, b) means of rubber stop- 
pers. The first period was I hour and the second 2 hours, instead of the usual two 6- 
iiour periods. The object of this departure from the usual procedure w'as to simulate 
actual conditions under which alcoholic potash solutions are frequently used. 


they should not be used for filtering such solutions. Likewise, alkaline solutions 
attack sinteied-glass crucibles. Such a crucible may lose several tenths o£ a milli- 
gram in weight when 100 ml. of a solution having a pH of 8 is poured through it. 
if the pH of the solution is 10 to 12, the loss in weight may be as much as several 
milligrams. The porosity of the filter may change during use, due to the accumu- 
lation of silicic acid that is present in all solutions handled in glassware. This 
silicic acid clogs the pores, causing the filter to become more retentive and slower 
filtering. Since alkaline solutions tend to dissolve the glass, their continued use 
will increase the size of the pores and make the filter less retentive and faster filter- 
ing. Tlierefore, sintered-glass filtering crucibles that are in constant use should 
be checked to determine their suitability for retaining desired precipitates, 

Sinlered-quartz filtering crucibles are similar to sintered-glass filtering crucibles 
but are made entirely of clear quartz. Their main advantage is that they can be 
ignited at temperatures up to 1I00®C. to 1200*C. 

Porous porcelain filtering crucibles are similar to sintered-glass filtering crucibles 
Jut are made entirely of porcelain. They are more resistant to attack by alkaline 
solutions and may be ignited to 1000‘’C.-I200'’C. 
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Fir.. 1-3. Compavalive Resistance to Nearly Neutral Reagents. 
.Average loss in weight, in milligrams, per flask per G-hour period of exposure. 

'X'liJr. .1^ -i.'-n.. —r ^t.r _r 


uy nttraiis ui iiiiAiuics ui poiassiuin cufiy<irogcn pnospnaic anu (usocninn nydiogcn piios- 
phate. The elTcct of nearly neutral salt solutions was .studied in some detail after it was 
observed tliat an unlnilfcrcd 5% solution of sodium cliloride caused a pronounced attack 
of all the glasses (although in varying degrees). The indicated pH is that of tiic solution 
at the beginning of the test period, at room temperature. Tlic approximately neiui-al 
solutions used were as follows. I'hc numbers of the paragraphs correspond to the nvnn- 
bers attached to the several groups of data in Fig. )-.3. 

(13) Sodium chloride. 5%, not hulfercd. The solution was sliglulv acid at the begin- 
ning of the test period, but the contents of the flasks were slightly alkaline at the end 
ol the period, especially in the group wliich showed the greatest attack. 

(14) Sodium chloride, 5%, in 0.001 A' hydrochloric acid.' All the flasks were so .slightly 
attacked by this reagent that they were used again with the next one. This is the only 
instance in whicii any flasks were used for tests with more than one rca'miu 

(15) Sodium chloride, 5%, hulfercd at pH 6.2. This solution contained, in addition to 

S- of Na 2 HP 04 - 12 H 20 and 4..55 g. of KHoPOj, in 1 liter. 

(16) Sodium chloride, 5%, buffered at pH 7.0. In addition to the sodium chloride 
the solution coniained 19 0 g. of Na 2 HP 04 - I 2 H 2 O and 1.15 g. of KH 0 PO 4 , in I liter. 

(Caption continued on next page) 
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1250"C Furnaces with the type of coiitiols that regulate the rate of heating, as 
well as the maximum temperature, can be loaded with a number of crucibles 
containing filter paper and precipitates. Thus, the drying, charring, and final 
ignition of the precipitates can be done automatically so that the analyst can be 
released for other duties. 

Miscellaneous.-Space in this text does not permit a detailed discussion of all 
the valuable electrical apparatus that is commercially available to aid the analyst 
in his work, A number of other important types are: the electrometric pH 
meter, filter photometers, spectrophotometers, poteniiometrlc titration apparatus, 
fluorescent photometers, flame photometers, spectrographs, and various types of 
x-ray and radioactivity equipment. 

INfPORTANCE OF APPARATUS 

Dr. G. E. F. Ltiridell, one of the most outstanding analytical chemists of this 
century, slated in 1933 in /tmlysis of Things as They AreJ* “The mechaiuad de- 
tails of quantitative analysis have been quite satisfactorily worked out; the chem- 
ical details have not. In other words, balances, weights, volumetric apparatus, 
reagents, glass, quart?, porcelain and platinum ware, filtering media, burners, 
ovens, and even procedures for the determination of elements when occurring by 
themselves need very little improvement for ordinary purposes. On the otiicr 
hand, methods for tlie quantitative separation of the elements from one another 
are far from perfect. Far more poor determinations arc caused by the use of^ 
faulty or unsatisfactory metho<ls of analysis than by errors in weighing, measuring, 
or other manipulations. This is not intended to discourage proper attention to 
such considerations, but to urge that a little less attention be paid to the method 
of weighing and a little more to the thing that is weighed.” 

This statement was made more than a quarter of a century ago and it is still 
true. However, many of the fine points of the “so-called” mechanical details of 
quantitative analysis have been neglected and forgotten. Much of the disagree* 
ment in analytical results obtained by different laboratories can be eliminated if 
the proper attention is given to these fine details. This is especially true in the 
selection and proper use of standardized weighing and measuring apparatus. 

sLuiulell, G. E. F.. liid. Eng. Chcni . Aiul. Ed.. 15, 221, 1933. 
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PURPOSES OF SAMPLING 

Jndghig Acceptability.— Most often, a sample is taken Ijecaiisc one wishes to know 
if the material it represents meets purchase or sales specifications. For this pur- 
pose, the sample must accurately represent the Avhole cpiantity under consideration. 
Frequently, more than one sample is needed and analyses must be performed on 
each of the samples diat are taken. Sometimes it is possible to combine two or 
more samples for analysis, but it is always necessary in such cases that the samples 
be combined in the proper proportions and in a way that is consistent with the 
known or expected properties of the material. 

Delecting Contamination.— Another facet of acceptance sampling is to assure 
the absence of contamination or dirt from the material being sampled. For this 
important (but restricted) purpose, it is usually preferable to sample in a way tliat 
gives maximum assurance of finding the contamination if any be ]>rcsent. Sam- 
ples of this kind, therefore, do not accurately represent the entire quantity. For 
, example, when foreign matter is suspected, one samples as near to the bottom of 
the container as possible. Similarly, when an easily oxidized product is thought 
to have been exposed to air, one samples at the surface. In both cases, the prob- 
ability of detecting contamination is deliberately increased at the expense of ob- 
taining truly representative samples. It is good practice to take representative 
samples first and then to take samples as needed to assure absence of contamination. 

Identifying Materials.— A third purpose of sampling is to identify an unknown 
material. The expense of obtaining an accurate sample may not be warranted, 
and usually the question of possible contamination docs not immediately arise. 
Very rarely, the choice among two or several possibilities is so close that only a 
carefully taken sample can adequately serve to establish identity. 
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PROBABILITY SAMPLING 
OF MATERIALS 

By Louis Tanner 

Chief Chemist 
U. S. Customs Laboratory 
liosion. Mass. 

INTRODUCTION 

A sample submitted to the laboratory for quantitative assay is assumed to be 
representative ol the lot of material OT product from vsfhiclt it was drawn. By 
"representative” we mean that the magnitude of the particular property being 
evaluated is the same in the sample as in the Jot. For uniform materials such as 
a clear solution, any one portion is obviously a representative sample. Since for 
nonuniform materials no one portion or unit is likely to be representative, it is 
the usual practice to select a number of portions to constitute tlie sample, in the 
expectation that the average value of the property in the sample will be essen- 
tially the same as the average that would be found for the entire lot under the 
same conditions. How well this expectation is realized depends on the number 
of portions in the sample and how tliese portions are selected. Rule of thumb, 
judgment, and intuition are often relied upion for these purposes, but samples 
so drawn do not furntslv an objective criterion for judging the result. A prob- 
ability sample, on the other band, does furnish criteria for estimating the sample 
size required and for judging ilie precision achieved. 

A probability sampling plan is one that makes use of the theory of probability 
to combine a suitable procedure for selecting sample portions or items with an 
appropriate procedure for summarizing the test results, so that a valid objective 
evaluation may be made of the probable limits of sample error. Essential fea- 
tures of probability sampling of materials for determination of an average prop- 
erty are described in this section. 

THE CONCEPTS OF UNIVERSE AND SAMPLE UNITS 
A lot of material or product is, or may be conceived as being, composed of N 
distinct portions or units, each possessing the given property but not necessarily 
to the same extent or magnitude. Tlte units may be individual items such as 
electronic tubes or cakes of soap; packages of material such as bales of cotton or 
drums of oil; small quantities taken from a bulk commodity by means of a trier, 
thief, drill, scoop, shovel, or other sampling device. The numerical values of 
the property for all the units constitute a statistical universe having some form of 
distribution with a mean value and a variance. Any group of n units could be 
considered a sample of this universe. However, only if the n units have been 
independently selected at random is the resulting sample a probability sample. 
For such a sample certain statistia may be calculated from the test results, from 
which valid inferences may be drawn and objective answers given to a v.ariety of 
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important questions. For example: What is the likelihood that a second prob- 
ability sample of n units drawn from this lot will have an average value (or range 
of values, or percentage of defectives) which differs from that of tlie first sample 
by more than a specified amount? 

Of major importance in a sampling plan is the determination of the number 
of units to be drawn such that sample averages will have a prescribed level of 
precision. Equations for calculating the required sample size are available when 
certain prior information exists. 

INFORMATION REQUIRED 

For the calculation of minimum sample size, certain information is needed. 

1. There must be an advance estimate of the standard deviation of the units in 
the universe sampled. This estimate may be derived in several tvays: 

(a) The process that produced the lot may be in statistical control, with known 
standard deviation. 

(b) Estimates of standard deviation from samples of pre\'ious lots of like ma- 
terial sampled under essentially the same conditions may be available. 

(c) From general knowledge as to the approximate range of the property, from 
its lowest to its highest value in the sample units, and as to the shape of the dis- 
tribution, a sufficiently good advance estimate may usually be made. Thus, if the 
values run ratlier uniformly throughout the range, R, the standard deviation is 
about 0.3 R', if most of the values lies at one end of the range, it is about 0.25 
R-, and if the values are mostly in the middle of the range, the standard deviation 
is approximated by 0.2 R. 

(d) If the sample is for the estimation of fraction defective, the standard devia- 
tion is Vp'(l — p'), where p' is the fraction defective in the lot. 

2. The level of precision desired must be specified. Tltat is, it must be decided 
(a) what difference can be tolerated between the estimate to be made from the 
sample and the result tliat would be obtained by testing ever)' unit in the uni- 
verse, and (b) what risk is acceptable that by chance the tolerance will be ex- 
ceeded. In arriving at decisions on tolerance and risk, it must be borne in mind 
that the smaller the tolerance or the risk, the larger will be the sample size 
required. 


EQUATIONS FOR CALCULATING SAMPLE SIZE 

Single-Stage Satnpling.-The universe consists of N units, n of which will be 
drawn as the sample. 


n = 



(2-1) 


where n = the number of units to be selected at random, 
a' = the advance estimate of the standard deviation, 

^ difference that can be tolerated between the sample estimate and the 
universe value, and 

t = a factor corresponding to the acceptable risk of exceeding E. 

TaWe 2-1 lists the value of t for several commonly accepted risks, 
n Eq. 2-1, it is assumed tliat N is large compared to n: When this is not the 
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Table 2-1 

Probability That E 
t Will Be Exceeded 

3 3 in 1000 

2.58 1 in 100 

2 45 in 1000 

1 64 1 in 10 


case, ilie required sample size will be smaller than that indicated by Eq. 2-1. This 
smaller size, is given by Eq. 2-2. 


Nn 

= xr L 
N + n 


(2-2) 


Tit'o-57flge SampUng.-Some lots of material are, or may be conceived as being, 
composed of two kinds of sample units, primary and secondary. Typical exam- 
ples are: a shipment of yarn consisting of N] cases (primary units), each contain- 
ing A'a packages (secondary units); a lot of bags (primary units) of fertilizer 
from eacli of which trierfuls (secondary units) may be drawn. Other examples 
of primary units are the sublots of product or material produced at different times, 
or under different conditions; the individual carloads in a train; the quantities 
discharged from a bulk-weighing hopper, or (tom a conveyer bell in successive 
equal time periods. Both primary and secondary units constitute statistical uni- 
verses. The number of secondary units required for a specified precision may be 
significantly less ^ in two-stage sampling than in single-stage sampling. A common 
type of two-stage sampling plan is the designation of the number, n, of primary 
units to be randomly selected from the lot and the number, k, of secondary units 
to be randomly drawn from each of the n selected primary units. The number, n, 
may be calculated from Eq. 2-3 when, as is usually the case, is not very large 
compared to n and k is small compared to N^- 


“'(f) + 


(2-3) 


where n = the number of primary units to be selected at random, 

N =s the number of primary units in the universe, 

f. = the optional number of secondary units to be drawn at random from each of 
the n selected primary units, 

Ou — the advance estimate of the average standard deviation of the secondary units 
tviihin the primary units, 

Ob s= the advance estimate of the standard deviation of the primary units, and 
E and t are as previously defined. 

From Eq. 2-3 it is evident that more than one value of n is possible for a speci- 
heU precision, dependins on the particular value of k preferred. Under a given 

onVar’i unherraarc mii'ar™" ”''™ ot the primary and sec- 
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set of conditions, one value of k is most economical, 
ciliated from Eq. 2-4. 


This value, may be cal- 


fce = 



(2-4) 


where Ci = average cost of selecting and handling a primar>' unit, 

C 2 = average cost of taking and handling a secondary unit (including cost per 

test ivhen the sample is not composited). 


ESTIMATION OF SAMPLE PRECISION FROM THE TEST 

RESULTS 

Equations 2-1 and 2-.^ arc predictions of sample size required for a specified 
level of precision. They are Iiased on advance estimates of the standard devia- 
tions. After a probability sample has liccn drawn, the actual sampling piecision 
achieved may be judged, provided that each unit is tested individually. Eqtia- 
tions 2-1 and 2-2 may be combined and rearranged as follows: 

(2-5) 

Equation 2-3, ivhen rearranged, is 


In Eq. 2-5 and 2-6, the standard deviations are those calculated from the test 
data (corrected, if necessary, for tlie precision of the tests), so that the nciv' i-aluc 
of E is independent of any error in the advance estimate. 

RANDOM SELECTION 

Calculation of the precision of a sample is possilile only if the selection of the 
sample units from a universe is made "at random.” This term does not mean 
haphazardly; on the contrary, random selection is a definite, rigorous procedure 
which insures that each item or unit in the particular universe being sampled has 
an equal chance of being selected. The universally accepted process for random 
selection is the assignment of a unique number to each unit and the use of a 
table of random numbers to designate the specific units to be selected. Mechan- 
ical devices for generating random numbens, such as roulette wheels, cards, or 
dice, are acceptable provided they have been tested to assure the absence of bias. 
Numbering of units may be actual, as in serially numbered bales or other pack- 
ages, or by rule. For packages stored in a warehouse, the imle might be based 
on serial numbering of rows, columns, and tiers. Similarly, within a package the 
rule might be based on the assignment of numbers to, say, front, middle, and 
back, top, middle, and bottom; and left and right. For random sampling at or 
through a surface, a set of templates with randomly located openings is often 
suitable. The particular process used in a given situation must be practicable 
and economical, but randomness in selection cannot be waived if known and 
controlled precision is to be achieved. 
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DIFFICULTIES ENCOUNTERED IN PROBABILITY SAMPLING 
OF MATERIALS 

Probability sampling is at times raUier difficult or expensive. Some of the dif- 
ficulties encountered, and how they may often be reduced or overcome are: 

1 Lncfe o/ Prior /n/omiation.-There may be little information on the nature 
of the distribution of the tlesired property in the lot of material, or on the mag- 
nitude of the standard deviations. This is particularly true of raw materials and 
bulk commodities. The examination of previous data may often supply approxi- 
mate but adequate estimates. Special statistical studies may be required. More 
and more, the results of such studies on a wide variety of products are being pub- 
lished and may be found to be applicable to the case at hand. 

2. Physicnl Di/ficiiIties.-Bccause of the physical nature, condition, or location 
of the material at the time of intended sampling, tlie essential requirement of 
randomness in the selection of units may be impossible or economically not fea- 
sible. Units in the interior of a large pile of coal, for example, are not accessible 
and so do not ha\e an equal chance of being drawn into the sample. Under such 
circumstances, no probability sample is possible. One solution to such a difficulty 
is to sample the material before it is piled up. while it is in motion, perhaps on 
a conveyer belt where random selection is possible. Planning lor sampling at the 
proper time and place is too often overlooked. 

5. Excessive Cost.— To achieve the desired and necessary degree of sample pre- 
cision may require the selection of so large a number of units that the direct and 
indirect costs are prohibitive. Since the tiumber increases as the square of the 
standard deviation, great economy results from the reduction of the variability 
between units. Mixing and blending are extremely effective in reducing variabil- 
ity but are infrequently possible with large lots of material. Two-stage sampling, 
especially where the most economical value of has been calculated by Eq. 2-4, 
reduces sampling cost. For bulk mateiials. the nature of the sampling device and 
tlie procedure folloived often have a great bearing on the variability of the units 
produced; for example, tubefuls taken perpendicular to the layers in a stratified 
liquid or powder have a lower standard deviation than (a) similar portions taken 
ihroughovii the lot but parallel to the layers, or (b) the portions taken at random 
spots by means of a probe. Incidentally, it should be noted that if, in the pre- 
ceding example, the layers are relatively uniform compared to the variability 
between layers, a reduction in tube diameter does not materially increase the 
standard deviation of the sample units but does effect a great reduction in their 
volume and weight. Finally, certain forms of transportation of some classes of 
maten.il sometimes effect a mixing, sometimes a segregation. In the latter case, 
advantage may be taken of this condition to effect sample reduction by physically 
treating the lot as two sublots. 

I’KOIiABILITY SAMPLING FOR PROPERTIES OTHER THAN 
AN AVERAGE 

The preceding discussion has been concerned primarily with sampling for tlie 
determination of an average property, such as percentage of a constituent or Btu 
per pound. Probability sampling for die determination of other characteristics, 
such as degree of variability, has not been specifically covered. The general prin- 
ciples and practices outlined above are, however, applicable, and the mathematical 
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theory of probability can provide, for such samples, valid estimates of the precision 

achieved and tlie size of sample (number of units) required. 
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SAMPLING OF SOLIDS 

By Walter W. Anderson 

Commercial Testing and Engineering Co. 
Chicago, III. 


INTRODUCTION 

Within the larger confines of activities that necessitate sampling, such as in 
problems of exploration, research, quality control, or the purchase and sale of 
materials, a specific purpose of sampling exists for eacli particular situation. 1‘or 
example: 

1. One may wish to learn the average quality and the extremes of quality. 

2. One may desire only to determine the fraction of the items that meet or fail 
to meet a specified requirement without regard to their average quality. 

3. One may want to accumulate a series of test results to be used for a guide 
to rational action concerning a production process. 

No single plan of sampling can meet these various sttuaiions most efficiently 
and economically, because of the many sampling techniques available for consid- 
eration in planning a sampling program. Nevertheless, the governing elements 
of any sampling situation can be summarized as follows; 

1. The purpose of sampling. 

2. The physical form ni whicli the material is available. 

3. The accuracy required m the sampling of (he material. 

4. The variability of the material to be sampled. 

5. The minimum acceptable amount or weight of increment. 

G. The minimum acceptable number of nicremenis. 

7. The minimum number of samples. 

8. Preparation of die sample for subsequent testing. 

These phases of the problem are inter related, but can be considered separately 
to assess (heir individual significance. 

The first three items cover known facts or decisions whidi influence the de- 
termination of the correct answers to items 5, 6, and 7, and sometimes 8. Item 4 
must either be known or ascertained by appropriate means as discussed in the 
section on “Probability Sampling.” 

MINIMUM AMOUNT OR AVEIGHT OF INCREMENT 

Sampling of solids that are uniform in size, such as standard size or king-size 
cigarettes of a particular brand, present no minimum weight problems in their 
selection for testing, but only the number which must be tested for the determina- 
tion of quality for a particular lot. 

In contrast, solids, such as unscreened crushed stone, have so many different- 
sized pieces that sampling by selection of individual pieces would be unwise if 
not impossible, since the sampler often has no way of knowing the relative pro- 
28 
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Dortions of the various size pieces in the lot. The practical way of sampling 
Llids composed of mixed sizes is by the removal of increments or poitions from 
the lot by means of a shovel or scoop or by passing a collecting tub, trough, scoop, 
bucket through a moving stream of the material. A mechanical arrangement 
for accomplishing this type of sampling is shown in kig. 2-1. 



Fig. 2-1. Diagram of Arrangement for Sampling Dry Materials. Materials may be sam- 
pled falling from a chute as shown, or from a conveyor head pulley. (Courtesy of the 

Galigher Compauv.) 

Accurate incremental sampling requires that the minimum weight of increment 
be sufficiently large so that all particles, regardless of size, have their fair chance 
of being included in the increment. In order to assure the attainment of this 
objective, the following two rules are used by experienced samplers for guides to 
minimum weight of increment: 

1. When sampling from a moving stream by passing a collecting container 
through the stream, the inlet opening of the collecting container must be at least 
three times the size of the largest piece in the lot to be sampled. 

2. When sampling aggregates at rest, as from a bin, the minimum weight of 
increment in kilogiams must be 0.05 times the top particle size measured in milli- 
meters. 
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MINIMUM NUMBER OF INCREMENTS 

Once an adequate weight of increment lias been determined, the minimum 
number of increments to be analyzed separately can be learned by the use of 
Eq. 2-1, 2-2, 2-3, and 2-4 in the section on “Probability Sampling.” 

This procedure is rather simple to apply to disaeet objects which are tested 
indiridually, as in the case of the deierminaiion of tensile strength of bolts or the 
compressive strength of concrete cylinders. 

On the other hand, many materials are tested by analyzing a physical composite 
sample composed of a number of increments collected from various parts of a 
shipment and combined for their average chemical analysis. Examples are found 
in the anal>sis of steel drillings combined from a number of holes drilled in a 
specimen or in the analysis of an iron ore sample made up of the accumulation 
of a number of increments collected from the hold ol a ship. 

Combining increments physically into composite samples is an economical way 
of reducing the work load in a laboratory because it is obviously less work to make 
a single analysis for the average quality of a composite sample than to analyze 
eadi increment separately and average tlieir results aritlimetically. Yet, it is well 
to remember that the accuracy of the final average is not the same in the two 
cases heoiuse the variance of analysis prevents the average analysis of the com- 
posite sample from being as accurate as the arithmetic average of the analyses of 
the individual increments. In the latter case, the variance of analysis is reduced 
in accordance with the number of increments analyzed by the laboratory. 

Many times the variance of analysis is relatively small in comparison with the 
total variance of the material; but large or small, the law of diminishing returns 
applies to the practice of combining increments into composite samples. The 
exact effect must be learned by trial with proper statistical interpretation. 

Reflection on this truth leads to the additional conclusions that; 

1. The greater the variance of analysis, the less benefit can be secured by com- 
bining an increasing number of iiicremems. 

2. The smaller tlie variance of the material sampled, the less benefit can be ob- 
tained by combining an increasing number of increments. 

Thus, in cases where it is desirable to reduce analytical costs by analyzing com- 
posite samples, the variance of analysis should be determined in order to calculate 
the most economical number of incremciits in any particular sampling situation. 
Actually, of course, veteran samplers often know these numbers from experience. 
Unexperienced persons must make some tests to estimate the variances of analysis 
that accompany various types of materials. 

MINIMUM NUMBER OF SAMPLES 

Many times the accuracy required in sampling is impossible to attain by the 
collection and analysis of a single sample because the variances of the material 
aud/or the techniques ol lesiiivg are so great that a single test on one discreet 
specimen, or a single test on a composite of many increments, will not provide a 
precision variance witliin the required variance. In such cases, additional samples 
must be tested. ^ 

This^phase of sampling can be demonstrated in conjunction vvitli the data in 
Table 2-2. Frcquenil). solid fuel coiitmcts specify a change in price for every 
change in heat content of 25. 50. or 100 Btu. In terms of variance, these values 
are about 39, 156, and 625. 
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Table 2-2. Heat Content, Btu per Lb. 


Dijfer- 


Increment 

Test #7 

Test §2 

ence 

1 

14000 

14020 

-f20 

2 

14100 

14080 

-20 

3 

14160 

14140 

-20 

4 

14200 

14220 

-1-20 

Average 

14115 

14115 


Horizontal V ariance = 

200 = 


Analysis Variance 




Vcrtical Variance = 7200 = 
Variance of Material 
Sampled. 


Total Variance = 7400 = ob- 
served Variance in each test run. 


In order to determine the most economical number of increments and number 
of samples to test, a chart should be constructed from the known data, riguic 2-2 
illustrates tlie problem, the rc.sults being plotted from Table 2-3 and tlic specified 
accuracy s'ariances. 



Fig. 2-2. Relation of Specified Variance to Number of Increments and Samples fHeat 
Content of luel— Biu). (Courtesy ASTM.) ^ ' 
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Table 2-3. Distribution of Variance According to Number or 
Increments Composited 


Sr 


Sm- . 


where = 7200, and Sa' = 200 


No. oj 
IncremtnU 
1 
2 
4 
10 
20 
40 
100 
200 
400 
1000 


7200 + 200 = 7400 
3600 + 200 = 3800 
1800 + 200 = 2000 
720 + 200 = 920 
360 + 200 « 560 
180 + 200 « 380 
72 + 200 = 272 
36 + 200 = 236 
18 + 200 = 218 
7 + 200 = 207 


Figure 2*2 is plotted on log-log graph paper, and all similar plots require tlie 
proper choice of the number of c)cles as well as the ordinate and abscissa scales. 
Especially important is the need to adapt a superimposed scale and a new set of 
log cycles at the point coinciding svith the choice of number of increments in the 
composited sample. Tim essential feature of the chart is shown by the different 
scales of number of samples applied to 10 and 100 increment composites, respec- 
tively. Points between tlie ends of cycles, such as 20 or 30 increments, require an 
overlay of fresh graph paper so that tlie beginning of a cycle will agree with the 
ordinate of the number of increments selected. Finally, it should be noted that 
the variance lines for arithmetic averages of the analyses of composite samples are 
drawn with a negative 45® line from the intercept of the ordinate of the selected 
number of increments with the asymptotic cune of variance of composites com- 
posed of different number of increments. 

Figure 2-2 shows that a single gross sample composed of 17 increments will pro- 
vide an answer within the specified variance of 625— that is, within a precision of 
100 Btu. To get twice as precise an answer, or a result within 50 Btu or 156 vari- 
ance, requires the analysis of at least two gross samples composed of a minimum 
of 100 increments or the analysis of more than two gross samples composed of 
fewer tlian 100 increments. For a precision of 25 Btu, equivalent to a variance 
of 39, four times as many gross samples are required as for 50 Btu. 

Charts of this type are most useful to the solution of sampling problems wherein 
physical composites are the type of sample tested. 

PREPARATION OF SAMPLES 

Many samples obtained from various types of material require a certain amount 
of preparation before subsequent testing. In this connection, it must be empha- 
sized that preparation means the processing of samples in a manner that makes 
them more satisfactory lor testing without changing their essential characteristics. 
For example, samples of steel drillings may be contaminated with cutting oil which 
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Preparation Analysis Analysis d Aj + *^2 (Aj+Ajj) 

Test No. No. 1 No. 2 Diff. Sum {.Sum) Average 

Knowledge of the values of the several variances in the foregoing equations is 
important to complete an understanding of any specific problem of sample prep- 
aration. On tire other hand, such knowledge is not always available or obtainable 
at the moment, nor is it necessary to the design of many preparation procedures 


Table 2-4. Analysis of Varunce of Table 2«2 Data 



A’l 

Ao 





Test 

Test 

d 

A’, + As 

(A-, + ,y,)= 

Increment 

No. 1 

No. 2 

D,ff. 

Sum 

Average 

1 

14000 

14020 

+20 

28020 

785,120,400 

2 

14100 

14080 

-20 

28180 

794,112,400 

3 

14160 

14140 

-20 

28300 

800,890,000 

4 

14200 

14220 

+20 

28420 

807,696,400 

Total 

56460 

56460 


112920 

3,187,819,200/2 = 1,593,909,600 

Average 

14115 

14115 

Si 

(.V, + .y.)V8 

= (112,920)78 - 1,593,865,800* 


S-V* 796.955,600 796,954,800 DifTcrencc » 43,800 1 

796,955,600 


+ = 1,593,910,400 (Total Sum of Squares — Uncorrecied) 

Correction Factor 

1,593,865,800 


44,600 (Total Sum of Squares — Corrected) 

* Correction factor 
t Material 


Components of Variance 


Source 

Sum of 
Squares 

Degrees of 
Freedom 

Mean 

Square 

Total 

44600 

7 

Material -f* Analysis 

43800 

3 

14600 

Difference (Analysis) 

800 

4 

200 

True Material Variance 

14600 - 200 

7200 


Unit Increment Variance 

= Analysis Variance + True Material Variance 


= 200 4- 7200 




»= 7400 


The equation is: 




( 4 ) 
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since experience has developed rule-of-thumb methods for guidance in preparing 

bulk materials for analysis. . 

Rules for Bulk Samble Preparation.-\. Wlien the gross sample is several times 

lar-er than the product of the mininuim weight of increment times the mininuim 
numbers of increments due to physical conditions causing the weight of incie- 
ments to be several times the required minimum weight, the gross sample may be 
resampled without previous crushing in order to reduce the weight of the gross 
sample, provided that: 


(a) The minimum number of increments in the resampled portion is at least as 
many as those required in die initial gross sample. 

(b) The minimum weight of the increment collected for the resampled portion 
is at least :is much as the minimum weight required for the initial gross 
sample. 

(c'j The size consist of the resampled portion is the same as that in the initial 
gross sample. 


2. The particle size of the pulp to be furnished to the laboratory must be speci- 
fied by the analyst. Chemical analyses usually require very hue size pulps such as 
GO-mesh X 0 for coal. 100 mesh X 0 for iron ore, or 200 mesh X 0 for silicate rocks. 
The rule to follow in cases of this kind is that the variance of reduction can be 
minimized by utilizing as few pieces of preparation equipment as possible, thereby 
limiting the number of operations. 

For instance, a sample of 2 in. X 0 could be crushed to % in. X reduced in 
weight and recrusiiecl to in. X 0. again reduced in weight and recrushed a sec- 
ond time to 20 mesh X reduced in w'eight a third time and finally pulverized 
to an acceptable particle size for the chemist. 

If this four-stage method were supplanted by a two-stage method of crushing 
the 2 in. X 0 to Vs in. X ^ followed by weight reduction and final pulverization to 
the laboratoi 7 pulp, the variance of reduction would be improved. Ordinarily, 
an additional benefit results by minimizing the stages of preparation in that labor 
costs are reduced by curtailing the amount of material liandling. 

3. In contrast, some characteristics of materials may dictate stage preparation. 
For example, loss of moisture from coal or iron ore samples will occur during 
handling operations. Therefore, it is essential that wet samples be dried and the 
moisture loss recorded prior to crushing if moisture is important to the evaluation 
of the material. 

4. At each stage of crushing, tlie retained weight of material after subdivision 
of the crushed product must be more than the weight required in a gross sample 
of the same top particle size. An example would be a required weight of 'uoss 
sample of 25 lb. for a % in. top size of material which would mean that crushing 
of a 1 in. top size of a similar material to % in. X 0 would require at least 25 llx 
in the retained portion of % in. X 0 after subdivision of the crushed product. 

5. The crushers, pulverizers, and sample dividers used in bulk sample prepara- 
tion should be designed to prevent loss of sample while in process and preclude 
bias due to particle segregation during subdivision. A corollary requirement is 
that all equipment should be constructed for easy access so that inspection and 
cleaning can be done with minimum dismantling of parts. 

Eqidpment.~lUny types of mechanical equipment are suitable and available for 
preparation of samples of bulk solids. Primary crushing of soft to medium hard 
materials is done most often with hammer mills, whereas harder materials usually 
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require jaw or gyratory crushers. Secondary crushing frequently can be accom- 
plished with primary mills set to a smaller disdiurge opening. Roll mills are 
good for brittle materials, but not for lough tabular particles. Pliable solids, such 
as agricultural products, paper products, or woody products, need slicing or cliop- 
ping mills. Fine grinding and pulverizing of soft or brittle materials can be ef- 
fected by high speed hammer mills, but hard tough materials may require ball 
mills or even a mechanical mortar and pestle. All of these items are stocked by 
one or more of the Urge laboratory supply companies. 

Equipment for subdividing or reducing the r\eight of sample also is available 
from one or more sources of manufacture or sale. RiiHe splitters for manual di- 
vision of bulk materials are probably used more than any other device for sample 
weiglu reduction because rifhes are portable as well as cheap in comparison with 
the cost of mechanically powered dividers. Riffle splitters are stocked hy most 
laboratory supply companies- 

Mechanical sample dividers axe machines whtdv cause the sample to flow in a 
ribbon pattern (usually in a vertical direction) past some point in tlie machine 
where the ribbon of material can be intercepted periodically by a sample cutter. 
Essentially, tliere are three types of cutlers which travel horizontally and at right 
angles to die streams of material being divided: 

1. Reciprocating 

2. Rotary 

3. Combination reciprocating and rotary 

Reciprocating cutters are mounted on. or suspended from, a horizontal shaft, 
and travel in a straight line back and forth Uirough the stream. In contrast, ro- 
tary cutters are attached to a vertical shaft which revolves the cutter through die 
stream. Combination-type cutters are reciprocating flap gates which are hinged at 
one end and develop maximum travel at the other end. The diagrams in Fig. 2-S 
demonstrate the flow of material through various types of mechanical dividers. 

Any of these cutters will perform satisfactorily if correctly installed and prop- 
erly maintained, provided that die variability in die ribbon of material inter- 
cepted by the cutter is sequential from start to finish rather than segregational 
from side to side of the flow. If die stream has segregation from side to side, 
reciprocating cutters should be used because their straight line movement cuts 
equal percentages from all parts of the intercepted band of material. Rotary 
cutters and flap gates generate pie-shaped cuts which can cause bias in the retained 
sample if segregation is present in the sample stream at the time of interruption 
by the cutter. 

Unfortunately, the user seldom knows ahead of time that side to side segregation 
will not be present, nor can he be sure that periodic cyclical patterns of variability 
111 the stream will not coincide with cutter movements. Hence, it is imperative 
that every installation for medianical sample reduction to be checked for possible 
bias in operation. 

Equipment Check Tes/r.— Several practical rules, learned from experience, have 
been accepted by veteran samplers as quia guides to acceptable design of macliine 
splitters: ° 

1. The minimum distance between cutting edges of the sample slot or cutter 
sliould be tltree times tile maximum particle sire of the material sampled. 
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9. The cutter should travel at a uniform rate through the 
completely out of the stream at each sampling. 


whole stream 


and 




(b) Rotary Cutter (s) 




(c) Rotating Hopper and Spout Rotating Cone (s) 

Fig. 2-3. Mechanical Sample Dividers. Proposed by ASTM Committee D-5. 

(Courtesy ASTM.) 


3. The intei-val between cuts should be constant for any single sample re- 
duction. 

4. The depth of cutter should be large enough to prevent overflow. 

5. The speed of the cutter must be adjusted to the flow of the stream to pre- 
vent overflow at too low speeds and to preclude splashing at too high speeds. 
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6. The feed to the cutter must be uniform and at a steady rate. 

7. SpiJJage, drippage, or leakage of material into the cutter between sample 
periods must not occur. 

In addition to these physical requirements for satisfactory machine sample di* 
viders, the retained and reject portions from each machine should be tested regu- 
larly to determine that no signiRcant difference in quality or size consist exists 
between them. 

The definition of "significant differente" is a matter of personal opinion, for 
the simple reason tliat any difference can be proved to be significant statistically 
if sufficient data are gathered. Therefore, the evaluation of tests on retained and 
reject splits can be judged from experience svith similar materials, or allernatuely. 
a series of tests can be analyzed by statistical techniques known as "t” and "F" 
tests, the details of which can be learned from many textbooks on elementary 
statistics. 
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GENERAL REQUIREMENTS AND PRECAUTIONS 

It ivill be the purpose of tins chapter to describe adeciuate procedures for ob- 
taining representative samples of homogeneous litjuids under the most fiecjucntly 
encountered conditions. Samples taken in accordance witii these pioccduies will 
be reliable enough to permit judging acceptability in terms of specifications; they 
will be more than adequately representative for identification purposes. Pro- 
cedures that allow detection of the common contaminants (water and dirt) are also 
described. 

The universal requirements for taking good samples are cleanliness, preserva- 
tion of sample composition, positive identification of samples, and scrupulous care 
of sampling apparatus. Precautions that pertain to safety and the preservation of 
samples during handling, transportation, and storage must be observed at all times. 

If sampling tasks are assigned to untrained personnel, there is a lively danger 
that dte samples will not be representative. As a consetpience, the elfort of anal- 
ysis and testing may be wasted and erroneous acceptance or rejection of material 
can result. The costs of wasted labor and material are usually sufficient to justify 
die necessary investment for properly training and equipping the sampling per- 
sonnel. An analysis can be no more reliable than the sample; precision in sam- 
pling must precede precision in testing. 

Cleanliness denotes the rigorous e.xdusion of foreign material from apparatus 
and containers before and during sampling. It is good practice to inspect all 
sampling devices and apparatus immediately before use to confirm that they have 
not gotten dirty or contaminated. Sampling connections should be rinsed and 
wiped externally just before use, and should be flushed internally with enough 
of die material to be sampled to displace the contents of the connections. The 
sampling apparatus should be filled and allowed to drain before drawing the 
actual sample. Likewise, the sample container should be rinsed and drained be- 
fore it is filled widr the actual sample. 

Clean hands are important. Gloves should not be worn except when abso- 
lutely necessary, such as in cold weather, or when handling hot materials, or for 
reasons of safety. When gloves are necessary, clean gloves must be used. 

Preserving sample composition requires knowledge, judgment, and skill. Vola- 
tile samples must be protected against evaporation. If the material being sampled 
contains solid particles or droplets of an immiscible liquid, care must be taken 
that all such particles or droplets are transferred to the sample container. The 
sample must not be allowed to solidify (or melt) during tlie sampling operation. 
Dissolved or entrained gases should not be allowed 'to escape, if they are present. 
Likewise, it is often important to avoid entraining air in the sample while trans- 
ferring it from the apparatus to the final container. 
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Identification of samples must be complete, clear, and permanent. Label the 
container immediately after a sample is obtained. Use waterproof and oil-proof 
ink or a pencil hard enough to dent the tag. since soft pencil and ordinary ink 
markings are subject to obliteration from moisture, smearing, and handling. In- 
clude tlie following information: 

Date and time (and for continuous and dipper samples tlic hour and minute of 
collection); 

Name of the sampler; 

Name or number and owner of the container; 

Brand and grade of material; and 

Reference symbol or identification number. 

Handling and transporting samples properly entails protection against break- 
age, evaporation, leakage, exposure lo light, and entry of dust or moisture. To 
allow for expansion and contraction of the liquid, never fill a sample container 
more than 80% full. To protect against evaporation and leakage or the entry 
of moisture or dust, cover the stoppers of glass bottles with plastic caps that have 
been swelled in water and wiped dry; place the caps over tlie tops of the stop- 
pered bottles and allow them to shrink tightly in place. Tins and cans may be 
similarly protected by an inner scaling disk tightly inserted in the opening: the 
screw cap is then tightened securely. If the material is known to be light-sensitive, 
or even not known not to be light-sensitive, opaque containers or brown bottles 
should be used. If clear bottles are used of necessity, they sliould be wrapped 
with opaque paper immediately. Samples should be packed in cartons or boxes 
as a precaution against breakage or other damage. 

TERMINOLOGY 

There are several diflerent kinds of samples tliat may be used separately or 
composited to represent the entire quantity of liquid being examined: 

i'ln Average Sample is one that consists of proportionate parts from all sections 
of the container. 

An All-Levels Sample is one obtained by submerging a closed sampler to a point 
as near as possible to die draw-off level, then opening die sampler and raising it 
at a rate such that it is about ^ full as it emerges from the liquid. An all-levels 
sample is not necessarily an average sample, because the tank volume may not be 
proportional to the depth and because the operator may not he able to raise the 
sampler at the variable rate required for the proportionate filling. The rate of 
filling is proportional to the square root of the depth of immersion. Tlie tube 
sampling procedure (see page 45) may be used to obtain an all-levels sample from 
a barrel or drum. 

An Upper Sample is one obtained from the middle of the upper diird of the 
tank contents. Fig. 2-4. 

A Middle Sample is one obtained from the middle of the tank contetits. Fig. 24. 

A Lower Sample is one obtained from the middle of tlie lower third of the tank 
contents. Fig. 2-4. 

A Single Tank Composite Sample is a blend of the upper, middle, and lower 
samples. For a tank of uniform cross-section, such as an upright cylindrical tank, 
the blend consists of equal parts of the three samples. For a horizontal cylindrical 
tank, the blend consists of the three samples in the proportions shown in Table 2-5. 
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Table 2-5. Sampling Instructions for Horizontal Cylindrical Tanks 


1 

Liquid 

Depth, 

Per Cent of 

Sampling Level, 1 

Per Cent of Diameter 

Above Bottom 

Composite Sample, 
Proportionate Parts of 

Diameter 

1 1 

1 1 1 


Upper Middle Lower Upper Middle Lower 
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A Multiple Tank Composite Sample (Sftip, Barge, etc.) is a blend ofindividual 
all-level samples, from each compartment tliat contains the liquid being sam- 
pled, in proportion to the volume of matcriaf in each compartment. 

A Top Sample is one obtained 6 in. below the top surface of the tank contents, 
Fig. 2"4- 

An Outlet Sample is one obtained at the level of the tank outlet (citlicr fixed 
or a swing line outlet), Fig. 2-4. _ 

A Continuous Sample is one obtained from a pipeline conveying the material in 
such manner as to give a representative average of tiie stream iliroughout die 
period of transit. 

A Dipper Sample is one obtainetl by placing .1 dipper or other collecting vessel 
into the path of a free-flowing stream so as to collect a definite volume from the 
full cross-section of the stream at regular time intervals for a constant rate of 
flow, or at some time interval varied in proportion to the rate of flow. 

A mixed Sample is one obtained after mixing or vigorously stirring tlie con- 
tents of the original container, and then pouring out or drawing off the quantity 
desired. 

A Tube or Thief Sample is one obtained with a sampling tube or special thief, 
either as a core sample, or a spot sample from a specified point in the container. 

A Drain Sample is one obtained from the draw-oll or discharge valve. Occa- 
sionally. a drain sample may be die same as a bottom sample, as in tlic case of a 
tankcar. 

A Bottom Sample Is one obtained from the material on tlic bottom surface of 
the tank, container, or line at its lowest point. Fig. 2-4. {Drain and bottom sam- 
ples are usually taken to check for water, sludge, scale, etc.) 


MANUAL SAMPLING PROCEDURES 
In dlls section are outlined five commonly used procedures for sampling homo- 
geneous liquids. The first two (bottle s<impling and tap sampling) arc almost 
solely for taking representative samples. The third and fourth (thief sampling 
and tube sampling) are useful for detecting contamination and arc also suitable 
under proper circumstances for taking rcprcsentati\c s.imples. The fiflli (dipper 
sampling) is useful for sampling open streams, and is most often employed when 
one wishes to obtain an instantaneous or "grab’* sample. 

These procedures are adequate for normal sampling needs, but no attempt is 
made to cover unusual situations. Alertness, care, and good judgment must be 
constantly exercised to recognize and deal with unexpected conditions. 

The Bottle-Sampling Procedure is applicable for sampling liquids in tanks, 
tanktrucks, tankcars, ships, and barges. Solids or semiliquids that can be liquefied 
by heat may be sampled by this procedure provided they are liquids at the lime 
of sampling. A suitable sampling bottle assembly is shown in Fig. 2-5. The open 
neck of the bottle should be at least in. in diameter for liquids of low viscosity, 
such as aromalic solseius, most aqueous solutions, gasoline, kerosene, and diesel 
ue s. le opening should not be less than 1% in. in diameter for sampling more- 
viscous materials such as lubricating oils, fuel oils, plasticizers, and thixotropic 
susjiensions. ‘ ^ 

f coppered bottle as near as possible to 

the draw-off level, pull out the stopper with a sharp jerk of the cord or chain 
(nousparkiug), and raise the bottle at such a rate that it is about H lull as it 
emerges from the liquid. Stopper and label the bottle immediately. 
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Upper, Middle, and Lower Samples. Lower the weighted, stoppered bottle to 
die proper depths, Fig. 2-4, which are as follows: 


Upper sample middle of upper third of the tank contents. 

Middle sample middle of the tank contents. 

Lower sample middle of lower third of the tank contents. 


Pull out the stopper with a sharp jerk of the cord or chain (nonsparking) and 
allow the bottle to fill completely at the selected level, tis evitlenced by the cessa- 



LB. 

lead 

WEIGHT 



1 QUART WEIGHTED 
bottle Catcher 

fabricated 

TO FIT ANY SIZE 

bottle ) 

Fic. 2-5. Assembly for Bottle Sampling. (Courtesy ASTM.) 
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to opposite sides oi the tube at the upper end are convenient for holding it by 
slipping two fingers through the rings, tlius leaving Uie thumb free to close the 

^To fample a barrel or a drum, stand it upright and sample from llie top. If 
the detection of water, rust, or other insoluble contaminants is desired, let the 
barrel or drum remain in this position long enough to permit tlie contaminants 
to settle. Remove the bung and place it beside the butig hole with the oily side 
up. Close the upper end of the clean, dry sampling tube with the thumb, and 
lower the tube into the oil for a deptJi of about 1 ft. Remove the tliumb, allow- 
ing oil to flow into die tube. Again close the upper end with the thumb and 
wididraw die tube. Rinse the tube with the oil by holding it nearly horizontal 
and turning it so tliat die oil comes in contact with that part of the inside surface 
which will be immersed when the sample is mken. Avoid handling any part ol the 
tube diat will be immersed in the oil during the sampling operation. Discard 
the rinse oil and allow the lube to drain, insert the tube into die oil again, 
holding the thumb against the upper end. (If an all-levels sample is desired, insert 
the tube with the upper end open.) When the tube reaches the bottom, remove 
the liiumb and allow the tube to fill. Replace the thumb, withdraw the tube 
quickly and transfer the contents to the sample container. Do not allow the hands 
to come in contact with any part of the sample. Close the sample container; re- 
place and tighten tlie bung in die drum or barrel. Label the sample container 
and deliver it to the laboratory. 

Obtain samples from cans of 5-gal. capacity or larger in the same manner as 
from drums and barrels, using a tube of proporiion.itely smaller dimensions. 

For cans of less tlian 5-gat. capacity, use the entire contents ns the sample, se- 
lecting cans at random as indicated in Tabic 2-6 or in accordance with agreement 
between the purcliascr and die seller. 


Table 2-6. Minimum Number of Packages to Be Selected for Sampling 


No. of Packages 

of 
Pack, 
ages 
to Be 
Sam- 

No. of Pack- 

No. of 
Packages 
to Be 

No. of Pack- 

No. of 
Packages 
to Be 

in the Lot 

pled 

ages in the Lot 

Sampled 

ages in the Lot 

Sampled 

1 to 3 

all 

513 to 729 

9 

2745 to 3375 

15 

4 to 64 

4 

730 to 1000 

10 

3376 to 4096 

16 

65 to 125 

5 

1001 to 1331 

11 

4097 to 4913 

17 

126 to 216 

6 

1332 to 1728 

12 

4914 to 5832 

18 

217 to 343 

7 

1729 to 2197 

13 

5833 to 6859 

19 

344 to 512 

8 

2198 to 2744 

14 

6860 or over 

20 

Sampling Pracedure is applicable for sampling liquids and semi- 
quids where a free or open discharge stream exists, as in small filling and transfer 
cans t^metcr or less) and Ailing apparatus for barrels, packages, and 


3 flared bowl and a handle of convenient length, made of 

should In * *^-*^^* affect the product being tested. It 

^ould have a capacity suitable for the amount to be collected (see next para- 
graph) and must be protected from dust and dirt when not being used. 
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Insert the dipper in the free-flowing stream so that a portion is collected from 
the full cross-section of the stream. Take portions at time intervals chosen to 
collect a complete sample proportional to the tjuanlity transferred. Tlic gross 
amount of sample collected should be approximately 0.1%, but not more than 
40 o-aL, of the total quantity being .sampled. Transfer the portions into a clean, 
dry sample container of the desired size as soon as collected. Keep the containei 
closed, except when pouring a dipper portion into it. 

As soon as all portions of the sample have been collected, close and label the 
sample container, and deliver it to the laboratory. 

CONTINUOUS SAMPLING 

A number of mechanical sampling devices are in accepted use to withdraw 
samples from streams llotving in pipes. Where samples are needed from contin- 
uous processes, or to represent very large volumes (such as pipeline batches or 
transfers to or from tankships), automatic samplers are nearly indispensable. An 
installation for continuous sampling comprises 


45“ BEVEL 



Ijl 1 /a- 1/4" PIPE 


TO RECEIVER 
OR SAMPLER 


END REAMED TO 
yA SHARP EDGE 



1/8 -1/4' PIPE 


TO RECEIVER 
OR SAMPLER 


HOLES OR SLOTS 
/PACING UPSTREAM 



l/8"-l/4“ PIPE 


T 

TO RECEIVER 
OR SAMPLER 


(A) (8) (C) 

note: PROBE MAY BE FITTED WITH VALVES OR PLUG COCKS. 

PROBE MAY BE DISPOSED HORIZONTALLY OR VERTICALLY. 


PROBES FOR CONTINUOUS SAMPLING 



t 

FLUSH OR 
DRAIN 


I 1 

AUTOMATIC I 
I SAMPLING DEVICE 1 
I (IF USED) 



ZZ3 

RETURN LINE 
OR DRAIN 


SAMPLE 

receiver 


(D) TYPICAL ASSEMBLY FOR CONTINUOUS SAMPLING 
Fic. 2-8. Continuous Sampling. 


A sampling probe to withdraw from the flow stream a portion that will be repre- 
sentative of the entire stream. Commonly used probe designs are as follows: 

(1) A tube extending to the center of the line and beveled at a 45“ angle faciim 

upstream. ® 

(2) A long-radius forged elbow or pipe-bend extending to the center line of the 

p pe and facing upstream. The end of the probe should be reamed to give a 
snarp entrance edge. “ 
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/3) A tube extending across the pipeline with holes or slots lacing upstream. 
The position and size of the probe diould be such that it will minimize stratifica- 
tion and the dropping-out of heavier particles within the lube as well as displace- 
ment of oil within the tube as a lesult of variations in gravity of the flowing stream. 

(4) To control the rate at which the wmj>le is withdrawn, the probe or probes 
should be fitted with valves or plug cocks. 

Automotic Sampling Devices may be classified under the following headings: 

Time Cycle (Nonproportional) Continuous Samjilcr. A sampler designed and 
operated in such a manner that it transfers equal increments of liquid from Uie 
pipeline to the sample container at a uniform rate of one or more increments per 
minute is defined as a continuous sampler. 

Time Cycle (Nonproportional) InicrmlitciU Sampler. A sampler that is de- 
signed and operated in such a tnaniicr that It transfers equal increments of liquid 
from a pipeline to the sample coiuainer at a uniform rate of less than one incre- 
ment per minute is defined as an intermitieiii sampler. 

Flow-Responsive (Proportional) Sampler. A sampler that is designed and oper- 
ated in such a manner tliat it will automatically adjust llie (juantiiy of sample in 
proportion to the rate of flow is defined as a flow-responsive (proportional) sam- 
pler. Adjustment of the quantity of sample may be made cither by varying the 
frequency of transferring equal increments of samjilc to the sample container, or 
by varying Uie volume of die increments while maintaining n constant frequency 
of transferring the increments to the sample container. 

The Receiver is a clean, dry container of convenient size to recehe die sample. 
All connections from the sample probe to the sample container must be free of 
leaks. Two types of container may be used, depending upon service requirements: 

Atmospheric Receiver. The atmospheric receiver is constructed in sudi a way 
that It retards evaporation loss and protects the sample from extraneous material 
such as rain, snow, dust, and trash. The construction should permit cleaning, in- 
terior inspection, and complete mixing of the sample prior to removal. The re- 
ceiver should he provided with a suimblc \em. 

Closed Receiver. The closed receiver is constructed in such a manner tliat it 
prevents evaporation loss. The construction must permit cleaning, interior in- 
spection, and complete mixing of the sample prior to removal. The receiver 
should be equipped with a pressure relief valve. 

A Nonautomatic Sample.— To obtain a nonautomatic sample, adjust the val\e 
or plug cock from the sampling probe so tliat a steady stream is drawn from die 
probe. Wherever possible the rate of sample withdrawal should be such that the 
velocity of liquid flowing through the probe is approximately equal to the aver- 
age linear velocity of the stream flowing tlirough the pipeline. Measure and re- 
cord die rate of sample withdrawn as gallons per hour. Divert the sample stream 
to the sampling container continuously or intermittently, to provide a quantity of 
sample that will be of sufficient size for analysis. Label the sample and deliver 
It to the laboratory in the container in which it was collected. 

An Automatic Sample.— To take an automatic sample, purge the sampler and 
the sampling lines immediately before the start of the sampling operation. If the 
samp er design is such that complete purging is not possible, circulate a continuous 
stream from die probe past or through tlie sampler. Withdraw the sample from 
the side stream through the automatic sampler, using die shortest possible connec- 
tions. Adjust the sampler to deliver not less than one and not more than 40 gal. 
of sample during the desired sampling period. For time-cycle samplers, record 
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die rate at which sample increments were taken per minute. For flow-responsive 
samplers, record the proportion of sample to total stream. Label the samples 
and deliver them to the laboratory in the containers in which they were col- 
lected. 

When samjjling semiliquids, heat the sampler lines, sampler, and receiver to a 
temperature just sufficient to keep the material liquid and to assure accuiate op- 
eration of the sampling devices. 

Deviations in Quantity of Sample.-Vor time-cycle samplers, deviations in quan- 
tity of the sample taken should not exceed ±5% of the average rate for a given 
setting. For flow-responsive samplers, the deviation in quantity of sample taken 
per thousand gallons of flowing stream should not exceed ±5% of the chosen 
average. 

SAMPLING HETEROGENEOUS LIQUIDS 

By far the most difficult sampling problems are those involving heterogenous 
liquids. These problems are encountered more often than at first might be sup- 
posed. The most common case is that of estimating the amount of contamination 
in a nominally homogeneous fluid, after contamination has been found. Similarly, 
one may wish to know if undissolved solids or unreacted liquids are present at a 
given stage in the processing of a material. Samples ai'e sometimes needed to study 
progress in the settling of a mixture. 

Unfortunately, there are are no established procedures for obtaining representa- 
tive samples from multiphase liquids or liquidrsolid mixtures. Increasing atten- 
tion is being given to this type of problem, but very little is known about any 
except the simplest cases. 

For relatively small quantities, very vigorous mixing can be employed just prior 
to sampling by one of the procedures described under ‘‘Manual Sample Pro- 
cedures." This expedient is limited to cans, drums, arid very small tanks. It is 
good practice to obtain at least three samples and perform separate analyses on 
each, in order to give added confidence to the result obtained. 

When sampling from a flowing stream that is known to contain suspended sol- 
ids or immiscible liquids, it is best to separate the suspended material and to col- 
lect only the desired liquid. If one cannot avoid the problem of taking a repre- 
sentative sample from such a stream, consideration has to be given to the linear 
flow rate of die stream, die linear floiv rate in the sampling probe, the concen- 
tration of the particles, their density, average size and size distribution, and the 
location and design of the sampling probe. Each instance must be studied sep- 
arately, and only experimentation can be relied on to provide satisfactorily de- 
signed installations. 

The most recent reseaich on this type of problem has been supported by the 
American Petroleum Institute and is referenced in the bibliography for this chapter. 

STATISTICAL SAMPLING PLANS 

A great deal of attention has been directed since about 1939 to schemes for 
increasing the usefulness of samples in assaying average quality and detectim-^ 
faulty units in production lots. Probability and statistics form the matheniatical 
basis for these schemes. Very substantial amounts of time and effort, not only for 
pTn^plL^""" importantly for analysis, are conserved by applying these 
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Statislica) Ijjaiis, lypicall)'. arc designed for mechanical o]JCratio]is widi great 
lepetitiveness but are equally applicable to sampling a continuous process that 
intolves liquids, or to sampling discrete small volumes such as cans or aerosol 
containers. 
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Chapter 3 


DETECTION OF THE CATIONS 
AND ANIONS 

By Frank J. Welcher 

Professor of Chcmisiry 
Iiuiiana University 
Inelianapolis, Ind. 


SPOT TESTS* 


Introdiictiott.-TlxQ selection of the tests used in preparing this section has been 
based largely on considerations of sensitivity and selectivity. In addition, tests gen- 
erally have been preferred where the necessary reagents are likely to be available 
or easily prepared. In general, the most selective tests are the ones recommended, 
even though more sensitu'e tests are sometimes available. 

Very fevs' qualitative tests are applicable to solutions which might contain any 
or all cations: consequently most tests, even with selective reagents, require either 
a prior separation from possible interferences or the use of suitable masking re- 
agents. Important exceptions, of course, occur in testing special materials where 
ions known to interfere are almost certainly absent. Thus, in establishing the 
identity of a pure substance, interference is rarely encountered. Further, in a 
problem calling for the identification of an element, such as molybdenum in steel, 
no serious consideration need be given to possible interference by metals such as 
gold, platinum, and ruthenium, since it is highly unlikely that any of these ele- 
ments would be encountered in the analysis of steel. 

It should be further noted that in selecting a method for the detection of an 
element, categorical statements regarding possible interference are frequently mean- 
ingless unless the quantity of foreign element present is defined. Therefore, no 
single set of tests can provide the solution to all analytical problems. 

In the tests described below, an effort has been made to include those methods 
in which there is a minimum of interference by elements likely to be present 
along with the element sought. This applies particularly to elements that are 

* The tests described in this section have been adapted from tables prepared for the 
Handbook of .Analytical Chemistry, edited by L. Meites, to be published by McGraw-Hill 
Book Co., New York. Some tests are based on information provided by Philip West 
Louisiana State University. ^ ’ 
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chemically similar, or which belong to the same analytical group. For example, 
in selecting a test (or cadmium it is desirable that lead, bismuth, and copper do 
not interfere, since all these ions are precipitated by hydrogen sulfide from a hydro- 
chloric acid solution and the sulfides are not dissolved by ammonium sulfide or 
sodium hydroxide. In other words, if a simple sulfide separation is used to sep- 
arate cadmium prior to confirming its presence, lead, bismuth, and copper will 
also be present if contained in the original sample. Interference by the alkaline 
earth metals, on the other hand, would be far less serious, since oidmiuin could 
readily be separated from these elements with die aid of liydrogcn sulfide. 

To aid the analyst in devising simple methods for the separation of the ions to 
avoid possible interference, the classical division of the elements into analytical 
groups is given in this chapter (page 63). A more complete separation of the 
individual ions is also described in the scheme of qualitative analysis by Noyes and 
Bray (page 64). 

A number of books and reporu are available which give a more detailed dis- 
cussion of die detection of die individual cations and anions.^ 

Detection of the Catioiii.— The procedure for each test, its sensitivity, inter- 
ference, and other information relating to the test is presented in the following 
style: 

Element (or ion) Detected. Jieagent(s) {Technique). Procedure. Result ob- 
served. Limit of identification (or dilution limit). Interfering substances (method 
or reagent used to eliminate interference shown in parentheses.) 

The following abbreviations are used to indicate the tedinique used: C, crucible; 
FP, filter paper; M, microscope; S, slide; SP, spot plate; TT, test tube; WG, watch 
glass. 


Aluminum. i 4 h 2 annS( 5 P). 1 drop 1 AT NaOH lest solution (AIO 2 '') + drop 0.1% 
reagent solution. Add 1 HAc to dischai^e violet color. Then 1 drop 1 iV HAc. Red 
precipitate or color. Run blank with 1 N NaOH. Sensitivity: 0.65 /ig. Interference: 
Fe(NaOH), Co(NaOH), Cu(NaOH), alkaline earth rociaU in concentrated solutions, 
Ga, Cc(IIl), Be, Ni, Ti, Zr, Th, MoO^, V, F” 

Ammonia (NH4+ + OH~, heat). Ulmui paper. Heat solid NH 4 + salt or test solution 
with 1 drop 2 N NaOH at 40''C. for 5 minutes in closed vessel in which is suspended a 
strip of moist red litmus. Change to blue. Run blank. Sensitivity: 0.01 /tg. Interfer- 
ence: CN”(Hg'*"'')- Alkali metals do not disturb. 

Ammonium. p-Nitrobenzencdiazomum chlonde{SP). 1 drop test solution 1 drop re- 
agent (dissolve 1 g. p-nitraniline in 20 ml. HjO 2 ml. dil. HGl. Add 160 ml. HjO 
with stirring. Cool, add 20 ml. 2.5% NaNOj. Stir. Filter.) Place solid CaO (size of 
pea) between drops Red color immediate. Run blank. Sensitivity: 0.7 ng. Alkali 
metals do not inerfcrc. 


Testj, Inorganic Applications, Elsevier Publishing Co., Amsterdam, 
McAlpine, R. K.. and Soule, B. A., Qualitative Chemical Analysts, D. Van Nostrand 
Co.. Inc., Princeton. 1933; No)es, A. A., and Bray. W. C., Qiialitaliue .inaiysis /or l/ie 
Rare Elements. The Macmillan Company, New York, 1927; Treadwell. F. P.. and Hall, 
xr V Chemistry, Vol. I, Qualitative Analysis, John Wiles and Sons, Inc., 

New tork, 1932; Van Nieuwenburg, C. J., et ah. Tables of Reagents for Inorganic Anal- 
ysts, lirst Report, International Union of Chemistry, Akademisebe VerlagsgeseUschaft, 
Leipzig, 1938; Welcher, F. J., Organic Analytical Reagents, 4 vols., D. Van Nostrand Co., 
Inc., Irmceton, 1948; Wengei, P. E., et ah. Reagents for Qualitative Inorganic Analysis, 
S«ond Report, International Union of Cheniistiy, Elsevier Publishing Co., Ainsteidain. 



SPOT TESTS 


/Antimony. RlwdamineB{SP). In test tube, 5 drops 1:3 H-SO,! + 1 drop lest solu- 
btion + 1 drop 10% KI + 1 ml. benzene.' Shake. On spot plate, 2-3 drops benzene 
extract + 1 drop 0.2% reagent solution. Violet benzene layer. Sensitivity: 0.25 fig. 

lnterl?^^NO«~ (urea), oxidizing agents (Na-iSOiO. 

and V). Zn + HCl + AgNOziTT and FP). In a test tube place 1 drop 
V S^sol utietfT few grains metallic Zn and 3 drops 1:3 H 2 SO 4 . Insert in top of the tube 
cotton soaked with 15% Guod. in 10 4 V HCl and cover tube with filter paper impreg- 
nated with 20% AgNOa solution. Brown-black stain. Sensitivity: 2.5 fig. Interfer- 
ence: Hg(II) may in large amount. If S“, SCN”, SaOs^" and Sb are absent, CU 2 CI 2 
need no” be used. If A1 + KOH are used instead of Zn -f HCl, As(V) and Sb are not 
reduced; hence, As(IIl) is delected in presence of As(V). 

.Barium. H^SO^ + KMnO\{TT). In small centrifuge tube place 1 drop test solu- 
“^ion and 3 drops cold, saturated KMnO^ 2—3 drops 1 iV H-,>SO.i. .'Vt once add drop- 
wise saturated aqueous SO 2 to decolorize solution. Centrifuge. Purple precipitate (ob- 
serve against white background with magnification). Sensitivity: 2.5 fig. Interferes: Pb. 
Do not interfere: Ca, Sr, Mg. 

Beryllium. Morin{SP and FP). 1 drop neutral or slightly acidic test solution on spot 
plate -h 3 drops cold saturated solution of Na 2 EDTA in 1:10 Ntl,-) -p 1 drop 0.02% 
reagent in acetone. Pilter, wash precipitate with 2 drops EDTA solution, then H 2 O, 
finally acetone. Filter paper shows green-yellow fluorescence with ultraviolet light. 
Sensitivity: 0.07 fig. Interference: Zr. 

Bismuth. SnCh -p NaOH PbCkiSP). 1 drop PICl test solution -p 1 drop saturated 
PbCl 2 solution + 2 drops NaHSnOo solution (mbe immediately before use equal volumes 
of 25% NaOH and a solution of 5 g. SnCl 2 in 5 ml. cone. HCl diluted to 100 ml. with 
HoO). Black to brown precipitate. Run blank. Sensitivity: 0.01 fig. Interference: 
Au, Ag, Pt, Hg(ignition), Cu(KCN), Te. 

Cadmium. Di-p-nitrophenylcarbazide{SP). 1 drop test solution -p 1 drop 10% NaOH 
1 drop 10% KCN. Mix. Add 1 drop 0.1% alcoholic reagent solution -p 2 drops 
40% HCHO. Stir. Blue-green precipitate or color. Sensitivity: 0.8 fig. Interfere: 
Co, Pt, (Te and Fe may). Do not interfere: Hg(ll), Cu, Pb, Bi. 

^ Calcium. Glyoxal bis{2-hydroxyaiul){TT). 1 drop neutral or slightly acidic lest solu- 
tion -p 4 drops saturated alcoholic solution of reagent * -p 1 drop solution (10 g. NaCN 
-P 10 g. NaOH in 100 ml. H2O). Extract with CHCI3. Red CHCI3 layer. Sensitivity: 

0. 25 fig. Interference: Ba and Sr (both, 1 drop 10% Na 2 C 03 after NaCN-NaOk 
solution). 

1. Cerium. H 2 O 2 . -p /VH 3 (C). 1 drop test solution -p 1 drop 3% H 2 O 2 -p 1 drop dil. 
NH 3 . Heat gently. Yellow color or precipitate. Sensitivity: 0.4 jug. Interfere: Fe(III) 
(tartrate). Do not interfere: rare earths. 

Cesium. KBLi{FP). 1 drop test solution -p 1 drop reagent (dissolve 1 g. Bi 203 by 
boiling in a saturated aqueous solution of 5 g. KI, and add in small portions 25 ml. 
glacial HAc). Run blank. Orange or yellow color. Sensitivity: 0.7 fig. Interfere: 
T1(I) and ions precipitated with KI (prior precipitation with KI). Do not interfere': 
Alkali metals, 

^GHromium(m). Diphenylcarbazide{SP). 1 drop test solution -P 1 drop saturated 
K 2 S 2 O 8 solution -p 1 drop 2% AgNOs. After 2-3 minutes, add 1 drop cone. H-SO.i 
and 1 drop 1% alcoholic reagent solution. Violet to red color. Sensitivity 0 8 us: 
Interference; Mn(II)(NaN3), Hg(II)(Cr), Mo 04 =(H 2 G 204 ), VO 3 -, Au(III). 


^S5°fe%4.4 g. freshly sublimed o-aminophenol in 1 liter H-O at 80° -P 3 0 tr 
40% glyoxahn H,0. Lm „md 30 min. M 80'C., and then 12 hou„ in a relrtemor FUtS 


Wash with H 2 O, and recrystallize from MeOH. 
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Chromium (VI). ChromotTopicAcid(SP). 1 drop test solution + 1 dropsaturaledreagcnt 
solution + 1 drop 7.5 N HNO3. If Cr(III), make test solution slightly basic and add 
Na202. Destroy excess Na202 with KNO 2 and heat. Acidify and make test. Brownish- 
red color. Sensitivity: 2.5 /ig. Reaction is selective. 

Cobalt. 1-NitToso-2-naphtholiFP). 1 drop neutral or slightly acidic test solution + 
1 drop reagent (1 g. reagent in 50 ml. glacial HAc diluted to I liter with H 2 O). Brown 
stain. Sensitivity: 0.05 Aig. Interference: Fe(III)(P 04 ’-)> U 02 ''"‘'(P 04 ® ), Pd, 
Cu(KI + NasSOa). 

Cobalt. }^HSCN{SP). I drop lest solution + 5 drops saturated reagent m acetone. 
Green to blue color. Sensitivity: 0.5 /xg. Interference: Fe(III)(NaF), Cu(Na 2 SO) 3 , 
VO++, CN- CaOiT FefCN)#*-. 

Copper. CuprainiSP). 1 drop lest solution + 3-4 crysts NH20H-HCI + 1 drop 
saturated alcoholic solution of reagent. Extract with isoAmOH if colored ions interfere. 
Pink to purple color. Sensiuvity; 0.05 ^g. Interference: 104 “ 

Copper. Rubeanic Acid {FP). 1 drop 20% malonic acid + 1 drop test solution + 1 
drop saturated reagent in MeOH. Grccn-black spot. Sensitivity: 0.025 /ig. Interfer- 
ence: Au(III) (gold spot), Ag(NaCl). 

Gallium. RhodamineB{TT). 1 drop test solution (6 N in HCl) +3 drops 0.2% 
reagent in 6 V HCl + 3-5 drops benzene. Mix. Run blank. Red benzene layer 
(orange-red fluorescence in ultraviolet light). Sensitivity: 0.5 ^g. Interference: Hg(II), 
Sb, Au(III), Fe(ni), TeOa", SCN”, BrOj", lOs” Mn 04 “, Cr 04 -. 

Germanium. Mannitol[TT). I drop slightly acidic test solution (germanatc) Hr 
1 drop phenolphthalein + 0.01 A^NaOH to red color. Add solid mannitol. Red color 
fades or disappears. Sensitivity: 2.5 pg. In the absence of B, specific for Ge. Do not 
interfere; As([II), Sb, Sn, Te. 

Gold. p-Dimelh)lminobemalrhodamru(FP). I drop neutral or slightly acidic test solu- 
tion on filter paper (S & S No. 601) impregnated with saturated alcoholic solution of 
reagent and dried. Violet spot. Sensitivity: 0.1 /ig. Interference: Ag(Cl“), Hg(Cl”), 
Pd(dimethylgIyoxime + and filter — use filtrate). 

Indium. AlizanniFP). 1 drop test solution (slightly acidic or neutral) on filter paper 
impregnated with saturated alcoholic solution of reagent and dried. Hold over cone. 
NH 3 and dip in saturated aqueous H3BO3. Red spot. Sensitivity: 0.05 fig. Interfer- 
ence: Be, Zr, Th, A!(F-), Cr(NaOH), Fe(Na 2 S 203 + KCN), Zn(CN-), Ni(CN-), 
Co(CN ), Mn(CN“), most ions precipitated with HiS. 

Iridium. Leucomalachiie green{TT). 2-3ral. tcslsolution +[2-3drop3l% reagcntin2 
VHAc + CHCIs. Shake. Green color with IrCU“ Dilution limit: 1 : 10*. Interfere: 
Au, Ru, Pd(IV), Fe(III). Do not interfere: PtCU=, RhCls”, Pt(II), Os(IV). 

Iron(II). 2,2'-DtpM’id}l (or J ,70-phenathrol’.nt)(SP or FP). 1 drop slightly acidic test 
solution -f- 1 drop 2% alcoholic reagent solution on spot plate, or 1 drop test solution on 
filter paper (S & S No. 589) impregnated with 2% alcoholic reagent solution and dried. 
Red to pink color. Sensitivity: 0.25 /ig. Fe(III) is detected by prior reduction tvith 
NH20H- HCl or SnCy. The reaction is selective. 

Iron(III). KiFe(Ciy)t(FP or SP), 1 drop slightly acidic test solution -j- 1 drop 1% 
reagent solution. Blue stain or precipitate. Sensitivity: 0.5 /ig. Interference: F", 
C 2 O 4 , PO 4 ® , and cations forming colored fcrrocyanides may. 

Lead. Dithizoru{TT). 1 drop test solution + 2 drops 5 N KCN + 1 drop cone. 
NH4OH + 4-5 drops saturated solution of reagent in CCI 4 . Red CCI 4 layer. Sensi- 
tivity: 0.05 fig. Interference; Sn(U,IV), Fe(lII), PO 4 *- 

Lithium. KlOi -f- FeClj -f- KOH{TT). 1 drop neutral or basic test solution + 1 
drop saturated NaCl + 2 drops reagent (dissolve 2 g. KIO 4 in 10 ml. freshly prepared 2 
N KOH. Dilute to 50 ml. and mU with 3 ml. 10% FeCU and dilute to 100 ml. with 2 N 
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KOH). Prepare blank with HoO. Dip both tubes m HaO at 45 50 C. for 15 -0 
seconds. Yellow-white turbidity (blank clear). Sensitivity: 0.1 Mg- Interference: NH4 
(heat -{■ KOH or ignite solid), bivalent metals (oxinc in KOH— use filtrate). 

^M^nesium. MagnesoniSP) . 1 drop neutral or slightly acidic test solution -f- 1 drop 
0.1% reagent in 1 : 1 EtOH + 1-2 drops 0.1 iV KOH. Blue color or preapitate. Sensi- 
tivity: 0.5 Mg- Interfere: Fe, Cr, Al, Sn (all precipitated with solid NaNOs), Ni, Co, Cd 
(all with CN-), Mn(S“), NH4 salts (heat). Do not interfere: Ca, Ba, Sr. 

.- -Manganese. (NH^hSoOs T AgiWsiC or TT). 1 drop test solution -f 1 drop cone. 
H2SO4. Mi.x. Add 1 drop 0.1% AgNOa + few mg. (NH4)->S208. Jdeat gently. Red- 
violet color. Sensitivity: 0.1 Mg- Interference: Cr(III), (see Mn0.i test), halides. 

Mercury (I) and (II). Diphenylcarbazone{FP). 1 drop test solution (0.2 N HNO3) + 
Vdrop 1% alcoholic reagent solution. Violet-blue precipitate. Sensitivity; 0.5 Mg- 
Interference; halides and CN". 

, Mercury(I) and (II). SnCk + Amline{FP). 1 drop test solution -f 1 drop 5% SnCl-j 
in 10 yYHCl -f- 1 drop pure aniline. Black to brown stain. Sensitivity; 1 Mg- Interfer- 
ence; large amounts Ag, Au, Mo. 

^ Molybdenum. Methylene blue(TT). 1 drop slightly acidic test solution (M0O4"*) + 
4 drops 0.0012% reagent solution -F 20-30 mg. solid N2H4-H2SO.1. Prepare blank. 
Place both tubes in boiling H2O. With >0.5 Mg Mo, color discharged in 3 minutes; 
with <0.5 Mg in 10 minutes. Sensitivity; 0.012 Mg- Interference; Colored ions, 
VV(F~), Sn(II), NO3" S^, S-'Oa^, Se. With many cations, boil with NaoCOa and use 


filtrate. 

Nickel. Dimethylglyoxme(SP). 2-3 drops test solution -f NH3 until basic. Filter. 
To 1 drop filtrate, add 1 drop saturated alcoholic solution of reagent. Pink to red precipi- 
tate. Sensitivity; 0.2 Mg- Interference; Fe(II) (H2O2), Fe(III)(F~), Cu(HS03" -}- 
SGN-), Co -f Ni(CN- 4- HCHO), Co, Cu, Mn (all H2O2 + NaiCOj), Pd (may). 

Niobium. KSCN Ar Zn{TT). Crystals of KSCN -f- 1 ml. lest solution (niobate) -|- 
Zn powder Ar 5 drops cone. HCl. Yellow. Run blank. Dilution limit; 1 ; 20,000. Do 
not interfere; Ta205, Ti(IV), W04“. 

Osmium. KCIO 3 -f KI{SP). 1 drop reagent (1 g. KC10.2 -}- 1 g. KI -f- 100 ml. H2O) 
-F 1 drop 1:1000 H-2S04 -f 1 drop 1% starch solution 1 drop neutral test solution. 
Blue color. Run blank. Sensitivity: 0.005 Mg OSO4. Interference: Ru, colored ions, 
oxidizing agents. Specific for Os if OSO4 is volatilized from acidic test solution and col- 
lected in 1 drop H-2O(0.01 Mg)- 

Palladium(II). Dimethylglyo.\ime{FP). 1 drop slightly acidic test solution on test 
paper. (Dip filter paper in saturated alcoholic solution of reagent. Dry, and dip in 
slightly NH3 5% Ni(N03)2 solution. Wash with HoO, dip in EtOH and dry.) Dry spot 
f dil. HCl + cold H >0. Red color disappears except at test spot. Sensitivitv; 0.25 ug. 
Interference; Hg(I), CN~, 8203“, Fe(CN)6^~. 

Platinum. p-Nitrosodimethylaniline{TT). 4 drops dil. HAc A- 2 drops test solution + 
+ 4 drops 0.05% reagent in 60% EtOH. Heat in boiling HoO for 5 minutes. Pink 
color. Sensitivity; 2.5 Mg- Interference; Au(III), Rh(III), Pd(II), Ru(III), Ce(IV) 

SCN- Fe(CN)63- Te03“ BrOa-. ^ t A 

Potassium. A^a3[Co(iV02)6](vS'). 1 drop test solution -p 1 drop EtOH -F 1 drop re- 
agent solution (0.5 g. reagent -F 3 ml. HoO). Yellow crystals. View against black back- 
ground.^ Sensitivity; 4 Mg. Do not interfere; Na, Rb, Cs, NH4+. 

Rhenium. Dmethylglyoxime -F SnCk{SP). 1 drop test solution (ReOa') -F 1 drop 
saturated alcoholic dimethylglyoxime -F crystals of SnCf, + 1 drop cone. HCl. Brown 
to reddish-brown color. Sensitivity; 2 Mg- Interference; MoOa”, Pt(IV) Au(III) 
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Rhodium. *-iV.lroWi/ifen>/amiW(rT). 3-5 drops slightly acidic test solution + 4 
drons 0 05% reagent in 1 : 1 EtOH. Heat in boding HsO for 5 minutes. Orange-red 
Sion . Sensitivity. 0.5 pg. Interference: P.(IV). Os(III), Ce(IV), Fe(III), Zr(IV), 


SCN-, NOr. J , . „ 

Rubidium. AuBrrAgBi^M). Evaporate on slide I drop test solution. To residue 
add 1 drop 4.5% AuBrj solution in 40% HBr and 1 drop 0.8% AgBr in 40% HBr. Let 
stand a few minutes. Red, prismatic needles. Sensitivity: 0.5 pg. Interference: Cs, Sb, 


Sn, Ru, Rh, Pt. ■ 

Ruthenium. Rubeanic Acid{TT). 1 drop HCI lest solution + 1-2 drops 0.2% reagent 
in glacial HAc. Hcatgently. Bluccolor. Sensitivity: 0.2 pg. Interference: Pd and Pt 
give red precipitates (blue color may be observed after filtering or centrifuging). Os 
does not react. 

Scandium. Cochineal{TT). 5 ml. lest solution -f 2-3 drops tincture cochineal + 
few drops 2 N NaOH to a purple color. Heat gently + 10 drops glacial HAc. Dark 
blue precipitate. Dilution limit: 1:50,000. Interference: Zr(IV), Ti(IV), U02'*"'’, 
F~. Also Ag, Hg, Cu, Sn, Au, V (all removed with HjS). 

Selenium. Diphtnylbenzidine{SP). 1 drop lest solution + 1 drop 5% NaF + 1 drop 
2.5% reagent solution + 1 drop dilute HCI. Yellow color or precipitate. Sensitivity: 

2.5 /ig. Interference: Au(III), Cc(IV), VOj“ Ru(IIl), Pt(IV), oxidizing anions. 
Selenium. NaHSOzlTT). 1 ml. test solution + crystals of NaHSOs + 1 ml. cone. 

H2SO4. Heal to boiling 1 minute. Cool. Red color or precipitate. Sensitivity: 6 
Inierefere: Sn(II). Do not interfere: As(lll), Sn(IV), Ge(lV), Tc. 

Silver. {NHi)i[Ce{NOi)i\ + HCl{SP). Use adjacent depressions on spot plate.' To 
each add 3 drops reagent solution (0.25% reagent in 1% HNO3) + 2 drops dilute HCI. 
To one add 1 drop test solution, and to the other 1 drop H2O. Reagent decolorizes more 
rapidly vvhh Ag. Sensitivity: 0.05 pg. Interference: Mn, reducing agents, especially 
Fe(II) and Sn(II). 

Sodium. Zinr uranyl aciiaU{Black SP). Make test solution as nearly neutral as possible. 
1 drop neutral lest solution + 8 drops reagent.* Stir. Yellow precipitate. Sensitivity: 

12.5 pg. Specific for Na. Large amounts of Li and K. may precipitate. 

Strontium. Na Rhodt 2 onate{FP). 1 drop test solution on filler paper impregnated 
with saturated aqueous K2CrOi solution and dried. Let stand 1 minute. Add 1 drop 
0.2% reagent solution. Red brown spot. Sensitivity: 4 pg. Ba does not interfere. 

Tantalum. Methylene blue{TT). 1 ml. test solution (TaFs or TaFi") + 1 ml. satu- 
rated aqueous reagent. Blue precipitate. Run blank. Dilution limit: 1:10,000. Do 
not interfere: Nb, Ti(IV), and low concentrations of Sb, Sn, Mo, W, V, Al. 

Tellurium. SnCk + NaOH(SP). 1 drop reagent (5 g. SnCl2 + 5 ml. cone. HCI 
diluted to 100 ml.) + 1 drop 25%NaOH + 1 drop basic test solution (Na2C03 extract). 
Black precipitate or gray color. Sensitivity: 0.6 pg. Interference: Ag, Hg, Cu, Bi, 
As(III), Sb(ni), Sn(IV), Mo(VI). Se does not react, 

ThalKum(I). KI{IVG). 1 drop slightly acidic test solution + 1 drop 10% KI on 
watch glass (black background). After precipitate form -f 1-2 drops 2% Na2S203. 
Yellow precipitate insoluble in Na2S203 indicates Tl. Sensitivity: 0.6 pg. Interference: 
Hg(excess KI), Pb(Na2S203), Ag(Na2S203). 

Thorium. KJ04(T7'). 5 ml. slightly acidic test solution + 5 drops 7.5 HNO3 + 
few drops saturated aqueous solution of reagent. White precipitate. Dilution limit: 
1.250,000. Interfere: Ag, Hg, Sn, Ti, Zr. Do not interfere : rare earths. 


* Reagent {A). Dissolve 10 g, uranyl acetate by warming in 6 g. 30% HAc and dilute to 50 
j acetate with 3 g, 30% HAc and dilute to 50 ml. Mix (A) 

and(B). Add trace NaCl. Let stand 24 hours and filler. 



59 


SPOT TESTS 

Tinf Zn + HCl(C). 5 drops lest solution + 5 ml. cone. HGl + piece Zn. Dip micro- 
test tube filled with cold HjO in mLxture, then in reducing flame of Bunsen burner. Blue 
luminescence. Dilution limit: 1:5000. Not sensitivity but selective. Interference: 

Nb, (Au may). . 

Titanium. Chromoiropic Acid(SP). 1 drop test solution + 1 drop 5% reagent solution. 

Red-brown color. Sensitivity: 3 Mg* Interference: Fe(III)(SnCl2), UOa^+CSnClz), 

PO.i^- F-, Se03=, CoOr. 

Titanium. Chromotropic Acid{SP). 1 drop H2SO4 lest solution 5 drops reagent 
(0.02 g. reagent in 20 ml. cone. H2SO4). Violet color. Sensitivity: 0.1 /xg. Interfer- 
ence: NOs", o.xidizing agents (fume with cone. H2SO.))- 

Titanium. H-pOi{TT). 1 ml. test solution + 3-4 drops 4 N H2SO4 + 1 drop 3% 
H2O2. Orange-yellow color. Color disappears with solid NH.iF if caused by Ti. Di- 
lution limit: 1:100,000. Interference: Fe(III)(H3PO.i), F~(BeCl2), Cr0.i“, VO3 ", 
Mo 04 “, Au(III), Pt(IV), U02‘*'+ (with last 3 ions, run blank). 

Tungsten. SnCk{FP). 1 drop cone. HCl + 1 drop test solution 1 drop 10% KSCN 
-f 1 drop freshly prepared 20% SnClo in cone. HCl. Bluish-green spot. Sensitivity: 
5 /ig. Interfere: Au(III), Ru(III), F~, C-zO-r, Te, .Se. Do not interfere: Nb, Ta. 

Uranium. KiFe{CN)6iFP). 1 drop slightly acidic test solution -f- 1 drop 3% reagent 
solution. Brown stain. Sensitivity: 1 ng. Interference: Fe(III), Cu(II) (both with 
KI + H+ -f NaoSoOs). 

Uranium. Oxine{FP). 1 drop slightly acidic test solution I drop 5% alcoholic 
reagent solution. E.xpose to NHn gas. Clear brown stain. Sensitivity: 3 jug. Interfer- 
ence: Positive in presence of rare earth and principal elements in U ores, e.xccpt Fe. 
Sb(V), Fe, Ce(IV), F“, POx^", aliphatic hydro.xy acids (Fe cannot be masked by latter). 

Vanadium. Oxine{TT). 2 drops lest solution T 3 drops saturated solution of reagent 
in glacial HAc. Adjust pH to 4-6 -f- 6-7 drops iso.AmOH. Shake. Red alcoholic 
layer. Sensitivity: 2.5 /xg. Interference: MnOjT H2O2, Cu, Au, Fc(NaOH), Ru, 
Sn(II) (all may). Mo, VV, Ti(NaOH -f HAc + BaAc2). 

X^.Zinci Dithizone{TT). 1 drop test solution (pH 4.0-5. 5) Ar 2 drops 10% Na2S203 -j- 
1 drop 2 M NH4CN 5 drops 0.002% reagent solution in CCli. Red CCI4 layer. 
Sensitivity: 0.06 jug. Interference: Cd, Sn(Il), Pb, As(III). 

Zirconium. AlizariitSiSP). 1 drop slightly acidic test solution + 1 drop 1% reagent 
solution 1 drop cone. HCl. Red ppi. Sensitivity: 1.0 jug. Interference: F~. 

Detection of the Anions 

"'Acetate. La{NO ^)3 hiSP). 1 drop lest solution 1 drop 5% La(N03)3 + 1 
drop 0.01 N I2 in KI d- 1 drop 1 XVNH3. Blue color. Sensitivity: 15 jug. Propionate 
gives same reaction. Formate, butyrate, valerate, lactate do not interfere. 

Arsenate. See Arsenic. 

Arsenite. See Arsenic. 

vBofafe. Turmeric(FP). 1 drop slightly HCl test solution on filter paper impregnated 
with reagent (heat 20 g. reagent with 5 ml. EtOH, filter and dilute with 50 ml FRO) 
and dried. Dry at 100°C. Add 1 drop 1% NaOH. Red-brown which turns greenish- 
bla(± with NaOH, Sensitivity; 2.5 jLtg. Interference: Zr(IV). 

'^Bromate. MnSOi + H^SOiiTT). 1 drop test solution + 1 drop 2% MnSOx acidi- 
fied with H0SO4. ^eat 2-3 minutes on water bath. Cool and add 2-3 drops H Ac— 
benzidine reagent. (0.05 g. benzidine in 10 ml. HAc, diluted to 100 ml. and filtered! -I- 
few c^srnls NaAc. Blue color. Sensitivity: 20 /xg KBrOs. Do not interfere: CIO3- 
and IO3 . Not selective. ^ 



f)0 detection of the cations and anions 

Bromide. FluoresceifiiFP)- In lest tube place 1 drop test solution + solid Pb02 + 
5 drops 2 N HAc. Over test tube place filter paper impregnated with saturated solution 
ofdye in 1:1 EtOH. Heat. Red color. Sensitivity: 2 MS- Interference: 1", reducing 
ions as S“, SaOa”, CN“, 5CN . 

Bromine (and Hypobfomite). FluoresceiniFP). 1 ml. test solution in test tube covered 
with filter paper (negative I 2 test) impregnated with 0.1% reagent in slightly basic 1:1 
EtOH Pink color. Sensitivity: 1 Mg Interference: S”(HAc), SgOa' CN ,SCN . 

Carbonate. iVa 2 C 03 + Phfmlphlkalnti(TT). 1-2 drops test solution (or solid) + 
3 drops 2 HjSO^ Collect CO 2 gas in 1 diop red reagent solution (1 ml. 0. 1 N Na 2 C 03 
+ 2 ml. 0.5% alcoholic phenolphthaleiii in 10 ml. H 2 O.) Red color decolorized. Run 
blank. Sensitivity: 4 Mg ^ drops lest solution). Interference: CN*'(Ag'^), S“, SOa”, 
S20r(all H 2 O 2 ), F-(ZrCl4), N02~(aniHnc HCI), Ac~ 

Chlorate. MnSOt + I^sPOdC). 1 drop lest solution 1 drop reagent solulion (equal 
volumes saturated aqueous MnSOi and syrupy H 3 PO 4 ). Heat and cool. Violet color. 
If color is inconclusive, add 1 drop 1% alcoholic diphcnylcarbazidc. Sensitivity: 0.05 
Mg. Interference: S 20 a'“(evaporatc with H 2 SO 4 4* AgNOj), IO 4 -, ClO“, BrOj“, 
lOj- NO 2 -, Fe(CN)6^", Fe(CN)63-. 

Chloride. As CrOiCli "H diphenylcarbazfde(SP). Evaporate test solution to dryness. 
Residue + solid K2Cr207 + 1 drop cone. H 2 S 04 . Heat and collect vapor in 1 drop 
H 2 O (avoid contact with reagent). To this drop on spot plate add I drop 1 % alcoholic 
diphcnylcarbazidc + 1 drop 2 jVHaSO*. Red to violet color. Dilution limit: 1 : 10,000. 
Interference: Br~, BrO”> BrOs'fall + phenol), F~, NO 2 ”, NOs“. 

Chlorine (and Hypochlorite). Amliiu + PhenoliTT). 1 ml. test solution + 5 drops 
1 N NaOH 4- 0.5 ml. saturated aqueous aniline + 5 drops 5% aqueous phenol. Blue 
color. Sensitivity: 30 Mg- Interference: Br 2 , BrO"(brown), S", 8203 “, SON”, 
Fe(CN) 6 »- SaOr- 

Chromate. DiphenylciirbaztdeiSP). I drop lest solution + 1 drop cone. H 2 SO 4 (if 
Mn 04 “ present, add NaNj to decolorize) + 1 drop 1% alcoholic reagent solution. 
BluC'vioIet color. Sensiuvity: 0.3 Mg K. 1 C 1 O 4 . (See also Chromium.) 

Cyanide. CuAci -f- btfiitdtru{FP). Heat test solulion slightly in test tube and add 
solid NaHCOi. Collect gas on filler paper impregnated with 1 drop 3% CuAc -2 solu- 
tion and 1 drop 1% benzidine in 10% HAc. Blue color. Dilution limit: 1:20,000. 
Interference. CI 2 , Br 2 . 

Cyar^t. CuS(FPy o? \ g.OaSOipetViXcTanddiy. 

Immediately befoie use, expose to H-S. To brown paper add 1 drop test solution. White 
spot Sensitivity : 1 .25 Mo- Test may be used in presence of ferro- and fcrricyanide, I“, 
CT, Br', SCN-. 

Ferricyanidc. Beniidme actlcUe^SP). 1 drop neutral test solution 4- 1 drop 2 N HAc 
saturated cold with benzidine. Blue color or precipitate. Sensitivity: 1 Mg- Interfer- 
ence: Many oxidizing agents. Useful only to detect fcrricyanide in presence of fer- 
rocyanide (PbAc 2 ). 

Fcrricyanide. FtSOt- Blue color or precipitate. Fcrrocyanide interferes. 

Ferrocyanide. FeChiSP). 1 drop HCUest solulion -j- 1 drop 1% FeClj. Blue color. 
Sensitivity: 1.3 fig. Interference’ I~, SCN“ (capillary separation on filter paper). 

Fluoride. Zr-Ahzann LakeiSP). 1 drop test solution -j- 1 drop 0.1 % HCI + 1 drop 
reagent (mix equal volumes 0.17% alizarin S and 0.87% Zr(N 03)4 and dilute 1:5 with 
H 2 O). Pink color, fades to yellow. Sensitivity: O.l Mg. Interference: Cc(IV), VOs", 
and large amounts S 04 °^- AI, Ce(III), Be, Th, and large amounts Si and S'” may inter- 
fere. 
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-Idaite. KSCN{FP). 1 drop 5% KSCN on starch paper + 1 drop acidic test solu- 
tion. Blue color. Sensitivity: 4 /zg NalOa. . < . 

Iodide. Starch{SP). 1 drop acidic test solution + 1 drop starch solution 1 drop 
10%KNO->. Blue color. Sensitivity: 2.5 /ig. Interference: CN (H+ -j- heat). 

Iodine. 'starch(SP). 1 drop test solution + 1 drop 1% soluble starch solution. Blue 
color. Sensitivity: 0.3 Mg- Interference: Bra, Gl-a, CN (NaHCOa T heal). 

Molybdate. See Molybdenum. 

Nitrate. 7 -naphthylainine -h sul/anilic acid(SP). 1 drop neutral or HAc lest solu- 

tion -j- 1 drop sulfanilic acid solution (1 g. reagent in 100 ml. 30% HAc with heat) T 
1 drop 1-naphthylamine solution (boil 0.03 g. reagent with 70 ml. HjO and decant cleai 
solution into 30 ml. glacial HAc) -P few mg. Zn dust. Red color. Sensitivity: 0.05 Mg- 
Interference: NO->~(NaN3 -j- H”*" and boil). 

Nitrite. I-Naphthylamine + sulfanilic acid{SP). 1 drop neutral or HAc test solution d* 
1 drop sulfanilic acid reagent (see Nitrate) -p 1 drop 1-naphthylamine reagent (see 
Nitrate). Red color. Sensitivity: 0.01 Mg- Interference: strong o.xidizing agents, 
Fe(III) (tartrate). 

Periodate. Tetrabase + MnSOsiSP). 1 drop test solution + 1 drop 10% MnCl-j 
solution + 1 drop saturated tetrabase in 2 N HAc. Blue color. Sensitivity: 0.5 Mg- 
Interference : S-iOg” (heat with AgNOa). Not selective, but ClOa", BrOg", and IOa“ do 
not interfere. (See also, Chlorate). 

Permanganate. Purple color. 

Perrhenate. See Rhenium. 

Persulfate. Benzidine{SP). 1 drop neutral or slightly acidic test solution -{- 1 drop 
2% reagent in dilute HAc. Blue color. Sensitivity: 1 Mg- Interfere: CrOg”', MnOT> 
Fe(CN)6^~, hypohalites. Do not interfere: alkali pero.xides, perborates, and HgO-i, 
CIO3-, C104-, BrOa", lOg", NO.a--. 

Phosphate. {NHf) 2 MoOi -f- Benzidine{FP). 1 drop acidic test solution -b 1 drop 
molybdate solution (5 g. (NH-OaMoO-t in 100 ml. H2O added to 35 ml. 6A^ HNOa). 

1 drop benzidine solution (0.05 g. benzidine in 10 ml. glacial HAc and diluted 
to 100 ml. with H-iO). Expose to NH-a gas. Blue color. Sensitivity: 1.5 Mg P2O 5. In- 
terference: S103“(HC1 or tartaric acid), As04*'‘(H->S or tartaric acid), GeOa”", S“, 
SaOa^, Fe(CN)6'‘- H2O2, Cjpr, F“(Be++). 

Selenate. See Selenium. 

Selenite. See Selenium. 

Silicate. {N'Hi)oMoOi -j- SnCliiSP). Solid sample -j- NaF -f- 2-3 drops cone. 
H-aSOi in platinum crucible. Warm and collect SiF.| in 1 drop 2 N NaOH (freshly pre- 
pared). Add 2 drops 10% (NH4)-2Mo04 and acidify with 4 .iVHAc. Add 3 drops 5% 
SnClo in 2.5iV HGl. Add e.xcess NaOH (freshly prepared) to dissolve Sn(OH) >. Blue 
color. Dilution limit: 1:10,000. Only H3BO3 interferes. Remove by heatinn with 
MeOH. ^ 

Sulfate. BaCl-i + KMnOi{TT). 1 drop test solution + 1 drop 1% KMnOt + 1 
drop 1% BaCla + 2-3 drops H2O2 (or oxalic acid) to decolorize solution. Deep purple 
precipitate. Sensitivity: 3 Mg- Interference: GlO~, CN~, GNO“, SGN“, Fe(GN)G-*~, 
Fe(CN)6'’~'. Precipitation of Ba salts prevented by HAc. 

Sulfide. NaN-i + h{WG). 1 drop test solution + 1 drop reagent (3 g. NaNa in 100 
ml. 0.1 N L.). Immediate evolution of tiny bubbles of gas. Run blank. Sensitivity 
0.3 Mg. Interference: SGN-, SoOs”, Se=, Te“. 

Sulfide. Nilroprusside{SP). 1 drop basic test solution 1 drop 1% aqueous sodium 
nitroprusside solution. Purplish-red color. Sensitivity: 1 Mg- Selective test. SOr 
SaOa", S04“ do not interfere. ' 
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Sulfite. Nitropruss\de{SP). 1 drop saturated Zn(N 03)2 1 drop 1 N K 4 Fe(CN )6 -)- 

1 drop 1 % aqueous sodium nitroprusside solution -E 1 drop neutral test solution. VVhite 
precipitate turns red. Sensitivity: 3.2 ^tg. Interference: S“in basic solution, violet color. 
S04°*, S 20 i“ do not interfere. 

Tellurate. See Tellurium. 

Tellurite. Sec Tellurium. 

Thiocyanate. FeCli{TT). 0.1 ml. test solution (acidified with 2 A’' HCl) + 1 drop 
1% FeCb Red color. Sensitivity: 1 /tg. Interference: with F“, PO 4 ®", C 2 O 4 ", taf- 
tratc, and citrate, use excess FeCls- I", Fc(CN) 8 *~ and Fe(CN) 6 ^“ (both of lattef. 
CdS04). 

Thiosulfate. NaMi + li {same as S“ test). Interference: S“, SCN“, Te”, Se“. 
Tungstate. See Tungsten. 

Vanadate. See Vanadium. 



DIVISION OF THE ELEMENTS 
INTO ANALYTICAL GROUPS 


One of the oldest and most useful of the metliods used to separate as a 
preliminary to their identification by qualitative tests is based on the division of 
the elements into analytical groups. The scheme in wliich hydrogen sulfide is 
used as a precipitant is perhaps die best known and is in many ways tiie most 
useful of the various methods that have been proposed. Using the group re- 
agents of this sclieme, a large number of highly important and uselul separations 
can be effected. 

The analytical groups and the elements of which Uiey are composed are as 
follows: 

I. The Hydrochloric Acid Group 
Lead, mercury(I), silver, thallium(I). 

II. The Hydrogen Sulfide Group 

Antimony, arsenic, bismuth, cadmium, copper, germanium, gold, iridium, lead, 
mercury, molybdenum, osmium, palladium, platinum, riienium, rhodium, 
ruthenium, selenium, silver, tellurium, tin. (Partially: thallium.) 

A. Elements luhose Sulfides are Insoluble in Acids and in Solutions of Alkali 
Sulfides; Bismuth, cadmium, copper, lead, mercury, silver. (Entirely or 
partially: osmium, palladium, rhodium, nnhenium.) 

B. Elements whose Sulfides are Insoluble in Acids but are Soluble in Solutions 
of Alkali Sulfides: Antimony, arsenic, germanium, molybdenum, rhenium, 
selenium, tellurium, tin. (Entirely or partially: gold, iridium, platinum.) 

III. The Ammonium Sulfide Group 

Aluminum, beryllium, chromium, cobalt, gallium, indium, iron, manganese, 
nickel, niobium, rare earths, scandium, tantalum, thallium, thorium, titanium, 
uranium, vanadium, zinc, zirconium. 

A. Elements whose Sulfides are Soluble in Acids: Cobalt, gallium, indium, iron, 
manganese, nickel, thallium, uranium, vanadium, zinc. 

B. Elements that Form Hydroxides or Basic Compounds: Aluminum, beryl- 
lium, chromium, niobium, rare earths, scandium, tantalum, thorium, ti- 
tanium, zirconium. 

IV. The Alkaline Earths and Magnesium: The Ammonium Carbonate Group 
Barium, calcium, magnesium, radium, strontium. 

V. The Alkali Metals: The Soluble Group 

Cesium, lithium, potassium, rubidium, sodium. 
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OUTLINE OF A METHOD 
FOR THE DETECTION 
OF ALL METALLIC ELEMENTS 


The following method of analysis* is based largely on tlie sclicmc devised by 
Noyes and Bray.a and has been adapted from the tables prepared by Treadwell 
and Hall.< The method is taken in its entirety from this source, but the form of 
the tables has been altered. It provides for the detection of all metals except 
certain rare earths, whidi are merely separated into groups. 

One of the principal functions of these tables is to provide a method for the 
separation of the various metals from all interferences. Jtj rccetit years numerous 
selectise reagents have been described which permit the detection of traces of tlie 
elements with quantities of unknowns ranging down to one drop or less. A num* 
ber of these are described in the section on Spot Tests (page 53). Many of these 
tests, howeser. are subject to interference, but when applied in conjunction will) 
the following scheme, most qualitative problems are rather easily solved. 

Table 3-1. Preparatios of thd Solution 

1. Removal of Organic Matter. Ifoi^anic matter is present, oxidize it as follows: Take 
enough finely divided material to furnish about 1 g. of inorganic ash, cover it with 5 ml. 
of 9 jV HCIO4 in a small casserole, and heat on the steam bath (not over a free flame). As 
soon as the liquid is hot, add cautiously, a drop at a time, 1 ml. of concentrated HNOi. 
Add more HNO3 gradually (1-3 ml.) until no more nitrous fumes arc evolved. Then 
heat the covered casserole on wire gauze over a small flame until fumes of HCIO* are 
evolved. If a charred mass remains, cool, add 2 ml. more of HNO3, 3 ml. of HCIO4 and 
again evaporate, finally reducing the volume to 1-2 ml. If the organic matter is oil or 
fat, extraction with an organic solvent, such as ether, is better. 


2. Treatment with HBr and Brj. Take 1 g. of finely divided material, or the liquid ob- 
tained in (1 ), and transfer to a 50-ml. round-bottomed flask. Insert a stopper carrying a 
thistle tube which reaches nearly to the bottom of the flask and a reflux tube 60 cm. long 
and of 0.8 cm. bore, extending to the bottom of the stopper. Connect the top of the re- 
flux tube by delivery tubing with two right-angled bends leading to a test tube containing 
5 ml. of saturated Br 2 water. Add slowly through the thistle tube 10 ml. of 9 iV HBr and 

2 This section consists of a series of tables. 

3Xo)es, A. A., and Bray, W. C„ Qualitative Analysis of the Rare Elements, Macmillan, 
New York. 1927. ' ' 

‘These tables aie adapted from Treadwell, F. P., and Hall. W. T., Analytical Chemis- 
try, \ol. I, 8th Ed., John Wiley and Sons, Inc., New York, 1932, with permission of the 
copyright owners. 
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boil gently for 10 minutes. If the liquid in the test tube becomes colorless, add 10 drops 
of liquid Br‘> from time to time. This treatment with HBr dissolves most substances. If 
a residue remains, cool to 50°, add 0.5 ml. of Bra to the contents of the flask and heat 10 
minutes on the steam bath, adding more Bra if necessary. Cool to 20° and filter through 
an ashless paper if a residue remains. Treat the residue by (3) and the solution by (4). 
For the above treatment with HBr and Bra, ground glass connections are desirable. 


3. Decomposition of Silicates. Removal of SiF4 and BFa. Transfer the residue from 
(2), and the ash of the filter, to a small casserole and evaporate to dryness with 2 ml. of 
concentrated HNO3 to remove all halogen. Transfer to a platinum dish or crucible, 
evaporate to dryness, add 3-10 ml. of 27 iV HF and heat over an air bath for 15 minutes. 
Then add 3 ml. of 9 N HCI04, 2 ml. of concentrated HNO3 and heat to fumes of FICIO^. 
If an alkaline earth or rare earth fluoride dissolves slowly, heat 10 minutes longer with a 
little more HCIO4. Finally evaporate nearly to dryness and rinse into a small distilling 
flask with 2-3 ml. of water, as described under (4). 


4. Distillation with HBr. Volatilization of SeBr4, GeBt i, and AsBrs. Fuse some tub- 
ing to the side-arm of a small distilling flask and bend it so that the interior angle is 
about 35°. Transfer to this flask the solution obtained in (2) and the mi.xture obtained in 
(3). Distill carefully into the test tube and Br^ used in (2), keeping the latter chilled by 
ice around the tube. When the liquid in the flask has been reduced to 3 ml., it can be 
assumed that all Se and nearly all of the Ge and As have been e.xpclled as bromides, the 
AsBrs being converted to H3ASO4 by the liquid in the receiver. Examine the distillate 
by Table 3-3 and the residue in the distilling flask by (5). Osmium and ruthenium do 
not volatilize as o.xides by this treatment because the HBr serves to keep these elements at 
a valence lower than eight. 


5. Distillation with HNO3 and HCIO4. Volatilization of OSO4 and RUO4. Cool the 
residual mixture in the distilling flask and add 4 ml. of 16 N HNO3 and 3 ml. of water. 
Distill off all Bro, catching the distillate in a test tube containing 10 ml. of 6 N NaOH 
kept cold by immersion in ice water. After the Biv is removed, carefully add Na^O.: to 
the cold contents of the test tube until the liquid is colorless or about 1 g. of the powder 
has been used. Then continue distilling until only 4 ml. of liquid is left in the flask. A 
yellow or orange distillate shows that Os is probably present. In this case, add 2 ml. of 
water to the contents of the flask and again reduce to 4 ml. If the distillate is colored, add 
to it 2 ml. of alcohol and filter after 5 minutes. This serves to precipitate any Ru that 
may have distilled over. Filter and introduce H2S. A black precipitate of OS2S3 shows 
Os to be present. Now, to recover RUO4, add 5 ml. of 9 N HCIO4 and distill carefully 
till the volume is reduced to 3 ml., catching the distillate in 12 ml. of 6 N NaOH which 
changes RUO4 to Na.RuOs. This yields an orange to dark red solution. If a red pre- 
cipitate of HgO is formed, as sometimes happens when much Hg is present, filter it off 
using an asbestos filter. If the distillate is colored, add 2 ml. more of 9 N HCIO4 to the 
flask and distill again to a volume of 3 ml. To the distillate add 2 ml. of alcohol : a black 
precipitate is Ru. Treat the residue in the flask by (6) . 

If Os and Ru are not likely to be present, this procedure can be shortened by merely 
adding 4 ml. of 16 N HNO3 to the residual mixture from (4), evaporating off half the 
solution, adding 5 ml. of 9 N HCIO4 and distilling to 3 ml. In this way the HBr is re- 
placed by HCIO4, which is advantageous for the next treatment. 
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6. Precipxtadon of W, Ta, and Au groups. Partial removal of alkalies. To the cold 
residue in the distilling flask, add slowly 10 ml. of 12 N formic acid and boil under a 
reflux condenser for 15 minutes. Filter while hot through a hardened, ashless filter and 
wash xvith a little hot water. Treat the residue by (7). Evaporate the filtrate to about 
10 ml. and cool. Examine any precipitate for K, Rb, and Cs as described in Table 3-12, 
and the solution by Table 3-7. 


7. Extraction of the W and Ta groups. Treat the first residue obtained in (6) in a 
platinum or plastic dish with about 10 ml. of 27 Af HF and heat 10 minutes on the steam 
bath. Filter through a hardened filter in a plastic funnel and catch the filtrate in a 
platinum dish. Wash thoroughly. Treat the residue by (8) and examine the filtrate 
for the W and Ta groups by Table 3-4. 


8. Treatment with hot sodium carbonate solution. All insoluble fluorides except 
ThF4 and some CaFj, together with any BaSOi, are converted quite completely to car- 
bonates by this treatment which consists in boiling the residue frorti (7) with 50 ml. of 
3 N NasCOa to which 10 g. of solid NaaCOj are added as soon as the solution is boiling. 
Boil 15 minutes under a reflux condenser. Filter and reject the filtrate. To the well- 
washed residue, add 10 ml. of 3 N HCIO4, treat the resulting solution by Table 3-8, 
testing especially for Pb, Ca, Sr, and Bi. Treat the residue by (9). 


9. Extraction of the Au group and Ag. Cover the residue from (8) with 9 ml. of 16 N 
HNOj and 3 ml. of 2 HCl and heat 10 minutes on the steam bath. Evaporate nearly 
to dryness, add 12 ml. of water, boil, and filter. Analyze the filtrate by Table 3-6. 
Digest the residue with 10 ml. of warm, 15 Af NH4OH and filter. Boil off most of the 
NHa and test tor Ag with HCl. Examine the last resuiue by Table 3-2. ^ 


Table 3-2. Treatment of Material Unattacked by Treatment of Table 3-1 

1. Residue from Table 3-1, 9. 11 the residue is nonmetallic, it is likely to contain oxides 
of Al, Cr, Ti, and Sn; phosphates of Ti, Zr, Th, Ce, and other rare earths, an unde- 
composable silicate, sulfates of Ba and Cr, fluorides of Th and Ca, metallic Ir and Rh, C. 
Fuse a nonmetallic residue with 10 g. of K2S2O7 in a silica crucible for 20 minutes. 
Loosen the melt and reduce it to powder with mortar and pestle. Digest with 25 ml. of 
cold water for some time, filter, heat the residue with 10 ml. of 12 N HCl, evaporate to 
1 ml., add 5 ml. of water, filter and unite the filtrate with that just obtained. Examine 
the residue by (2) and the united filtrates by (8). If the residue from Table 3-1 is metallic, 
fuse with Nai02 as described below under (6). 


2. The residue may contain Pb, Ba, Sr, Ca, and Cr as sulfates; Si, W, Ta, and Nb as 
oxides, metallic Ir, unattacked silicate or Sn02. Treat with HF by Table 3-1 , 7. Exam- 
ine the residue by (3) and the solution by (4). 


3. Residue from 2. The residue may contain Ba and Cr as sulfates; Pb, Sr, and Ca as 
fluorides, unattacked silicate, metaUie Ir or SnOj. Boil with NajCOs as in Table 3-1 , 8. 
Filter and reject the filtrate. 
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4. Solution from 2. Test for VV, Ta and Nb as described in Tables 3-4 and 3-5. 

5. Residue from 3. The residue may contain Pb, Ba, Sr, and Ca as carbonates, Cr as 
hydroxide, a silicate, metallic Ir or SnO-^. Treat with HC10.t as in Table 3-1 , 8. 

6. Residue from 5. Cr 2 (SO.,);,, silicate, SnOi, Ir. Metallic residue from Table 3-1 of 
Pt metals and alloys. Fuse tvith 5 g. of NasO-.. in a nickel crucible, gradually raising the 
temperature and heating the bottom of the crucible 1 5 minutes at dull redness. Cool, 
extract with 30 ml. of cold water, remove the crucible and decompose excess Na'^Oo by 
boiling. Neutralize with 12 N HCl added in small portions while cooling. Add 1 ml. of 
alcohol and 2.5 ml. more of HCl. Heat on the steam bath. If a residue remains, filter, 
digest it 10 minutes with 5 ml. of 12 N HCl and 1 ml. of 1 5 N HNO;i, evaporate to small 
volume, add water and unite with the main solution without filtering. Cool, saturate 
with HoS in a 100-ml. pyrex bottle, stopper and heat in water for an hour. Cool, open 
the bottle, add more FHS if necessary and heat again. Filler and anal>v.e the filtrate for 
the Al, Ni, and rare earth groups, remembering that Ni comes from the crucible. Trans- 
fer the H 2 S precipitate to a flask and treat by Table 3-1, 2, w'ithout filtering, and then by 
Table 3-1 , 4. Analyze the distillates by Table 3-3, and for Os and Ru. Treat the resid- 
ual liquid by Table 3-1, 6, and the filtrate obtained here for .Ag and the Cu-Te groups. 
Follow by Table 3-1,7 and 9 etc., repeating the NasO-j fusion. If there is a residue, dry 
it, treat by (8) and combine any H^S precipitate with the main precipitate. Reject the 
filtrate. 


7. Solution from 5. Test for Pb, Ba, Sr, and Ca in the usual way. See Table 3-11. 


8. Filtrate from 1. Adjust the acidity as described in Table 3-8, 1. Saturate with HsS 
and filter. 


9. Precipitate from 8. Sulfides of Se, As, Sb, and Sn; Te and Cu groups. Treat w'ith 
HBr as in Table 3-1 , 2 and 4 and test the distillate for Se and As by Table 3-3. 


10. Residue from 9. Evaporate with HNO:i and HClO j, boil with 12 N tlCO^H as in 
Table 3-1, 5 and 6. 


11. Residue from 10. 0.xides of Sn and Sb. Treat with 10 ml. of 12 N HCl, dilute 
with w’ater to 55 ml., heat, and saturate with HjS. Filter. 


12. Precipitate from 11. SbiSj. Dissolve in 5 ml. concentrated FICl. If not clear, add 
5 ml. water and filter. Reject residue. Evaporate filtrate to 2 ml., cool and add metallic 
tin. Let stand 10 minutes. A black residue, insoluble in NaBrO, is antimony. 

13. Filtrate from 11. Add 4 ml. concentrated NH.iOH and saturate with H 2 S. Let 
stand 10 minutes. If no precipitate forms, tin is absent. If a precipitate forms, evaporate 
(without filtering) to 15 ml. Add powdered Sb and boil gently 2 minutes. Filter and 
add 2 ml. HCl and a little HgCf ^ solution. A white or gray precipitate indicates Sn. 

14. Filtrate from 9, Treat with H-S and examine the precipitate for the Te and Cu 
groups by Table 3-8. 
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15. Filtrate from 8 . Analy 7 e for T1 and according to Tables 3-7 and 3-10. In Table 
3-io, 3, test the FeCl 2 for Tl, after removing GaClj, by adding 2-3 ml. of A'^KI solution. 
A yellow precipitate is Til. 


Table 3-3. Analysis op the Selesiuvi Group 
Distillate from Table 3-1, 4, containing SeBr<, HaAsO^, and GcBr^ in solution with HBr 
and Bra. 

1. Precipitation of Se. To the solution add NajS-Os dropwiscj keeping the liquid cold, 
until the excess Brj is almost but not quite removed. An excess of sulfite must be avoided 
as it yields S with HiS. Add 1 ml. of 3 M NHjOH'HCl solution and heat 5 minutes 
without boiling. If much precipitate forms, add more hydroxylaminc salt. Cool and 
filter. 


2. Precipitate from 1. A red precipitate which darkens on heating is Se. The precipi- 
tate often forms veiy slowly. 


3. Filtrate from 1. Saturate the filtrate from (I) with H 2 S using a stout bottle, and heat 
the stoppered bottle in boiling water. Cool, add more HjS and filler after 10 minutes. 
Wash the precipitate with a little 6 A' H 2 SO 4 saturated with HjS. Reject the filtrate. 


4. Precipitate from 3. Treat the precipitate of AsjSs, AszSj, S and GeS? with about 10 
ml. 6 N NHiOH thereby forming (NH 4 ) 3 As 04 , (NH 4 ) 3 AsS 4 , (NH 4 ) 2 Ge 08 , (NH 4 )jGeS 3 , 
etc. To the solution in a platinum or plastic dish add iwo-lhirds as much 27 N HF 
as there was used of NH 4 OH. Cool and saturate 'vith HjS. Filter into a platinum dish. 


5. Precipitate from 4. As^-Ss, AsjSj. To the As precipitate add 4 ml. of 6 M NH 4 OH 
and 3 ml, H 2 O 2 . Heat to boiling and filter. Discard any residue. To the filtrate add 
3 ml. of magnesia mixture, cool and stir vigorously. A white precipitate ofMgNH 4 As 04 
indicates As. This is confirmed as follows; Filter.,wash,aj\diQ tkt^recipl.ta.taa.'id A.%N.Oi 
solution and HAc. A red precipitate of Ag;As 04 forms if As is present. 


6. Filtrate from 4, To the filtrate containing H 2 GeF 6 , add 5 ml. of concentrated H 2 SO 4 , 
evaporate to fumes, cool, and pour into 25 ml. of water. Saturate with H 2 S and filter. 
Reject the filtrate. 


7. Precipitate from 6. White GeSj. Dissolve the well-washed precipitate in 3 A'^ 
NH4OH and evaporate the solution to dryness in platinum. Add 1-3 ml. of HF solu- 
tion and heat to boiling. Filter if not clear. Evaporate the solution of H^GeFs to dry- 
ness, add 10 drops of HF and the same quantity of 6 W K 2 C 03 solution and 1 ml. of 
water. Heat to boiling and let stand 1 5 minutes. A greyish-white precipitate of K 2 GeF 6 
shows Ge to be present. 
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Table 3-4. Separation of Tantalum and Tungsten Groups 
Analysis of the Tungsten Group 

1. Separation of W and Ta groups. To the HF solution of Table 3-1, 7, add 2 ml. of 
concentrated H2SO.1 and evaporate to dense fumes. Cool, carefully add 5 ml. of water, 
and transfer to a pressure bottle. Make ammoniacal, add 10 ml. of fresh, 6 N (NH-OsS 
solution, stopper the bottle, place in a dish of water, and heat the water to boiling. Add 
more (NH.i)2S if necessary and heat for 30 minutes with occasional shaking. Cool, filter, 
and wash with hot water. If the residue is orange or brown in color, or is very large, heat 
it with 3 1VNH4OH, filter, and add the filtrate to that just obtained. 


2. Residue from 1. TiO*, Ta-Os, Nb-Os, Ti and Zr phosphates or vanadates, 
BioSs. E.xamine by Table 3-5. 


3. Filtrate from 1. Pour the ammoniacal solution of thio salts very slowly, while stir- 
ring, into 40 ml. of 6 N H2S04. Filter through asbestos in a Gooch crucible, wash with 
hot water, and dry at 100-125°. 

4. Precipitate from 3. Place the dried sulfides of Sb, Sn, VV, Mo, Te, and V in a com- 
bustion tube and heat in a stream of H-S at 500-600° for 30 minutes. Cool in an at- 
mosphere of H2S. Treat the residue and sublimate with 10 ml. of 12 N HCl as described 
in Table 3-2, 1 1 , testing the resulting solution for Sb and Sn as there described. Examine 
the residue by (6). 


5. Filtrate from 3. When H3PO4 is present, sometimes nearly all of the W is found in 
the filtrate from 3, but in the absence of H3PO.1 it is precipitated for the most part as 
VVS3. Test one-tenth of the solution for phosphate with (NH.|)2Mo0.i, and if a yellow 
precipitate is obtained, evaporate the remainder of the solution to dense fumes, add 
cautiously 1 ml. of 16 lY HNO3, and fume again. Add I ml. of 12 HCl and evaporate 
just to dryness. Add 3 ml. of SnCl2 and heal. Add 3 ml. of 12 iV HCl and heat again. 
An intense blue color shows W to be present. 


G. Residue from 4. WS2, M0S2, Te, V2S3, asbestos. Dissolve in a mLxture of equal 
parts 12 2V HCl and 16 iV HNO3, evaporate nearly to dryness, add 5 ml. of 6 jV NH jOH, 
heat and filter off the asbestos. Evaporate just to dryness, add 10 ml. of 12 iV HCl, heat 
10 minutes on the water bath, evaporate to dryness again, take up in 40 ml. of 2 N HCl, 
boil gently and filter. E.\amine the residue by (7) and the filtrate by (8). 


7. Residue from 6. H2WO.1. Dissolve in a little 15 iVNH^OH. Evaporate almost to 
dryness, add 3 ml. of N SnCl2, heat to boiling. Add 3 ml. of 12 2V HCl, heat to boiling 
again and allow to cool. A blue precipitate of WoOs-.xWOa shows W to be present. 

8. Filtrate from 6. H2M0O4, H2Te03, VOCI2, Dilute the solution with three times as 

much water, saturate with H2S, and heat in a pressure bottle as in (1). Cool open the 
bottle, and filter. ’ ‘ 


9. Precipitate from 8. M0S3, Te. Dissolve by heating with 6 ml. of 12 N HCl and 2 
nil. of 16 N HNO3. Evaporate to dryness, add 1 ml. of 6 N HCl and 5 ml. of waten 
lest with 5 ml. of KCNS and 0.1 g. of metallic Zn. A red solution of MoO(CNS) shows 
Mo to be present. A black precipitate is Te. 
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10 Filtrate from 8. VOClj. Evaporate to dryness, add 2 ml. of 16 .VHNOa and again 
evaporate. Add 5 ml. of 6 N NHiOH and saturate with HoS. A violet-red color shows 
V to be present. As a confirmatory test, evaporate to dryness, add a little HNO 3 , 3 ml. 
of water, and 1 ml. of HaOs- A reddish-brown color of HVO 4 indicates vanadium. 


Table 3-5. Analysis of the Tantalum Group 

1. Residue of Table 3-4, 2: TiOi, TaiO^, NfajOs, Ti(HPO 02 , Zr(HP 04 )s, Ti(HVO,) 2 , 
Zr(HV 04 ) 2 , 81283 . Boil for 2 hours in a liter flask with 350-400 ml. of an aqueous solu- 
tion of 5 g. NajCOa and 15 g. salicylic acid. Filter through an ashiess paper. 

2 . Residue from 1 . TajOg, Nb205, ZrOj, ZrlHPO*)?, BiiSj. Treat in a platinum 
crucible with a little HF, HNO^, and HjSO* to remove any SiO:. Evaporate to dryness 
and fuse with 5 g. K 2 CO 3 and 0.1 g. KNO 3 . Leach the melt with 10 ml. of cold water, 
stirring well. Filter and wash with cold water. 


3. Residue from 2. ZrO:, BijOj. Fuse with 3 g. K 2 S 207 - Cool, extract with 20 ml. 
of water, heating till all soluble salt has dissolved. Without filtering add H 2 S, and then 
filter. 


4. Precipitate from 3: A black precipitate is probably Bi^Sj. Dissolve the precipitate 
in 3 HNO 3 , fther, and precipitate Bi(OH )3 with an excess of NH 4 OH. Filter, wash, 
and add to the precipitate a little freshly prepared NaHSn 02 solution. An immediate 
blackening indicates Bi 


5. Filtrate from 3. ZrOS 04 . Expel H 2 S, add 2 ml. of2 H 2 OJ and 10 ml. of Af Naj- 
HPO4. A white precipitate is Zr(HP04)j 


6 . Filtrate from 2. KgTaeOu, KgNbtOis and K 2 HPO 4 . Dilute to 25 ml., saturate with 
SO 2 and heat 30 minutes while passing this gas through the solution. Filler through a 
plastic funnel. 


7. Precipitate from 6 . White T 320 j, NbjOs. Dissolve from the filter with a little HF, 
catching the filtrate in a platinum crucible. Add a little concentrated HNO 3 , evaporate 
to dryness, add 2 ml. of HF and 0.5 g. of K 2 CO 3 . Evaporate to dryness and heat gently 
until the residue becomes enamel-white, but not allowing even the bottom of the crucible 
to become dull-red. Dissolve in a little water, eva|N>rate to 0.5 ml., add 4 ml. of water, 
heat to boiling and filter after 15 minutes. 


8 . Precipitate from 7. Greyish-white, viscous appearing 2 K 2 TaF 7 ’Ta 206 . Treat 
again by the above procedure in (7) if the appearance of the precipitate is not satis- 
factory. 


9 . Filtrate fconi 7 . KsNbFsO. Fume with H2SO4, add NH4OH, boil, make acid with 
H2SO4, and boil again. A white precipitate is NbaOj. Filter, using a plastic funnel. 
Dissolve the precipitate in 2 ml. of HF, add 1 ml. of H2SO4, and evaporate to fumes. 
Cool, add dropwisc 1 ml. of 6 A^ HCl, keeping the mixture cool. Add about 25 mg, 
of powdered zinc : a blue color indicates the presence of NbCls. Pour the solution through 
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a zinc reductor that has been washed with 0.3 N HCI into a mixture of 5 ml. 0.2 N HgClo 
and 0.5 ml. of 6 N HCI. A white precipitate of HgjGl-i confirms the presence of Nb. 

10. Filtrate from 1. Ti salicylate, H3PO.1, HaVO-j. Evaporate to 50 ml. Cool, transfer 
to a 200-ml. separatory funnel and add gradually 6 ml. of 18 N H2SO4. Cool and shake 
with 40 ml. of ether. Treat the aqueous layer with two other 10-ml. portions of ether, 
finally discarding all the ether-salicylic acid solutions. Evaporate the aqueous layer to 
20 ml., add an excess of NaOH, boil, and filter. 


11. Precipitate from 10. TiO^. Dissolve in a little, hot, 6 N HNO3 containing a little 
H'Oj. If the orange color of Ti02 • H2O2 develops, add 3 ml. of 6 iV H2SO4, evaporate to 
fumes, add water, some more H2O2 and some Na2HPO.j. If a precipitate of Zr(HPO.i)2 
forms after standing at least an hour, filter if off. To the filtrate, add powdered Na2S03. 
A white precipitate of Ti(HPO.i)2 forms if Ti is present. 

12. Filtrate from 10. Na,iVO.i, NasPOi. Test for phosphoric acid in one-fifth of the 
filtrate with HNO3 and (NH-OuMoO^. Treat the remainder of the solution as in Table 
3-4, 10, to see if V is present here. 


Table 3-6. Analysis of the Gold Group 

1. Solution from Table 3-1, 9: Chlorides of Hg, Au, Pt, Pd, possibly Ir and Rh. If 
the solution is colorless, there is not much of these elements present except Hg. To a 
colorless solution, therefore, merely add a few drops of N SnCb. A gray precipitate in- 
dicates mercury. To a colored solution, add 1 drop of 6 N HCI and shake vigorously for 
1 minute with 10 ml. of pure ethyl acetate in a short-stemmed separatory funnel. Draw 
off the aqueous layer and shake it again with a fresh portion of ethyl acetate. 

2. Ethyl acetate solution from 1: HgCl2, AuCl;(. Shake the second ethyl acetate solu- 
tion vigorously for 1 minute with 8 ml. of 3 N NPLjCl. Draw off the lower aqueous layer 
and shake this with the first ethyl acetate solution. Unite the two remaining ethyl acetate 
solutions. 


3, Ethyl acetate solution from 2: If the solution is yellow, AuCls is indicated. Evaporate 
to dryness in a small casserole and ignite to dull redness. Add 1 ml. of 12 jV HCI and a 
few drops of 16 N HNO3. Add a little water and some KI, and boil. If there is con- 
siderable precipitate, add more iodide. A red or purple precipitate is Au. 


4 . Aqueous solution from 2 : (NH4)2HgCl4, Add an equal volume of 6 N NH4OH and 
a little KI. Heat and let stand 5 minutes. An orange or yellow precipitate is HgO • 


5. Aqueous solution from 1: HaPtCle, HoIrCIe, HoPdCh, HaRhClg. Add 5 ml. of P A" 
HCI and evaporate nearly to dryness. Add a little water and evaporate until there i^no 
odor of HCI. If the residue is colorless no Pt, Ir, Pd, or Rh is present. To a colored 
residue, add 2 drops of 6 N HCI, transfer avith 1 ml. of water to a weighing bottle add 
an excess of NH4CI powder, and allow to stand half an hour in ice water. Filter and wash 
with cold NH4CI solution. 
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6. Precipitate from 5. 

Yellow crystals; (NHilsPtCU 
Black precipitate: (NH4)2lrCl# 

Red precipitate : both of these 

Dissolve by heating with ISml.ofU iVHCUnd 1.0 ml. of 16 A^HNOs. Evaporate 
on the steam bath until all excess acid is removed, add NaHCOa solution until basic to 
litmus, cool, add a Uule more NaHGOa solution, a little Br^ water, and heat 10 minutes 
on the steam bath. 


7. Black precipitate from 6. IrOi. Test the precipitate for Ir by Tabic 3-8, 9. 

8. Filtrate from 6. NajPtCU. Make acid with HCl, evaporate to dryness, and treat 
with NH<CI as in (5). A yellow or orange precipitate is (NHOzPiClfl. 

9. Filtrate from 5: (NH4)2pdCl4, (NH^IaRhCl*. Saturate with Cl? gas in a bottle, 
stopper it, and allow to stand 30 minutes. Filter. 

10. Red precipitate from 9. (NH4)2PdCl6. 

11. Red filtrate from 9: (NH4)3RhCI*. Test for Rh as in Table 3*8, 11. 


Table 3*7. Analysis op the Thallium Group 

1. Filtrate from Table 3-1, 6: Perchlorates of elements other than Se, As, Ge, Os, Ru, 
Sb, Sn, W (may be present as phosphotungsiic acid) Nb, Ta, Au, Hg, Pt, and Pd. A few 
mg. of Mo (more if P is present) and Ti (more if Zr is present) may be found here, al- 
though these elements normally are found In the preceding groups. To the solution, 
add an excess of HBr, shake and filter after 5 minutes, washing with cold, ^ HBr. (The 
HBr used should not contain free Br2, which will oxidize TJ. To 9 HBr add an equal 
volume of 12 N HCO^H, 2 5 volumes of Avaier, and boil a few minutes.) 


2. Precipitate from 1: AgBr, TlUr, PbBrj. Treat with hot water until all PbBr2 and 
TlBr have dissolved, as shown by testing the filtrate with K2Cr04. Then treat with 15 
ml. of saturated Br2 water, which oxidizes TlBr to soluble TlBrj. Filter. 


3. Residue from 2; AgBr. Warm with 10 ml. of 15 4VNH4OH with occasional stirring. 
Although AgBr is much less soluble than AgCI, this ireaiment serves to form sufficient 
lAg{NH3)2]'*’ to give a test for Ag when the solution is acidified with HNO3, A yellowish 
precipitate indicates silver. 


4. Solution from 2: PbBrz, TlBrj. Add HzSO*, filter, and wash with a very little 2 iV 
H2SO4. 


5. Precipitate from 4: PbSO^. Dissolve the precipitate in 10 ml. of 3 N NH^Ac, and 
to the solution add a few drops K2Cr04 solution and 3 ml. 6 M HAc. A yellow pre- 
cipitate of PbCr04 indicates Pb. 
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6. Filtrate from 4: Tl2(S04)3. Add powdered Na..SO.i in slight excess to reduce the 
to Tl'*' and add 2 ml. of iV KI. A yellow precipitate is TIL 


7. Filtrate from 1: Analyze by Table 3-8. 


Table 3-B. Analysis of Tellurium and Copper Groups 

1. Filtrate from Table 3-7, 1: Evaporate the HGlOi solution from Table 3-7 until bub- 
bles of gas escape on removing the flame, but do not evaporate to strong fumes. Measure 
the volume and assume 9 milliequivalents of acid arc present in each ml. Add 25 ml. 
of water and HCl (or NH4OH) to make e.vactly 30 milliequivalents of acid present in all. 
.Add 4 ml. of 3 iV NHiCl, heat in a vessel immersed in boiling water, and saturate with 
H;S. Dilute with water to 100 ml., saturate again with H-jS, and let stand 15 minutes. 
Filter and wash with hot water. 

If Ir is to be tested for, or if some Mo is unprecipitated, evaporate the filtrate to 5 ml., 
add 10 ml. of 6 A'’ HCl, boil with reflux condensation for 10 minutes to convert the per- 
chlorate of Ir to chloride. Cool, transfer to a 100-ml. pyrex bottle, saturate with HoS, 
stopper, and heat in gently boiling water for half an hour. Cool, filter, and wash with 
hot water. Unite the precipitate with that obtained before. Examine the filtrate by 
Table 3-10 after adding 10 ml. 6 N NHiOH. 


2. Precipitate from 1: Sulfides of Te, Mo, Ir, Rh, Pb, Bi, Cu, and Cd. Dissolve in 10 
ml. of 12 N HCl and 2 ml. of 16 N HNO;i. Evaporate to dryness. Add 6 ml. of 12 iV 
HCl and saturate the cold solution with SO2. Filter and reject any precipitate of Se that 
may form. The Tc is not precipitated in the strong acid solution. Add 20 ml. of water, 
saturate again with SO2, and heat 15 minutes in boiling water. Filler, and wash with 
hot water. 


3. Precipitate from 2: Black Te. 


4. Filtrate from 2: Evaporate nearly to dryness. .Add a few drops of 16 N HNOu and 
evaporate to dryness on the steam badi. .Add 5 ml. of 6 ^ HCl and shake the cold, acid 
solution with two, 15-ml. portions of ether in a separatory funnel. Unite the ether ex- 
tracts and wash them rvith two 2-ml. portions of 6 .V HCl. 


5. Ether solution from 4: M0O3, 2HC1. Evaporate to dryness on the steam bath and 
dry over a small moving flame. A dark blue residue is Mo^Os-xMoOs. Add HCl and 
a little HNO3 and again evaporate. Dissolve in 2 ml. of 6 jV FICl, add 5 ml. of water 
and 5 ml. of KCNS. Add a little zinc. Decant off the solution and add H>.S. .A 
brown precipitate is M0S3. 


6. Aqueous solution from 4: Evaporate just to dryness, add 1 ml. of 6 N H.Ac, 10 ml. 
of water, and 5 ml. of 3 N NaN02. Heat 5 minutes at 60-70°. Cool, add 6 jY NaOH 
in 0.5-ml. portions until the solution is basic. Dilute with 20 ml. of water if a large pre- 
cipitate forms. Filter and wash with hot water. To the filtrate, add 5 ml. of N NaHCOa 
solution and, if there is any precipitate, filter through a new filter but unite this precipi- 
tate with that previously obtained. 
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7. Precipitate from 6 : Hydroxides of Pb, Bi, Cu, and Cd. Dissolve in HNO 3 and 
analyze for these elements as in Table 3-9. 

8 . Filtrate from 6 : Na 3 lr(NO?) 6 , NajRh(NOj) 6 . Add 5 ml. of 12 N HCl and evaporate 
just to dryness. Dissolve in 15 ml. of water, and add 2 ml. of 3 N NajCOa solution. 
Heat in a water bath, cool, add 2 ml. more of NajCOj solution and 2 drops of liquid Brj, 
shaking till it dissolves. Heat 10 minutes in boiling water. Filter and wash with hot 
water. Reject the filtrate. 

9. Precipitate from 8 : Blue-black IrOi and green RhOj. Heal the precipitate in a 
small casserole with a little 9 N HBr, until it dissolves. To the residue add 2 drops of 6 
N HCl, transfer to a weighing bottle, saturate with Clz, stopper, and heal at 50® for 5 
minutes. Cool, add powdered NH 4 CI as in Table 3-6, 5. 


10. Precipitate from 9: Black (NH 4 ) 5 lrCl 6 . 


II. Red solution from 9; (NH 4 )aRhCl 6 . Add 3 ml. of 15 .V NH 4 OH and evaporate just 
to dryness. To the residue add 3 ml. of 6 .V HCl, boil, transfer to a weighing bottle, and 
let stand 30 minutes. A light yellow precipitate is RhCl(NH 3 )gCl 2 . 


Table 3-9. Analysis op Copper Group 

1. Precipitate from Table 3-3, 7: Hydroxides of Pb, Bi, Cu, and Cd. Dissolve in 2 
N HNO 3 , add 6 N H 2 SO 4 to precipitate lead, and evaporate to fumes of SO 3 . Cool,' 
pour into water, and filter. 


2. Precipitate from 1: PbSOi. Dissolve in 10 ml. of 3 N NH 4 AC, and to the soIuiioA 
add a few drops of KjCr 04 solution and 3 ml. 6 .V H Ac. A yellow precipitate of PbCrOt 
indicates Pb. 


3. Filtrate from 1 : Bi, Cu, Cd. .Add an excess of NH^OH, filter, and wash. 


4. Precipitate from 3: Bi(OH) 3 . Treat the precipitate with a little freshly prepared 
NaHSnOj solution. An immediate blackening indicates Bi. 


5. Filtrate from 3: [Cu(NH 3 ) 4 l-^+ and (Cd(NH 3 ) 4 ]++ A blue solution indicates Cu. 
If there is any doubt, acidify a portion of the solution with HAc, and add 1 drop of 
K 4 Fe(CN )8 solution. A reddish precipitate indicates Cu. 

If the ammoniacal solution is blue, decolorize with NaCN solution and treat with H 2 S. 
A yellow precipitate of CdS forms if Cd is present. 


Table 3-10. Precipitation of A1, Ni, Zr, and Rare Earth Groups 
Detection of Fc, PO4, and Ga 

1. Filtrate from Table 3-8, 1. Test for Fe and PO4. Take a small portion of the solu- 
tion, boa to remove HjS, add a little HNO3, evaporate nearly to dryness, cool, add 5 
ml. of 6 HCl, 1 ml, of 12 N HCl, transfer to a separatory funnel and shake vigorously 
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with ether to remove FeCls. GaCls and TlCIj are also removed by the ethei, but all 
other cations remain in the aqueous solution. Separate the two layers and remove the 
ether by ev'aporating each solution separately on the steam bath. To the residue from 
die ether solution, add a little HCl, dilute and test for Fe with KCNS. Test the evapo- 
rated aqueous layer for HaPOi with FINOa and (NH4)2Mo04. 

Expel H >S by boiling the remainder of the solution from Table 3-8, add liquid Bro in 
slight e.xcess and remove the excess by boiling. Add 4 ml. of 6 N NH4OH and 15 ml. 
of 3 N NH.iAc. Boil for 2 minutes. No precipitate shows absence of appreciable quanti- 
ties of Fe, Al, Ga, Ti, and Zr. 

Cool, add 3 N Fe(NO;i)3 in small portions until the mixture is red and add 3 ml. in 
e.xcess. Boil 2 minutes. If the precipitate does not coagulate, add 2 ml. of 6 ;Y NH4OH 
and boil again. Filter while hot and wash with hot water. If the filtrate shows the 
brownish-red color due to Fe, add more NH4OH and then HAc to acid reaction, and 
boil again to effect complete precipitation. 

2. Precipitate from 1: Fe, Ga, Cr, V, W, Al, In, Zr, Ti, PO4, and possibly some Zn, Co, 
Ni, Be, and U if the pH value of the solution was loo high, also rare earths when PO4 is 
present. Dissolve in a little 6 N HCl, evaporate to small volume, add 10 ml. of 6 jV 
HCl, and shake with an equal volume of ether that has been itself shaken with twice as 
much of 6 N PICl. Separate the layer and shake with another portion of ether. 


3. Ether layer from 2: FeCU and GaCla. Evaporate to 1 ml., add 10 ml. of 6 N tICl, 
heat to 70°, and shake in a small flask with 1 ml. of Pig for 5 minutes to reduce the I'eCl.T 
to FeClo, which is not removed from aqueous solution by shaking with ether. Filter and 
reject the residue. Shake with ether again. Aqueous layer: FeCL Reject. 

4. Ether layer from 3: GaClg and possibly some FeCPi. Wash the ether solution by 
shaking with 3 ml. of 6 N HCl and a drop of Hg. Drain off the Hg and aqueous solu- 
tion. Evaporate off ether on the steam bath, add 5 ml. of water, 2 ml. of 6 iV NaOH to 
formNauGeOo and Fe(OH)3. Boil, cool, add 15 ml. of water, filter, and to the solution 
add HAc in slight e.xcess and boil 10 minutes. A white precipitate is Ga(OH)3. Filter 
and pour 3 ml. of 6 HCl through the filter. .Add 5 ml. of water and 3 ml. of K4Fe(CN)G 
solution. A while precipitate is Gai[Fe(CN)ol3. 


5. Aqueous layer from 2: Cr, V, W, Al, In, Zr, Ti, PO4, Zn, Co, Ni, Be, V, and rare 
earths. Evaporate with HNO:i almost to dryness, to remove all chloride, add 10 ml. 
of water and 6 N NaOH to basic reaction. Add NaoO^ cautiously to the cold solution. 


6. Precipitate from 5: Zirconium group; In, Zr, Ti as hydro.xides. Also rare earths, 
Co, Ni, and possibly some Zn. Analyze by Table 3-14, 1. 


7. Filtrate from 5: Aluminum group; Cr, U, V, W, Al, Be, and Zn as Na salts, also 
someNa3P04. Analyze by Table 3-13. 


8. Filtrate from 1: Mn, Zn, Cr, Ni, U, Be, rare earths, alkaline earths, alkali metals, 
and possibly some Cr. Make ammoniacal and saturate with HoS. Heat nearlv to 
boiling and filter. " ^ 
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9. Precipitate from 8: Be, rare earths, and Cr as hydroxides. Mo, Zn, Co, Ni, and 
U as sulfides. Dissolve the predpitatc in a little N HNOa, heat to boiling, and if there « 
any black residue of NiS or CoS, add a little 16 N HNO3 and heat. Filler, evaporate, 
dilute, and treat the cooled solution with NaOH and NazOj as in (5), filler and unite 
the filtrate with that obtained in (5). 

10. Precipitate from 9; Mn, Co, Nij Sc, Th, Cc, La, Pr, Nd, Sm, Y, £u-Lu, and pos- 
sibly Zn. Analyze by Table 3-14, 5. 

11. Filtrate from 8: Alkaline earths and alkalies. Analyze by Table 3*11 and Table 
3-12. 


Table 3-11. Analysis of the Alkaline Earths 

1. Filtrate from Table 3-10, 11: The alkaline earth and alkali metals. Evaporate to 
dryness, and heat until no more fumes are evolved. Cool, add 10 ml. water, and heat 
to boiling. Filter, and to cold filtrate add 15 ml. 6 N (NH|)2COa reagent and 15 ml, 
of alcohol. Add more (NH4)jC03 if necessary for complete precipitation. Allow to 
stand 30 minutes, filler, wash with (NHO^COj reagent. 


2. Precipitate from 1: BaCOs, SrCOj, CaCOj, MgCOs. Dissolve in small portions of 
6 N HAc, and evaporate to dryness. Do not overheat residue. Dissolve residue by 
adding 2 ml. 6 iV HAc, 10 ml. 3 NH4AC, and tO ml. water. Heat to boiling; add hot 
3 K2Cr04 dropwise to complete precipitation. Boil 2 minutes and filler. 


3. Filtrate from 1: The alkali metab. Analyze by Table 3-12. 


4. Precipitate from 2: BaCr04. Dissolve in 5 ml. hot 6 N HCl, evaporate solution just 
to dryness, and again treat as above with HAc, NH4AC, and K5Cr04. A yellow pre- 
cipitate indicates Ba. 


5. Filtrate from 2: Sr, Ca, and Mg. Add NH4OH until color changes from orange to 
yellow, and then 5 ml. more. Heat to 65®C. and add 15 ml. of alcohol. Cool and let 
stand. Add more K2Cr04 and alcohol if necessary for complete precipitation of Sr. 
Filter. 


6. Precipitate from 5: SrCrOi. Treat with 10 ml. boiling water, add exactly 1 ml. 3 N 
NajCOa and 12 ml. 3 A KjCiOi. Boil gently 5 minutes, and filter hot. Discard the 
filtrate. Wash the precipitate and dissolve in 5 ml. cold N HAc. Add 2 ml. N Na2S04, 
heat to boiling and let stand 10 minutes. A while precipitate indicates Sr. 

7. Filtrate from 5: Ca and Mg. Dilute with 50 ml. of water, add Just 3 ml. of 3 
K2C2O4 arid let stand 15 minutes. If no precipitate forms, proceed to step 9, this table. 
If a precipiate forms, additional K2C204 b added if necessary for complete precipitation. 
Filter and wash with hot water. 


8. Precipitate from 7: CaC204. Dissolve in 5 ml. 6 N H2SO4 and add 20 drops of alco- 
hol. A white precipitate b CaS04. 
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9 . FUtrate from 7: Mg. Add 15 ml. 15 N NH^OH and 25 ml. N Na.HPO-i. Cool and 
let stand 30 minutes. Filter and discard the filtrate. Wash the precipitate once with 
alcohol. Dissolve the precipitate in 5 ml. 2 N H 2 SO. 1 , add 20 ml. of alcohol and stir. 
Filter and discard any precipitate. Repeat the precipitation of Mg with Na-.HPOi. 


Table 3-12. Analysis of the Alkali Metals 

1, Removal of NH 4 +: After removal of all other cations, evaporate solution to dryness, 
and heat with a moving flame until no more fumes are evolved. Avoid high temperature. 
Cool, add 5 ml. water and 1 drop of NH 4 OH. Filter, and discard any residue. 

2 . Removal of SO. To filtrate from 1 , add 1-3 ml. concentrated HNO 3 and evaporate 
to dryness. Ignite residue gently. Cool, add 5-10 ml. water, and then add dropwise 
N Pb(N 03)2 until precipitation is complete. Let stand, filter, wash, and discard the 
precipitate. Saturate filtrate with H 2 S, heat, filter, and discard the precipitate. 


3. Removal of K, Rb, and Cs: To the filtrate from 2, add 1-5 ml. 9 N HCIO 4 and 
evaporate cautiously to fumes of HCIO 4 . Enough reagent should be added to combine 
with all alkali metals present. Cool, and transfer to a small dry flask with four times as 
much 99% alcohol as HCIO 4 used. Cool, shake, and let stand 15 minutes. Filter through 
a dry filter into a dry flask. Wash with 2 ml. 99% alcohol. 


4. Precipitate from 3; Dissolve perchlorate precipitate in a little hot water and evapor- 
ate to dryness. To the residue add 3-12 ml. M Na 3 Co(N 02 )G which has been mixed 
with half as much 6 N HAc. Allow to stand 10-1 5 minutes with stirring and filter. Wash 
the precipitate with 5-10 ml. of the reagent diluted with 10 ml. of water. To washed 
precipitate add 1 ml. 9 N NaNOj, evaporate to dryness, and ignite gently until effer- 
vescence ceases. Cool, and add 5-10 ml. of w'ater. Filter and reject the residue. Add 
dropwise 6 N HAc until the solution is no longer basic to litmus. Filter. Reject the 
residue. 


5. Filtrate from 4; To the solution add one-sixth its volume of 4 N Bi(N 03)3 in 6 N 
HAc. Shake, and let stand 15-30 minutes in ice water. Warm to 30°C. and stir fre- 
quently for an additional 5 minutes. Filter. 


6 . Precipitate from 5. Cs and Rb: Dissolve precipitate in 3 ml. 6 N HCl, boil a few 
minutes, cool, and add 10 drops of 6 Af SbCls in 6 N HCl. Let stand 30 minutes with 
stirring. Filter and reject precipitate. To the filtrate, add 15 ml. water and saturate 
with H 2 S. Filter and discard precipitate. Evaporate filtrate to dryness, add 2 ml. of 
water, again saturate with H^S, and filter. Evaporate filtrate carefully to dryness, cool, 
and add 5 drops of saturated NaHC 4 H 406 solution. Let stand 5 minutes with stirring, 
then add 5 ml. more of tartrate solution. Let stand 10 minutes. A white orecinitate 
isRbHC 4 H 406 , Filter. ^ ^ 


0 ’ V Through filter containing RbHC 4 H 406 precipitate, pour 0.5-5mI. 

A NaNOo solution. Add 3-30 drops Bi(N 03)3 reagent (4 A^Bi(N 03)3 in 6 'VHAc), 
snake, and let stand 30 minutes in ice water. A yellow precipitate is Rb 2 NaBi(N 02 )e. 
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8. FUtrate from 6: Add 3 ml. of M silicotungstic acid reagent. Let stand 30 minutes. 
A fine white precipitate is CsjSiWijOij. 

9. Filtrate from 5; K. Add 1 drop 0.3 N Co(N02)i and heat to SS^C. for 10 minutes. 
Cool in ice water, let stand one hour, filter, and reject precipitate. To filtrate, add 0.5 
ml. 6 N HAc, 2 ml. water, 0.2-2 ml. 3 N Co(N02)2. Let stand 30 minutes. A yellow 
precipitate is K2NaCo(N02)6. 

10. Filtrate from 3: Li and Na. Saturate the filtrate from 3 with dry HCl gas while 
cooling the flask in ice water. Let stand 30 minutes and filter through a small dry filter, 
Wash the precipitate with not more than 5 ml, 99% alcohol that has been saturated with 
dry HCl. At once add to the filtrate one-fourth its volume of water. 

11. Precipitate from 10: NaQ. Dissolve in 5 ml. of water, and add 1 ml. 95% alcohol 
and 5 ml. magnesium uranyl acetate reagent. A greenish-yellow precipitate indicates 
Na. 


12. Filtrate from 10: LIQ. Evaporate on a steam bath until the volume is equal to that 
of the HCIO4 used in step 3 of this table. Cool, and add concentrate HNO3, vcr>' slowly^ 
and dropwise, until there is no further action. Tlten add 1 ml. concentrated HNO3 in 
excess and heat on a steam bath 15 minutes. Add 1 ml. more of concentrated HNO3 and 
heat on a wire gauze until all HCIO4 U volatilized. Finally, heat for 1-2 minutes over a 
free flame to a temperature below redness. Cool, add 3 ml. 95% alcohol and 2 drops 
concentrated NH4OH. Filter, and discard any residue. To the filtrate add 3 ml. con-* 
centrated NH4OH, heat to 35-40*C., and add 2 drops of 0.5 N Na^HPO^. Shake. A 
precipitate indicates Li. 


Table 3-13. Analysis of the Aluminum Group 

1. Filtrate from Table 3-10, 7; Cr, U, V, W, PO4, Al, Zu, and. Be as Na salts. Add 6 
N HNO3, which has been freed from HNOj by boiling I minute in a test lube, until the 
solution is acid to litmus. Dilute to 100 ml. in a 250.ml. bottle, add solid NaHCOj 
until the solution is practically neutral to litmus and add 1.5 g. in excess. Add 1 ml. of 
M H2O2 solution, stopper the bottle, and heat in gently boiling water for 20 minutes. 
Cool carefully and filter promptly. 


2. Filtrate from 1: NatCrO., Na.UO,(COs),. NajPOt, NajVOi, and NatWOi. If the 
solution IS colorless, do not test for Cr. If colored yellow, carefully neutralize with 6 iV 
HNOj, free from HNOs, adding 2 ml. in excess. Add 25 ml. of N Pb(NOj)2. If this 
test IS omitted, add the HNO3, alone. 


3. Precipitate from 2: PbCr04. Dissolve in 10 ml. of warm 1.5 W HNO3. To the 
yellow solution, add 2 ml. of ether and a little H2O2. A blue ether solution contains 
rlsCrO?. 


4. Filtrate from 2: U02(NOa)r, HjVO., H,POt(WOs)i„ Pb(NO,),. Saturate with HjS, 
ter on, and reject the PbS precipitate. Evaporate to about 40 ml., cool, neutralize 
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with NH40H, add 5 ml. of 6 N HAc and 1 5 ml. of N NasHPO-j. Heat to boiling, filter, 
and wash the precipitate with N NH.1NO3 solution. 

5 . Precipitate from 4 : White UO2NH.1PO.1. Dissolve this precipitate or the (NH.i)2U‘>07 
precipitate obtained in ( 12 ) in a little hot 6 N HCl, evaporate nearly to dryness, add 10 
ml. of water containing 0.5 g. of NaCl and treat with 5 ml. of K4Fc(CN)6. A dark red 
precipitate or coloration is K2U02[Fe(CN)6]. 

6. Filtrate from 4 : H3VO.1, H3PO.i(WO:t)i2. Make strongly ammoniacal and saturate 
with H2S. A pink or violet-red color indicates the presence of V. Make the colored 
solution acid with PINO3 and heat. Filter off the precipitate. 

7. Precipitate from 6: V2S.1.5. Dissolve by heating with 2 ml. of 16 N HNO3, add 3 ml. 
of water, boil and filter if necessary. Cool and add 1 ml. of H2O2 solution. An orange- 
red color is due to HVO4. Evaporate to dryness, add 5 ml. of N NH4OH and 1-2 ml. 
of N NH4OH which is saturated with NFLCl. If a precipitate forms, add 2 ml. of water 
and mbc. A while precipitate is NH4VO3. 


8. Filtrate from 6: H3P04(W0;j)i2. If phosphate was found in Table 3 - 10 , 1 , make the 
filtrate slightly ammoniacal, add 20 ml. of Mg(N03)2 reagent, boil, cool somewhat, 
and add 5 ml. of 15 N NFI4OH. After an hour, filter off and reject the precipitate of 
MgNH4P04. Boil ofi'NFIa from the filtrate, add 3 ml. of 16 N HNO3, evaporate to 10 
ml., add 1 ml. more of HNO3 and 5 ml. of water. Pleat until all crystalline salts have 
dissoh'ed. A white or yellow residue is probably tungstic acid. Test for VV as in Table 
3 - 4 ,. 7 . 


9 . Precipitate from 2 : Al(OH);i, ZnCOs, BeCOa, (U02)3(V04)2. Dissolve the precipi- 
tate in 10 ml. of hot 6 N PICl, catching the solution in a small flask. Cool, add 15 ml. of 
ether, and introduce dry HCl gas until there is no line of demarcation between the ether 
and aqueous acid, keeping the ether cold. Filter through asbestos, and wash with a 
mixture of 2 volumes 12 N HCl and 3 volumes of ether which has been saturated with 
HCl gas. 


10 . Precipitate from 9 : Aids - 6H2O. Dissolve in a little HCl, precipitate with NH4OH, 
and dissolve the precipitate in 5 ml. N HCl. Add 5 ml. 3 N NH4AC and 5 ml. of 0 . 1 % 
aqueous aluminon solution, and make basic with a mixture of NH4OPI and (NH4)2C03. 
A bright red precipitate indicates aluminum. 


11 . Filtrate from 9 : ZnCl j, BeCl2, UO2CI2, VOCI2. Evaporate off the ether on the steam 
bath until the volume is reduced to 2 ml., add 20 ml. of water, and make ammoniacal. 
Heat to boiling and filter. 


(NHjjaUiOy, V0(0H)2. (Possibly some Zn(OH)2, 
A1(0H)3, Fe(OH)3 and H iSiOs.) Pour hot 6 A HAc through the filter to dissolve the 
precipitate. Evaporate the solution just to dryness, triturate the dry residue with 10 ml. 
of dry chloroform, and filter through a dry filter. 


13 . Solution from 12: BeO-3BeAc2. Wash the chloroform solution in a separatory 
unnel with 10 ml. of water, evaporate off the chloroform, and dissolve the basic beryllium 
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acetate in a little 6 N HNOa, dilute and add NH4OH in slight excess. A white floccuicnt 
precipitate is Be(OH)2. 

14. Residue from 12: U, Vj A!, Fe; Zn, Be, etc. To the residue add 25 ml. of 1% 
NaHCOa, boil, and filter. Reject the residue. 

15. Solution from 14: Na4U02(CO3)3. Test for U as in (5) of this table. 

16. Filtrate from 11: [Zo(NH3)4]++. Acidify with HAc and saturate with H2S. Filter, 
and dissolve the precipitate in a little HNO3. Add 1-3 drops of 0.3 N Co(N03)2 solu- 
tion, evaporate to dryness, and ignite until the purple color of the Co salt disappears. A 
green residue indicates zinc. 


Table 3-14. Analysis of the Nickel and Zirconium Groups 
Isolation of the Rare Earth Group 

1. Peroxide precipitate from Tabic 3-10, 6: Mn(Zn), Co, Ni, and rare earths as hy- 
droxides, Dissolve in 5 to 20 ml. of 6 /V HCl, heating gently. Filter if necessary. Add 
3 ml. of 1 5 N HNO3 and evaporate to about 1 ml. Add 1 5 ml. of 1 5 HNO5 and 1 g. 
powdered KClOj, and heat to boiling. Add an additional 10 ml. HNO3, heat to boiling, 
remove the flame, and add 0.5 g. KClOs. Repeal this treatment until about 3 g. of 
KClOshave been added. Caution: do not add the chlorate to the boiling solution/ 


2. Precipitate from 1: Mn02< Dissolve the MnOs in a little hot 6 N HNO3 and a fevv' 
drops H202. Boil and cool to room temperature. Add a little solid NaBiOs. A purple 
color indicates Mn. 


3. Filtrate from 1: Ni, Co, Zn, and rare earths as nitrates. Evaporate to small volume, 
add 30 ml. of cold water and a slight excess of NH4OH. If there is no precipitation, rare 
earths are absent. In such cases, saturate with H2S and examine the resulting precipi- 
tate for Ni, Co, and Zn by Table 3-15. 

If NH4OH gives a precipitate, add 3 ml. of 6 N HAc, filter if a precipitate remains, 
and unite it with the NH4OH precipitate to be obtained in (5). To the clear solution, 
add 10 ml. of 3 NH^Ac solution, heat to 75“, and saturate with H2S. Filter 


4. Precipitate from 3: ZnS, CoS, NiS. Analyze by Table 3-1 5. 

5, Filtrate from 3: Rare earths. Expel H2S by boiling and reject any precipitate that 
may form. Make distinctly ammoniacal, filter, and reject the filtrate. Combine this 
precipitate with the residue from the at^tic acid treatment of (3) and with the peroxide 
precipitate from Table 3-10, 10, dissolve in 10 ml, of 6 iV HCl, and evaporate nearly to 
dryness. Transfer to a platinum dish, evaporate to dryness of a water bath, add 2 ml. 
of water, 1 ml. of 6 HCl, about 0.5 ml. of HF, and 9 ml. of water. Use more HF if 
the residue is large. Heat on a steam bath for 5 minutes and filter through a plastic fun- 
nel into another platinum dish. 


6. Precipitate from 5: Fluorides of rare earths and possibly In. Examine by Table 
3-16. 
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7 . Filtrate from 5: Fluorides of In, Zr, Ti and possibly Ni, Co, and Zn. Neutralize 
with NH 4 OH, make slightly acid with HF, and saturate with HoS. Filter through a 
plastic funnel into a platinum dish. If much precipitate forms, boil the filtrate to expel 
H 2 S and repeat the treatment with NH. 1 OH, HF, and H 2 S. 

8 . Precipitate from 7: In 2 S 2 , (ZnS, CoS, NiS). A pale yellow precipitate is In 2 S, 2 . 
Dissolve in 5 ml. of 6 N HCl, adding HNOa if necessary to dissolve any black NiS or CoS. 
Boil to expel HoS, add an excess of NH^OH, and filter. Reject the filtrate. 

9. Precipitate from 8 : In(OH) 3 . Dissolve in 10 ml. of hot, 6 N FIAc and saturate with 

HoS. A deep yellow precipitate is InoS.i. ’ 

10. Filtrate from 7: HoZrFc, HoTiF6(CoFo, NiFo). Add 3 ml. of concentrated HoSOi 
and evaporate to fumes. Cool, add water, and test with HoOo and NaoHPO.i for Zr and 
Ti as in Table 3-5. 


Table 3-15. Analysis of Cobalt, Nickel, and Zinc 

1. Sulfide precipitate from Table 3-14, 4: CoS, NiS,ZnS. Treat precipitate with 10-30 
ml. cold I N HCl. Filter. 


2. Residue from 1: CoS, NiS. Dissolve in 5-15 ml. 6 A' HCl, heat to boiling, and add a 
little powdered KCIO;i. Filter, and evaporate the solution to dryness. Dissolve residue 
in 5 ml. 6 N HAc and add 3 ml. 6 N KNOj. Let stand 15 minutes. A yellow precipitate 
of K 3 Co(N 02)6 indicates Co. Filter. 

To the filtrate, add dimethylglyoxime. A red precipitate indicates Ni. 


3. Filtrate from 1: Zn (traces of Co and Ni). Carefully neutralize with NaOH and add 
a little solid Na 202 . Filter. 


4. Precipitate from 3: Co(OH);i and Ni(OH) 3 . Add to the residue of NiS and CoS, step 
2 of this table. 


5. Filtrate from 3: HZnOi Acidify, treat with H^S, and confirm Zn as described in 
Table 3-13, 16. 


Table 3-16. Analysis of Rare Earth Group 

1. Precipitate from Table 3-14, 6 : Fluorides of Sc, In, and rare earths. Treat with 
10 ml. of 6 N NH 4 OH and half as much 27 N HF in a platinum dish. Heat near the 
boiling point for 3 minutes and filter through a plastic funnel into another platinum dish. 

2. Residue from 1 : Rare earth and In fluorides. Transfer the fluoride precipitate to 
a platinum dish, add 2 ml. of concentrated H 2 SO 4 , and evaporate to strong fumes of 

2 SO 4 . Cool, pour into 25 ra'.. of water, and make ammoniacal. Filter and reject the 
mirate. Dissolve the hydroxide precipitate in 5 ml. of 6 N HAc and saturate with HoS. 
A yellow precipitate is InoSj. 


82 


detection of the cations and anions 

Table 3-16. (Continued) 

3. Filtrate from 2: Rare earth acetates. Boil off H2S, evaporate just to dryness, add 
6*ml of 16 N HNO3 and 1 g. of powdered KCIO3. Heat 5 minutes on the steam bath 
with the dish covered. Add 20 ml. of cold 7.5% KIO3. Cool to 20° and filter, washing 
the precipitate with cold, 1% KIO3 solution. 

4. Precipitate from 3: Th(I03)4, Cc(I03)<. Rinse the precipitate into a small Erlen- 
meyer flask and digest with 18 ml. of M H2O2 and 5 ml. of 16 HNO3, using double 
these quantities if the precipitate is lar^e. Add 0.75 g. of K.IO1 dissolved in 10 ml. of 
water, and allow to stand for some lime. Filter and wash with 1% KIO3 solution. 

3. Residue from 4: Th(IOv)4. Dissolve in hot 6 /V HCJ, evaporate to dryness, moisten 
with 12 N HCl and dry until no odor of HCl remains. This serves to decompose and 
reduce all lOj". Dissolve the residual ThCh in 2 ml. of water and add 2 drops of 6 N 
HCl and 5 ml. of H2O2 solution. A white precipitate isTltO2*H202. 


6. Solution from 4s €0(103)3. Make ammoniacal and heat to boiling. A yellow ox 
orange precipitate is CeO: • H2O2. 

7. Filtrate from 3: Other rare earths. Make ammoniacal, filter off the rare earth hy* 
droxides, and discard the filtrate. Wash the precipitate with hot water and dissolve it 
in 5-10 ml. of 6 iV HCl. Evaporate to dryness, moisten with 12 N HCl, and dry on the 
water bath. To the dry residue, add c.xacily 3 ml. of 50% K2CO3 solution, heal in a 
covered dish for two hours on the steam bath, replacing water lost by evaporation. Fil* 
ter. 


8. Precipitate from 7: Lanthanum group: La, Pr, and most of the Nd, Sm, and £u 
with small quantities of the yttrium group, aU as double carbonates of K. Dissolve 
in 5-10 ml. of 6 N HNO3 dilute with water to 25 ml., and boil. Tliis serves to precipitate 
the La group as hydroxides. 

Unite this precipitate of lanthanum earth hydroxides with the similar precipitate ob- 
tained in (14). Dissolve in 5-10 ml. of 6 iV HNO3, evaporate to dryness in a porcelain 
crucible, mix with 2 drops of 6 HNO3, 2 drops of water and 7 g. of NaNOa. Heat 
5 hours at 445°; this serves to convert nearly all of the Pr as brown Pr02. Cool and e:t- 
tract the melt with cold water. 


9. Residue from 8: Transfer the impure PrOa precipitate to a flask with 20 ml. of 
NaAc and 4 ml. of N HAc. Shake occasionally for 10 minutes and filter. 


10. Residue from 9: Pr02 with some La203 and NdaOs. If the residue is very dark 
colored, do not treat it further. Othervdsc dissolve in 5 ml. of hot, 6 W HCl. Add 5 
ml. of water and make ammoniacal. A light green piecipitale is probably Pr(OH3) 
and will change to brown Pr02 on ignition. 


11. Solution from 9. Make the acetate solution basic with NHiOH. If a precipitate 
forms, rare eaiths ari present. If ihc residue (10) was dark colored, discard this hy- 
droxide precipitate. Otherwise filter it off and ignite in an open crucible. A chocolate 
brown residue contains Pr02. 
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12. Water E.xtract from 8: Most of the La with some Nd and Sm. Make slightly am- 
moniacal, filter off the rare earth hydroxide, and reject the filtrate of sodium salts. Dis- 
solve in 50% K2CO3 solution using 1 ml. for each mg. of precipitate. Add 8 times as 
much water and heat in nickel or platinum for 2 hours on the steam bath. A white 
flocculent precipitate is KLa(C03)a. Filter it off, ignite the precipitate in a porcelain 
crucible, and add 2 drops of 6 N HNO3. A white residue confirms the presence of La; 
if the double carbonate contained Pr, brown PrOu would be formed. Filter, add HCl, 
boil off CO2, and add NH.1OH; a precipitate indicates Nd, Sa, or the yttrium group. 

13. Filtrate from 7: Yttrium group: Gd, Tb, Dy, Ho, Er, Tu, Yb, and Y with small 
quantities of the lanthanum group, especially Nd, Sm, and Eu. Add HCl in slight 
excess, boil off CO2, and make basic with NHtOH. Filter and reject the filtrate. 

Dissolve the precipitate in 5-10 ml. of 6 A* HCl, evaporate to dryness, moisten with 12 
iV HCl, and dry until no odor of HCl remains. To the residue, add just 1 .5 ml. of 90% 
HCOoH. Shake well, transfer to a test tube, boil, cool, and let stand 10 minutes. 
Filter and wash with a mi.xture of 0.3 ml. FICO2H and 1 ml. of 6 N NFLOFI. 


14. Precipitate from 13: A crystalline precipitate may contain Nd, Sa, or Eu as for- 
mate. Dissolve in 5-10 ml. of 6 N HNO3, dilute to 25 ml., make ammoniacal, and heat to 
boiling. Filter off the rare earth hydroxides, using the same filter as that used to filter 
off a similar precipitate obtained in (8) and fuse with NaNOs as there directed. 


15. Filtrate from 13: The Yt group of rare earths. Dilute to 25 ml., make ammoniacal, 
and boil. A white or reddish-white precipitate shows the presence of the ytudum group, 
the separation of which is so difficult and tedious that it will not be discussed here. 


16. Solution from 15: NH-iScF^. Add 2 ml. of concentrated H2SO.j and evaporate to 
dense fumes. If Sc is present, it is left in the strongly fumed acid as a white translucent 
mass. If such a residue is visible, dissolve it in 10 ml. of water, and precipitate Sc(OH)3 
by adding NH4OH. Dissolve the Sc(OH)3 precipitate in 5 ml. of 6 N HCl, evaporate- 
to dr>'ness in a platinum dish, add 4-5 drops of water and a drop of HF. A white pre- 
cipitate of ScFs, soluble in e.xcess HF, shows Sc to be present. 




THE RING OVEN METHOD 


By Herberl VVeisz 

Professor of Clicniistr) 
Chemische Laboraloiiuin, Univcrsitact 
rtcibuig/Uicis^ii, Ccrinany 


I'lic Ring Oven mctliocl^ was oiigiiially developed to carry out clicinical sep- 
aiatioiis in one single drop of sample solution. The ring oven (Fig. 3-1) consists 
essentially of a cylindrical healing block, H, made of aluminum (other materials 
have also been used: stainless steel, gold plated copper, glass, etc.) which bears in 
its center a bore hole of 22-mm. inner diameter (dotted line). A heating wire is 
installed in this block. An adjustable resistance serves to regulate tlic tempera- 
ture of the heating block, which sliould at the surface l)e about II0-115’C., if 
working with aqueous solutions. The test drop is placed in the center of a round 
filter (55-mm. diameter) by means of a self-filling capillary pipet (-^1.3 /il. >olume). 
One group of substances is precipitated in this test drop using an appropriate 
reagent (e.g., HnS) and tlius fixed loatlly in the fleck on the paper. The filter 
paper is then placed on the ring oven so that the spot lies just underneath die 
guiding glass tube, Cl; this glass tube roust stand vertically, point exactly to the 
middle of the bore hole, and end several millimeters above the surface of the heat- 
itig block. The unprccipitaicd parts of the sample spot arc then washed away 
from the precipitate fixed In the spot by means of a suitable solvent (water, acid, 
ammonium hydroxide, alcoliol, etc.) applied by a capillary pipet. Tins washing 
pipet just fits into the narrow glass guiding tube, Gl. 

The substances dissolved in the applied solvent migrate outward, due to tlie 
capillary action of the filler paper, until they reach the edge of the bore hole of 
the hot healing block. There the solvent evaporates and tlie solutes are deposited 
in a very narrow, sharply outlined ring zone of 22-mm. diameter. 

The electrical lamp, L, underneath the heating block, enables die washing- 
out procedure to be controlled more readily. The area between the initial spot 
and the ring zone is naturally free of sample components; consequently, the inner 
spot— bearing the precipitated group of the sample— can be cut out mechanically 
y means of a punch of proper size. Tlie precipitate on tlie little disc can be 
treated m a suitable way, such as oxidation, and then separated further by an- 
other precipitation. Then, tlie little disc is placed centrally on a fresh round 
hiier and again extracted with an appropriate solvent on the ring oven, just as 
th^gli the disc were nothing but an ordinary spot on the paper. 

le resu ting rings have a widtli of about 0.1-0.3 mm.; the area of tliese rings 
IS consequently much smaller than Uie area of the initial spot. Therefore the 
concentration of the washed-out substances is even greater in the ring than in the 
oriffinal snnt. ® ® 


\V^ I^'^WavSlev Sh ^039; Stepher 

Anil X, 429. 1957. 

“Ballczo, H.. Mikrochim. Acta, 1959, 314. 
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The filter is divided into several sectors, and on the individual sectors the vari- 
ous members of the corresponding group are identified by spraying with suitable 
reac-ent solutions. Sharply outlined circular arcs of the respective color appear on 
the^ectors if the substance in question is present. 



Several auxiliary items of equipment have been described (pipets, sample pipets, 
glass-holder, gas-generator, etc.). 

^Vith the aid of tltis method, a separation procedure for 14 metals has been 
worked out," which needs only one single drop (1.5 /xl.) containing a few micro- 
grams of solid test material. The metals are divided into 4 gTOups (3 rings and 

A separation procedure for 35 metallic ions has also been described, which em- 
ploys both liquid-liquid extraction procedures and the ring oven method.^ 


"Weisz., H., Mikrochim. Acta, 195-1, 376; Bank, C. A., and van 
blad, 51, 351, 1955. 

sAVest, P. AV., and Mukherji, K., .Anal. Chem., 31, 947, 1959. 


den Eijk, Chem. AVeek- 
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This technique enables semiquaiidtative spot-colorimetric analysis; the results 
have only an error of ±5-8%, using a total of about 2 micrograms of the respective 
ion.® 

The ring o\en metliod may also be employed in combination with clectrograpliic 
sampling for qualitative and semiquaiititative analysis of steel and alloys.^® 

The use of this method for the examination of tiny amounts of radioactive 
materials has also been described.^* Combinations with paper chromatography 
have been worked out.® 
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Chapter 4 


MECHANICAL SEPARATION 

By W, Stanley Clabaugh 

Chemist, Food and Drug Adminislralion 
Department of Health, Education and Welfare 
Washington, D. C. 


Introduction,— hi quantitative analysis the final determination of an element or 
compound is based on the physical measurement of a physical or chemical prop- 
erty of the substance, the magnitude of which is a function of the amount present. 
Before the final determination can be made the element or compound is usually 
separated by some mechanical method. The performance of such a cliemical anal- 
ysis is an art that requires the analyst to combine his knoAvledge of the theory of 
analytical chemistry witli his highly developed mechanical manipulative skill. Any 
one who has acquired sulficient mechanical skill to perform an exact quantitative 
analysis can adapt to the perfoimance of a less accurate one but the converse of 
diis is not true. 

There are several basic separations in analytical cliemistry that are either com- 
pletely mechanical or depend largely on a mechanical operation. The separations 
are: (1) solids from solids; (2) solids from liejuids; (3) solids from gases; (-1) liquids 
from liquids; (5) liquids from gases; and (6) gases from gases. In each of these 
separations the accuracy one obtains depends on the care with which the analyst 
meclianically transfers the original sample and the separated components, whether 
they are solids, liquids, or gases, and the efficiency of the particular mechanical 
separation involved. 

Separation of Solids from Soh’ds.— Usually the mechanical separation of solids 
from solids depends on the physical property of size. A weighed sample of the 
solid material is placed in the top compartment of a nest of sieves. The sieves are 
shaken for a specified length of time either by hand or by a mechanical shaker, 
although tire latter methocl is preferred. The amount of material that is retained 
on a sieve of a specified size is collected and weighed. The sieves are available 
in standard sizes 10, 20, 40, 100, 200, etc., mesh, and are made of brass, steel, or 
plastic. For separating solids that are of subsieve size, one can use other methods, 
which depend on the fact that the resistance of a solid particle passing thromdi a 
specified liquid or gaseous atmosphere depends on the size of the particle, °and 
dtus, the solid particles will be separated according to size. 

The determination of the size of solids is extremely important to many proc- 
esses. The strength of concrete, for instance, depends on the amount and size of 
the aggregate used. The quality of many paints depends on the size of the vari- 
ous pigments. The rates of chemical reactions depend on the size of the raw 
teed material. Many more examples could be cited. 
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Separation of Solids from Liqiiids.-The: solid lo be separated from a liquid is 
usually a precipitate that is formed in the solution. The exact condition lor die 
formation of a filterable precipitate is outlined in each particular method. The 
principle of the actual separation is similar lo that employed in the separation of 
iolids from solids except that the sieves are replaced by filters of porous porcelain, 
fritted glass, sintered stainless steel, porous platinum, or filter paper. 

Filoration.-The filtration step in analysis is of extreme importance. The qual- 
ity, as well as die quantity, of an analyst's work is controlled to a large extent 
by his selection of the filtering medium and the filtering apparatus. The majority 
of filtrations are made through pajier at atmospheric pressure. Quantitatise filter 
paper is available in various degrees of fineness, and the fineness of the paper to 
be used is determined by the character of the precipitate. The amount of pre- 
cipitate to be collected, and not the volume of liquid to be filtered, determines 
whicli of the various sizes of filler paper available should be selected. The whole 
precipitate should not occupy much more ilian one-third of the capacity of the 
folded filter paper. 

The proper fitting of the filter paper in a funnel is an art tliat can be mastered 
only by constant practice. When properly set. the filtering paper should fit the 
funnel snugly at the top and its top edge should be about 10 to 15 mm. below 
the rim of the funnel; tlic paper should not touch the sides of the funnel for the 
rest of its length. If the paper has been properly fitted, water should pass tlirough 
it rapidly, leaving the stem of the funnel full of water. 

The characteristics of precipitates vary according to die type of precipitate and 
to the method of formation. Some are gelatinous; others arc crystalline and may 
vary in size from very small to relatively large crystals; some have a strong tend- 
ency to creep wliile others may stick fast to the sides of the beakers. It is recom- 
mended that the walls of the beaker be thoroughly scrubbed with a well wetted 
rubber-tipped "policeman,” and. in some instances, litis policing should be sup- 
plemented by rubbing the sides and bottom of the beaker witli a small piece of 
quantitative filter paper. The analyst should guard against die possibility of any 
precipitate escaping beyond the upper edge of the filter paper, as well as creeping 
down the sides of the beaker. In other words, make sure all of the precipitate is 
transferred from the beaker to the inside of die filter. 

All precipitates are partially soluble, especially if recently produced, and proper 
precautions should be taken with respect to both their formation and subsequent 
washing. In general, precipitates should not be washed with water alone but with 
water containing a small amount of a common ion to decrease the solubility of 
Ae precipitate. The amount and kind of washing solution that must be used 
depend on the nature of the precipitate and how the precipitate is to be de- 
termined, Uiat is, whether the precipitate is to be ignited and weighed or dissolved 
and titrated. Gelatinous precipitates, such as the R .,03 group, require more wash- 
ing than crystalline ones, such as magnesium ammonium phosphate. The best way 
to was the precipitate and the amount and kind of washing that is required to 
remove any interfering substances must be determined for eacli new set of con- 
ditions. 

^ Centrifugation.— The centrifuge can be used to great advantage in some separa- 
tions of sohds from liquids. It is extremely useful for washing precipitates by de- 
cantation, and for collecting difficultly filterable precipitates. It may also be used for 
some routine determinations by measuring the volume of the precipitate. In the 
latter application, however, the physical state of the precipitate is of prime impor- 
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tance and the procedure must be carefully worked out and strictly followed to 
obtain reproducible results. 

Separation of Solids from Gases -Numerous rocks, minerals, ores, and salts con- 
tain various amounts of gases and vapors. Many metals and alloys likewise may 
contain various amounts of gases. For a complete analysis of such substances, the 
o-ases must be determined. This is especially true in the analysis of metals and 
alloys because their properties vary according to the kind and amount of gas 

present. . . r 

The gas to be separated may be liberated by chemical action, as for example, 

the decomposition of limestone with an acid, or by physical means, such as direct 
heating with or without a flux, such as determining gases dissolved in steel. 

Regardless of the metliod of its liberation, tbe gas must be transferred from the 
reaction vessel to the gas buret, if a volumetric method is used, or to a weighed 
absorbing system, if the gas is to be weighed, or to an absorbing liquid, if the 
gas is to be determined by some chemical reaction. 

In transferring a gas one must employ techniques similar to those used in trans- 
ferring precipitates. The transferring medium, instead of being a washing solu- 
tion, is a stream of inert gas, and the sieve or filter is either a solid or liquid atl- 
sorbant that catches and retains only the desired gas. One must be certain 
tliat the gas to be determined will neither react with, nor be absorbed by, the 
tubes and vessels through which it is transferred from one place to another. Par- 
ticular attention should be given to the types of lubricants used on stopcocks and 
ground glass joints. Likewise, care must be taken in the use of rubber and plastic 
tubing. In the actual determination, the gases must be mechanically driven by a 
stream of inert gas through a series of absorption media to remove interfering 
gases, and finally into the medium that absorbs only the gas to be determined. 

Separation of Liquids from Liquids. The mechanical separation of liquids from 
other liquids depends primarily on the physical property of density, i.e., one liquid 
phase must float on top of the other liquid phase. In addition, the liquids to be 
separated must be completely immiscible in each other, or the mutual solubility of 
each in the other must be known, so that final analytical results can be corrected 
for any error. In some separations, if the two liquids are not immiscible, a third 
substance, which is soluble in one of the liquids, may be added to the mi.xture, 
causing die two liquids to separate into two phases. The apparatus most com- 
monly used for such mechanical separations is the separatory funnel. Separatory 
funnels are available in a variety of shapes and sizes. In the separation of some 
liquids, a reagent may be added that reacts with one of the liquids to form a 
precipitate, and in this case the separation is that of a solid from a liquid. 

Separation of Liquids from Gases.— There are several mechanical methods of 
separating liquids from gases. One of the most commonly used is the displace- 
ment, or sweeping out, of the gas to be determined by an inert gas; carbon diox- 
ide, for instance, can be completely removed from distilled water by bubbling a 
stream of air, free from carbon dioxide, through the distilled water; similarly, oxy- 
gen can be removed by a stream of argon or other inert gas. This displacement 
process is very similar to the washing of a precipitate in that the stream of inert gas 
IS the washing medium and the gas to be determined is the material that is trans- 
ferred. If such gases are to be determined they must be completely transfeiTed 
to an absorbing medium that absorbs only the clesired gas. 

^ Separation of Gases from Gases.— li the substance to be analyzed is entirely 
gaseous, special techniques, methods, and apparatus are used. Nevertheless, the 
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transfer of die material remains mechanical, and, as in other types of analysis, 
the accuracy obtained depends on die mechanical sVill of the analyst. 

In conclusion, it can be stated dial some Lind of mechanical separation is re- 
quired in nearly every analysis, and the accuracy of the results obtained depends 
gready on the skill with which the analyst performs the particular separation. 



Chapter 5 


SEPARATION BY PRECIPITATION 


One of the most common of all methods used for the elimiuatiou of interfer- 
ence in an analytical procedure is Ijased on separation by precipitation. Such re- 
actions are used for several diiferent reasons. The most important of these are: 
(a) to convert the desired substance to a suitable insoluble weighing form; (b) to 
precipitate the substazice to be determined specifically or selectively as a prelimi- 
nary to making the final determination by some other method, as titrimetrically; 
or colorimetrically; and (c) for the removal of interfering substances so as to leave 
the desired substance in solution for final determination by appropriate means. 

Satisfactory precipitation is achieved in most cases as follows: (a) by changing 
tile hydrogen ion concentration of the solution; (b) by the use of specific or se- 
lective precipitants; (c) by generation of rc:igents in the homogeneous phase; and 
(d) by the use of masking and demasking reagents to eliminate interference. These 
methods arc discussed more fully in the following sections. 
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PRECIPITATION BY CHANGE 
OF HYDROGEN ION 
CONCENTRATION 

By Frank |. Wclchcr 

J'lufcssiH ol (.liciiiistr) 

Indiana Uiutcrsily 
Indianapnlis. Ind. 


Precipitation by regulation of the hydrogen ion tonccntraiion of a solution is 
one of the most widely used operations in analytical chemistry. Metal ions are 
frequently separated by precipitation as the hydroxides, sulfides, phosphates, car* 
boiiates, chromates, and oxalates. Since these and m.'iny other precipitating ions 
are anions of weak acids, ilictr concentration in solution is dependent on tlie 
hydrogen ion concentration of the solution. Therefore, if tlicrc is a sufficient dif- 
ference in tlte solubility of two (or more) metal hydroxides, or of any of the abosc* 
mentioned salts, important separations can be accomplished by fractional precipi- 
tation by a suitable control of the pH of the solution. Tlte problem of fractional 
precipitation is largely a matter of determining the pH ut which the precipitation 
of a giveit component (or components) shouhl be carried out, and the proper 
method for adjusting tlic solution to, and mainuining at, this pH. 

PRECIPITATION OF METALS AS THE HYDROXIDES 

The separation of metals by fractional precipitation as tlieir hydroxides is of 
great importance jjj anaJy/irjJ ihemisiry lor the ioBowhtg reasons: (J) the solu- 
bilities of the metal hydroxides vary widely, ranging from the extremely insoluble 
hydroxides of iron and titanium to the eery soluble potassium hydroxide; (2) tire 
hydrogen ion conceirtration and, consetjuently, the hytltoxyl ion concentration, of 
a solution may be adjusted to any \aluc within the wide range from pH <1 to 14. 
Further, the hydrogen ion concentration of a solution can be adjusted to, and 
maintained at, a relatively fixed value by the use of suitable buffers over a simi- 
lar range. 

Precipitation with Ammonium Hydroxide.— Ammonium hydroxide is one of the 
most commonly used reagents for the precipitation of metal hydroxides or oxides. 
The number of metals so precipitated is rather large, and includes the following: 
aluminum, beryllium, chromium, gallium, indium, iron(ni), niobium, the rare 
earths, tantalum, tlrallium, thorium, titanium, uranium, and zirconium. In addi- 
tion, arsenic(V), phosphoru5(V), and vanadium(V) are also precipitated as arsen- 
ates, phosphates, and vanadates with one or more of the above ions. 

Alone, arsenic, chromium(VI), maiigaiiese(VII), phosphorus, sulfur, and vana- 
dium(V), aie not precipitated in either strongly acidic or strongly b.isic solution. 
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Silicon and the higher oxidation states o£ antimony, lead, manganese, titanium, 
and tungsten are predominantly acidic in character and consecjnently their oxides 
and hydroxides are precipitated from strongly acidic solutions,^ 

Barium, calcium, magnesium, manganese, and strontium are not precipitated by 
ammonium hydroxide in the presence of ammonium chloride. Cobalt, copper, 
nickel, and zinc ions precipitate, but redissolve due to the formation of complex 
ammines. 

Wdien ammonium hydroxide precipitation is used fjuantitatively, silicon and 
metals of the hydrogen sulfide group should be absent, or if present sliould be 
removed prior to the hydroxide precipitation. This is necessary even though some 
of these ions are almost completely precipitated by ammonium hydroxide. 

Ammonium hydroxide is not generally satisfactory if much zinc is present, par- 
ticularly in the presence of chromium. Results are also usually unsatisfactory if 
cobalt or copper is present. Boron interferes, and sliould be removed. 

The method used in precipitating with ammonium hydro.xide depends on the 
ions present. Thus, for the precipitation of aluminum, and of phosphorus in the 
presence of aluminum or iron, the pH of the solution must be adjusted very care- 

T.\ble 5-1. Approximate pH of Precipit-viton' of Hvdroxidf.s and Oxides* 
Element pH Reagents 


Nb, Si, Ta, W 
Sb(V), Sn(IV) 

MN(IV) 

Pb(IV) 

Os(IV) 

Ce(IV), Sb(III), Ti, Zr 

Fe(III), Hg(I), Hg(N 03 ) 2 , Sn(II), Th 


U(VI) 

-M, Be, Cr(III), Ir(IV) 

Cu, Fe(II), Nd, Pb, Pd, Rh, Ru, Sm, 
Y, Yb 


Cd, Ce(III), Co, La, Ni, Pr, Zn 
HgCb, Mn(II), Ag 


Mg 

Fa, Ca, Sr 


< 1 Cone. HCl, HNOa, HC 104 , H 2 S 04 

<1 Cone. HNO;!, HCIO^ 

<1 Cone. HNO.i or HCIO^ with 

KC10;i 

< 1 Cone. HNO;t 
1-2 

2- 3 

3- 4 pH 3-5: 

Acetic acid — Acetate 
Benzoic acid — Benzoate 

4- 5 

5- 6 

6- 7 pH 6-8 : 

BaCO,-i, CaCOs, CdCOs 
HgO, ZnO 

7- 8 

8- 9 pH 8-10: 

NH.iOH — ^NH4C1 (except Ag) 
MgO(pH 9.5) 

11 NaOtl 

>12 NaOH (Incomplete) 


Lundell, G. E. F., Bright, H. A., and Hoffman. I. I., Applied Or- 
^ 2nd Ed., John Wiley and Sons. New York. 1953. 

910 a ^Fese values are taken from the work of Britton, H. T. S., f. Chem Sor I'O'; 

me'ttk arJ’ %dTOgen Ions, Chapman and Hall, London, 1932. Values for the platinum 
124 19^7 Partridge, H. M., Ind. Eng. Chem., Anal. Ed., 9 

1 ^47, and by R. Gilchrist at the National Bureau of Standards. . ’ 
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fully, since only a slight excess of ammonium hydroxide is permissible. This is 
also probably true for beryllium, gallium, and scandium. On the other hand, 
careful neutralization is not similarly necessary for elements such as iron, titanium, 
and zirconium, which are quantitatively precipitated at lower pH.t 

The pH at which precipitation of a meUl hydroxide begins is fairly dcRnite. 
but depends somewhat on the concentration of tlie metal ion. For example, zinc 
hydroxide begins to precipitate at pH 5.80 from a 0.25 M zinc sulfate solution, at 
pH 6.17 from a 0.05 M solution, and pH 6.5 from a 0.01 M solution.^ The pH 
at which precipitation begins also depends on the kind of anions present. Thus, 
laiithanum(III) hydroxide begins prccipimtion at pH 7.61 from a sulfate solution 
and at pH 8.03 from a chloride solution.* 

Further, for most hydroxides there is a range of 1.5 to 2 pH units from the be* 
ginning of precipitation until precipitation is complete. Thus, if the metals are 
arranged in the order of pH of precipitation, there is an overlap of die range 
of completeness of precipitation. This is shown in Table 5.1, whicli gives the 
approximate pH for die precipitation of the hydroxides of the various metals. 

Despite the overlap of precipitation range, however, as a general rule metals for 
which pH values for the beginning of precipitation differ by as much as 3 pH 
units, should be separated by fracuoii.il precipitation of their hydroxides unless 
the relative concentrations of the ions is not favorable. Thus, by a proper coii' 
trol of pH, aluminum, c!iromium(lII). and iron(lll) can be separated from barium, 
calcium, cobalt, manganese, nickel, strontium, and zinc. Iron(IIl) is easily sep* 
orated at pH 3, aliiiough separations of aluminum and chromium arc more dif> 
Rcult, since for most conditions of pH these metals arc not (quantitatively sep* 
arated without precipitation of some other mct.ils. 

The proper pH for the separation of one element from anodier is the lower of 
the two pH values for the precipitation of the two components. The amphoteric 
elements, such as aluminum. chromium(III), lin(ll), and zinc are exceptions to 
this rule. The hydroxides of these metals (lissolve in an excess of a strong base. 
Separations based on amphoterism, however, arc not extensively used in quanti* 
tative analysis, because resolution is not usually complete.® 

It should be noted that for several reasons there are objections to quantitative 
separations based on the precipitation of hydroxides with ammonium hydroxide. 
The precipitates of the hydrous oxides arc gelatinous, and consequently difficult 
to filter and wash. Further, cliey have a strong tendency to absorb both anions 
and cations from the solution and thus produce an impure precipitate. Despite 
these practical objections, however, the metiiod is capable of yielding very satis- 
factory results for a number of important applications. 

Precipitations with Suspensions of Slightly Soluble Oxides and Carbonates.-- 
Satisfactory methods have been developed for precipitating the polyvalent metals 
by adjusting the pH of the medium with slightly soluble oxides and carbonates. 
These substances exert a buffer action when the corresponding metal ion is pres- 
ent in the solution. Oxides and carbonates for which procedures have been de- 
scribed are as follows: 

(I) Barium Carbonate.— This compound has been used for the separation of 
aluminum, chromium, iron(HI), titanium, uranium, and zirconium (also phos- 


!’ ^anieda. T., J. Am. Chem. Soc., 53, 832, 1931. 

inillan,N^’YorkVl943 Textbook of Quantitative Inorganic Analysis. Mac- 

-> Ayres, G. H., Quantitative Chemical Analysis, Harper and Bros., New York, 1958. 
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phorus and vanadium in the presence o£ the preceding metals) from cobalt, iron, 
manganese, nickel, and zinc. Zinc and manganese arc more completely separated 
diaircobalt and nickel. Beryllium is completely precipitated from a hot solution, 
but only incompletely from a cold solution. Metals of the cerium group arc 
precipitated from a hot solution. They are also precipitated from a cold solution, 
diough some slowly. Yttrium group metals are precipitated only incompletely, 
and also slowly. 

(2) Cadmium Carbonate.-Cadmium carbonate gives a solution of pH 6.5, and 
has been used for the separation of chromium and vanadium from iron(Il). Sulfate 
does not interfere.'^ 

(3) Calcium Carbonate.— Calcium carbonate gives a pH of 7.1. It is less satis- 
factory than barium carbonate for separations. 

(4) Lead Carbonate.— Lead carbonate gives a solution of pPI 6.2, and precipi- 
tates completely cerium(lV). iron(IIl), tliorium, and zirconium. The following are 
not precipitated: cerium(III), lanthanum, neodymium, praseodymium, samarium, 
yttrium, and the yttrium group metals. Aluminum, chromium(IIl), and uranium 
are only incompletely precipitated." 

(5) Magnesium O.vide.— Magnesium oxide gives a pH of 10.5, and is used when 
a strongly basic solution is required. 

(6) .Mercuric Oxide.— Mercuric oxide givc.s a pH of 7.4, and is best used as a 
precipitant for solutions containing the chlorides of the metals. Aluminum, 
chromium, and iron are completely precipitated from a cold solution, but the 
precipitate usually contains barium, calcium, and strontium if these ions are pres- 
ent. Beryllium, cerium(III), cobalt, lanthanum, nickel, and zinc are incompletely 
precipitated from both cold and hot solutions, but are more completely precipi- 
tated from hot solutions. Manganese is precipitated slowly or not at all from cold 
solutions.® 

(7) Zinc Oxide.— Zinc oxide gives a pH of 5.5, and is useful for precipitation 
from solutions containing .svdfuric acid or sulfates. In the presence of large 
amounts of iron(III). zinc oxide precipitates completely aluminum, arsenic, chro- 
mium, iron, phosphoru.s, tin, titanium, uranium, vanadium, tungsten, and zir- 
conium, and almost all copper, molybdenum, and silicon. Very little cobalt or 
manganese is precipitated, and a second precipitation gives a complete separation 
of cobalt and manganese from the above-mentioned elements. Separation of nickel 
is not entirely satisfactory.'-' 

Precipitation xoith Weak Organic Bases.— A number of weak organic bases have 
been used as satisfactory prccipitants for certain of the metal hydroxides. These 
are: 

(1) Phenylhydrazine.— This compound precipitates quantitatively thorium, ti- 
tanium, and zirconium (and also aluminum under certain conditions) from dilute, 
slightly acidic solutions of salts of these metals. Phosphorus and vanadium are 
also precipitated completely if not in excess of the other metals present. Cerium, 
iron(III), and uranium are reduced and precipitated only incompletely, if at all. 

Cadmium, cobalt, mercury, nickel and zinc, w'hcn present in sufTicient concen- 
tration, may form slightly soluble addition products with the reagent. Calcium, 
iron(II), magnesium, manganese, and strontium are not precipitated. Some impor- 

®Cam, J. R., j. ind. Eng. Chem., 3, 478, 1911. 

•Giles, AV. B.. Chem. News, 92, 1, 30, 1905. 

Z- anorg. Chem., 7, 82, 1892. 

HofEnian, J. I., Bur. Standards J. Research, 7, 883, 1931. 
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tant separations which have been recommended arc: (a) titanium and zirconium 
from iron; titanium, thorium, and zirconium from beryllium; and aluminum from 
iron; and (b) aluminum from calcium, iron, magnesium, and manganese.^^ 

(2) Aniline.-Aniline precipitates quantitatisely aluminum, cerium, chromium, 
iron(III), thorium, titanium, and zirconium. Calcium, iron(n), magnesium, man- 
ganese. and strontium are not precipitated.’® Aniline has been used to separate 
thorium from lanthanum and praseodymium, and also zirconium from lantha- 
num ,^2 and chromium from manganese.’® 

(3) Quinoline.— This reagent precipitates quantitatiscly the hydroxides of cerium, 
lantlianum, neodymium, praseodymium, thorium, and zirconium.’* 

(4) Hexamethylenetetramine.— This weak base precipitates hydi oxides of alumi- 
num, chromium, iron(III), and zinc when boiled with aqueous solutions of their 
salts.” Titanium, uranium, and zirconium are also precipitated from solutions 
containing ammonium diloride.’® This rc.igciit has been used to separate alumi- 
num and iron from the alk.di metals, c.ilcium, cobalt, manganese, tiickcl, and zinc.” 

(5) Pyridine.- Pyridine precipitates quantitatively aluminum, chromium, iron, 
titanium, uranium, and zirconium.” This re.igent has been used to separate 
aluminum, cliromium, and iron from cobalt, mang.incse, and nickel. 

Precipitation with Buffer So/tiltons.— Various buffers have been used to control 
the pH of a solution so as to cilcct practicil separations of metals by precipitation. 
The most important of these arc; 

(1) The Basic Acetate Method.— Although tJie basic acetate method has largely 
been replaced by ammonium hydroxide precipitation, it may still be used to ad- 
vantage in a number of important separations. In this method the pH of the 
medium is adjusted by an acetic acid-sodium acetate or acetic acid-ammonium 
acetate buffer. It is principally used to separate iron(Ill) from cobalt, copper, or 
zinc; or iron(III) from nickel when cither is present in huge amount; or large 
amounts of iron(III) from m.ingancsc. An important advantage of such separa- 
tions is that there is little local lowering of pH during precipitation, and conse- 
quently little coprecipitaiion of the divalent metals. 

The basic acetate method is not s.iti$ractory for aluminum, since zinc and other 
metals are partially precipitated. Two precipitations, however, give good separa- 
tions. This method cannot be used for cliromium, uranium, and some of the rare 
earth metals, although precipitation of ceriuni(2V), thorium, and zirconium is 
apparently complete from a boiling solution. Phosphorus is also precipitated if 
not in excess of other metals which form insoluble phosphates. Phosphorus can 
be removed by first adding a known weight of pure iron(III) chloride as a pre- 
liminary to Uie determination of the alkaline earth metals and magnesium in the 
analysis of some phosphates.’* 

. (2) Sodium Succinate.— This re.igeiit has been used to separate aluminum and 
iron from cobalt, manganese, nickel, and zinc. It is equally as useful as the basic 


10 Allen, E. T.. J. Aok Chem. Soc. 25, 421. 1903. 

12 T^fF^r ^ ^^"’Phell, E. D . J. Am. Clicm. Soc., 21, 77G, 1899. 
jeffer^n, A.^ M J. Am. Chem. Soc., 24, 540. 1902. 

^ ^‘^hrau.r., W.. Chem.-Ztg., 33, 1237. 1909. 

-Ray 

PhaVrSoc japan', sSf ll;' raj.'’"' 

1937^*^'^°”"''’^' ^ 244, 193G, and Zavodskaya Lab., 6, 16, 

’8 Hillebrand. W F Liindcll. G E. T.. BriRlii. H. A., and Hoffman 1. L, Applied 
Inoreamc Analysis. 2nd Ed., John Wiley and Sons. Xeu York, 1953. 
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acetate method for sejxuating iron and aluminum from nickel, but is less so for 
separating iron from cobalt, manganese, and zinc. Less care is reciuired in ad- 
justing the pH than with the basic acetate method, and aluminum is more com- 
pletely precipitated. This buffer does not always give satisfactory results. 

(3) Benzoic Acid-Ammonium Benzoate.— This buffer gives excellent results for 
the precipitation of aluminum, chromium, and iron, which is cjuantitative at pH 
3.8. Not any of the divalent metals precipitate under proper conditions, and 
coprecipitation is very slight when correct procedures are employed. 

(4) Formic Acid-Sodium Formate.— Since formic acid has an ionization constant 
approximately ten times that of acetic acid, a formic acid-sodium formate buffer 
can be used w'hen precipitation is to be carried out at a lower pFI than for the 
basic acetate method. This system, however, does not in all cases give satisfactory 
results.-" 

(5) Salicylic Acid-Ammonium Salicylate.— This l>nfrer has been used for the sep- 
aration of niobium, tantalum, thorium, and zirconium from aluminum and ti- 
taiiium.-i A fair separation of niobium and tantalum from titanium is achieved 
by repeated precipitation with salicylic acid.-- 

Precipitation luith Reagents That React ivith the Hydrogen Ion.— A useful 
method for adjusting the pH of a solution consists of adding a reagent, or a 
mixture of reagents, which react with the hydrogen ion. For example, if a solu- 
tion of an aluminum salt is boiled with sodium or ammonium nitrite, the hydro- 
gen ion formed by the hydrolysis of the aluminum salt combines with the nitrite 
ion to form nitrous acid, which decomposes with the formation of water and the 
evolution of the oxides of nitrogen. Iron and chromium are also precipitated in 
this manner. Other reagents which have been used for a similar purpose are 
potassium cyanate,-* sodium thiosulfate,^® and mixtures of potassium iodide and 
potassium iodate or potassium bromide and potassium bromate.-" The latter re- 
.agents have been used for separating such elements as aluminum, chromium, iron, 
cobalt, nickel, and tin,-" and bismuth from cadmium, copper, lead, and zinc.-"^ 
Sodium hyposullite, Na^.S.jO^, has been used to reduce iron and pricipitate alumi- 
num and beryllium.2" 

When urea is boiled with a weakly acidic solution it hydrolyzes slowly to form 
ammonia, which causes a gradual increase in the pH of the solution. This is one 
of the better reagents used for the precipitation of the Iiydrous oxides of the poly- 
valent metals. 

The reagents included in this section are used for the precipitation from homo- 
geneous solutions, which is discussed more fully on page 139. 

Precipitation ivith Sodium Hydroxide.— Sodium hydroxide is not so frequently 
used for hydroxide precipitation as ammonium hydroxide. It has been used, how- 
ever, to separate chromium, iron, titanium, the rare earths, and zirconium from 


KolthofY, I. M., Stenger, V, A., and Mojikovitz, B., T. Am. Chern. Soc., 36, 812 1934 
-0 Funk, W., Z. anal. Chein., 45, 503, 1906. 

^^Diurich, M., and Freund, S., Z. anorg. Chein., 56, 344, 1907. 

-- Mullev, J. H., }. Am. Chem. Soc., 33, 1506, 1911; Schoeller, W. R., and Deerin" E G 
Analyst, 52, 625, 1927. ’ 

-«Schirm, E., Chem. Ztg., 33, 877, 1237, 1909; 35, 980, 1911. 

=*Ripan, R., Bull. Soc. Stiiiue Cluj, 3, 311, 1927; 4, 28, 1928. 

2®Clennel, J. E., Metal Ind., 21, 273, 1922. 

26Glassman, B., Ber., 39, 3368, 1906; Moodv, E.. Z. anal. Chem., 46, ^47 ion?- Stork 
A-. Ber.. 33, 548, 1900; Slock. A., and Massadii, C., Ber., 34, 467, 1901 ’ ' 

-‘ Moody, S. E., Am. J. Sci., 20, 181, 1905. 

.Moser, L., and Maxymowicz, \V., Z. anal. Chem.. 67, 248, 192.5-26 
-"Rarbier, P., Bull. Soc. Chem., [4], 7, 1027, 1910. 
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aluminum, phosphorus, and vanadium. Titanium is not completely precipitated 
unless iron is present. The .ilkaliiic earths arc also precipitated if carbonate is 
present. Aluminum separations are not complete if magnesium or nickel is pres- 
ent. Uranium is incompleteiy precipitated if vanadium or carbonate is present. 

If an oxidizing agent, such as sodium or hjtlrogen peroxide, is used in conjunc- 
tion with sodium hydroxide, chromium, uranium, and vanadium are not precipi- 
tated. If uranium is present, sodium carbonate should also be used. Cobalt(lll) 
and nickeI{III) hydroxides are precipitated by the use of bromine or other oxi- 
dizing agents with sodium hydroxide. 


PRECIPITATION OF METALS AS OXIDES FROM SOLUTIONS 
OF STRONG ACIDS 

The oxides of the acidic elements, antimony, lead, niobium, silicon, tantalum, 
tin, and tungsten, in their highest oxhlaiion state, and mangancsc(IV), arc pre- 
cipitated from solutions of strong acids. Tungsien(Vl), tanialum(V), niobium(V), 
and silicon(fV) are precipitated by means of coiiceiitralcd hydrochloric acid, nitric 
acid, sulfuric acid, and perchloric acid. Antimony(V) and tin(IV) are precipi- 
tated by means of concentrated nitric or perchloric .icid. but not by IiydrocJiloric 
acid. Manganese dioxide is prccipiiuied by conccniratcd nitric or perchloric add 
with potassium chlorate, and lead dioxide with concentrated nitric acid. 


PRECIPITATION OF zMETALS AS SULFIDES 

The precipitation of metals as sulfides is based on the same theoretical principle 
as tliat of die hydroxides. There is an enormous dilfcrence in the solubilities of 
the metal sulfides, ranging from the very soluble potassium and sodium sulfides 
to the very insoluble sulfides of mercury(II) and arsenic (K, — ■ lO---^). Furilter, as 
with die hydroxyl ion concentration, the sulfide ion concentration can be varied 
from approximately 1 M in sodium sulfide solution to JO-"-- in a dilute hydro- 
chloric acid solution of hydiogcn sulfide. Since the sulfide ion concentration is 
related to the hydrogen ion concemrations as 


(H+PXIS-J = 1.1 X 


it is apparent that many valuable separations can be accomplished by precipita- 
tions with hydrogen sulfide in solutions of different pH. 

The elements precipitated by hydrogen sulfide may be grouped into four classes 
depending on the pH of the solution from which precipitation is made. These 
are; (1) strong acid of pH < 1; (2) dilute acid of pH 2-3; (3) very slightly acidic 
solution of pH 5-6; and (4) basic solution of pH > 7.3o 

(1) Strong Acid Solution of pH < I.— Elements of this group are precipitated 
from solutions ranging from 0.25 to 13 M in hydrocliloric acid. These elements 
are divided into two groups as follows: (a) t/ie Copper Subgroup, which consists 
of bismuth, cadmium, copper, lead, mercury, osmium, palladium, rhodium, ru- 
thenium, and silver; gallium, indium, and thallium are partially or completely 
precipitated in the presence of certain members of this gioup; and (b) the Arsenic 
Subgroup, whicli consists of antimony, arsenic, germanium, gold, iridium, molyb* 


'o- C' E. F, Bright. H. A., and Hoilman. J. I.. -Applied In- 

organic Analysis, 2nd hd., John Wiley and Sons. New \oi{v. 1953. ' 
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denura, platinum, selenium, tellurium, and tin. Tungsten and vanadium are also 
precIpUated partially or completely with certain elements of this group in the 
absence of tartaric acid. 

Precipitates of sulhdes of this group are often contaminated with elements of 
other gioups due to the formation of mi.xed sulfides. Zinc, for example, is pre- 
cipitated with cadmium, copper, and mercury; diallium with antimony, arsenic, 
and copper; and cobalt and nickel with tin(IV). 

There are few useful separations within this group based on hydrogen ion con- 
uol. The order of increasing solubility of the sulfides is approximately: ar- 
senic(V), arsenic(III), molybdenum(VI), mcrcury(Il), copper, antimony, bismuth, 
tin(I\9. cadmium, lead, tin(II). 

The most important separation is based on the fact that of this group only 
arsenic(V) is precipitated from cold 10 hydrochloric acid. This yields a satis- 
factory method for the separation of arsenic from antimony and tin, but it fails 
widi copper, germanium, mercury, and molybdenum, which also form slightly 
soluble sulfides. 

Precipitation of sulfides of this group is usually carried out from hydrochloric 
acid solution, although molybdenum and platinum are more easily precipitated 
from sulfuric acid. 

(2) Dilute ^Icid Solution.— h\ the absence of members of the preceding group, 
and also elements which hydrolyze at a pM of 2-3, a number of elements may 
be precipitated with hydrogen sulfide from a 0.0 1 iV sulfuric acid solution. Sep- 
aration from the members of the next group is not sharp, and for accurate results, 
reprecipitatioit must be carried out. The clement most successfully precipitated 
in this group is zinc, and this results primarily from the fact that gallium, indium, 
and thallium, which usually cause difficulty, are not often present. A proper pH 
for precipitation within this group is given by a 0.01 N solution of sulfuric acid. 
Precipitation of zinc sulfide from a formic acid solution containing ammonium 
citrate and formate gives good results. 

(3) Slightly Acidic Solution of pH 5-6.— The separations of cobalt and nickel 
from manganese in the absence of iron are the only useful separations within this 
group. Indium and thallium are completely precipitated, and iron partially pre- 
cipitated if much acetic acid is present. Gallium is also partially precipitated in 
the presence of certain other elements. 

The proper pH for precipitation of elements of this group is usually obtained 
by use of an acetic acid-ammonium or sodium acetate buffer. Since precipitation 
IS rarely complete in this group, special provision is necessai 7 to recover cobalt 
and nickel from the filtrate. 


(4) Basic Solution.— Most elements aie precipitated as sulfides from a basic solu- 
tion. Ordinarily, precipitation of this group follows the separation of the ele- 
ments precipitated from acidic solutions, and also is carried out in conjunction 
with complexing agents, such as tartrate. The latter eliminates interference by 
such elements as aluminum, chromium, the rare earths, titanium, and uranium. 
Following such treatment the metals precipitated are usually iron and manganese, 
and also elements of other groups, such as cobalt, nickel, and zinc. 


PRECIPITATION WITH ORGANIC REAGENTS 

'Whth organic predpitants, as rvith inorganic reagents, considerable selectivity 
can be achieved by carrying out precipitation under controlled conditions of acid- 
ity- Although organic reagents are far too numerous to consider this effect in de- 
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tail the innuettce of pH ot. the completeness of precipitation pf various caOons by 
me^ns ot S-hydrottyqSinoline will illustrate this Reneral pr.ncplc. The pH range 
tor the complete precipitation ot a number of cat.ot.s is g.ven tn lable a-Z. 
Clearly a number ot important separations arc indicated, as for example alumi. 
num non, and rinc trom calcium, magnesium, ai.d lead. Coprec.pitation causes 
difficulties, however, and a caretul control ot conditions is necessary. 


Table 5-2. Precipitation or Metals dy 8-HvDROXYQUiNOLiNr. 

pH Range for 
Complete 

Metal Precipitation Reference *' 


Indium 

2.5-3.0 

b 

Vanadium 

2.7-6.1 

c 

Iron(III) 

2.8-H.2 

c 

Gallium 

>3.1 

f 

Molybdenum 

3.3-7.6 

c 

ThaUium(IH) 

4.0-8.0 

f 

Uranium 

4.07-8.84 

c 

Cobalt 

4,33-14.5 

a 

Aluminum 

4.39-9.80 

c 

Thorium 

4.43-8.80 

c 

Nickel 

4.57-9.97 

c 

Zinc 

4.58-13.4 

a 

Bismuth 

4.8-9.4 

c 

Tungsten 

4.95-5.65 

a 

Plutonium(VI) 

5 

d 

Copper 

533-14.55 

a 

Cadmium 

5.66-14.58 

a 

Manganese 

5.87-9.51 

c 

Antimony 

6 

g 

Scandium 

6.5-8.5 

h 

Lanthanum 

>7 

e 

Lead 

8.44-12.28 

c 

Cerium(III) 

>9.4 

e 

Magnesium 

9.44-12.66 

a 

Calcium 

9.5-10 

i 


Letters refer to the following pubbeations. 
a— Fleck, H. R., and Ward, A. M., Analyst, 58, 388, 1933; 62, 378, 1937. 
b — Geilmann, W., and Wrigge, Fr. W., Z. anorg. Chem., 209, 129, 1932. 
c— Goto, H., J. Chem. Soc., Japan, 54, 725, 1933; 56, 314, 1935; Sci. Repts. Tohoku Imp. 

Univ., 26, 391, 1937; 26, 418, 1938. 
d— Harvey, G. B., et a/., J. Chem. Soc., 1947, 1010. 
e — Misumi, S., J. Chem. Soc., Japan, Pure Chem. Sect., 73, 931, 1952. 
f— Moeller, T., and Cohen, A. J., AnaL Chem., 22, 686, 1950. 
g— Pirtea, Th., Z. anal. Chem., 118, 26, 1939-40, 
h— Pokras, L., and Bemays, P. M., J. Am- Chem. Soc., 73, 7, 1951. 

1 — Rynasiewicz, J., and Polley, M. E., AnaL Chem., 21, 1398, 1949. 
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ORGANIC PRECIPITANTS 


For many years one of the principal objectives of the analytical chemist has been 
the discovery of a specific reagent for eacii element. With such reagents it would 
tlien be possible to determine each element in the presence of any other element 
without interference. Not any of die classical inorgttnic reagents are specific in 
their reactions, and accordingly the analytical dtemist has turned to the investi- 
gation of the analytical characteristics of organic compounds in an ell'ort to dis- 
cover specific reagents, A very extensive search for such compounds has been 
earned out over a long period of time, and it now appears likely tliat, although 
some reagents approach the ideal of specificity, a complete set of specific reagents 
will never be fully realized. For the most part organic compounds react with a 
group of elements, and in some cases a fairly small group, and for this reason they 
are generally regarded as group reagents, or are in otlier words selective in their 
action. 


The usefulness of selective reagents can often be improved by utilizing various 
methods for reducing the number of elements with which they react. These 
methods include a careful control of the hydrogen ion concentration of the solu- 
tion (page 92), and the use of masking agents that form stable complexes with 
elements that might otherwise interfere with a given determination. For a dis- 


cussion of common masking agents in precipitation reactions, see page 150. 

There are many important advantages in the use of organic reagents over in- 
organic reagents when used as precipitants for inorganic substances. Among these 
are die following: (a) it is often possible to attain a degree of selectivity not pos- 
sible with an inorganic reagent; (b) many organic reagents are acidic and therefore 
improved selectivity in precipitation reactions can be achieved by a careful con- 
trol of the hydrogen ion concentration; (c) the precipitates formed in reactions 
of organic reagents with inorganic ions are often e.xtremely insoluble, and fre- 
quently, too, are of very high molecular weight. They are accordingly well adapted 
to micro and semimicro procedures. 

rnere are also certain disadvantages attending the use of organic reagents. 
Among the more common of these are: (a) organic compounds are frequently of 
such low water solubility that their use is restricted, either because of the diffi- 
™lty of preparing reagent solutions, or because of possible contamination of pre- 
cipitates which they form; (b) many organic compounds are so unstable that seri- 
ous inconveniences result from their use and storage; (c) organic compounds are 
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often expensive or difficult to obtain: (d) die presence of organic constituents in 
precipitates is sotnetimes a serious disadvantage iti inotgantc analysts. 

In general however, the advantages far outweigh tile disadvantages, and the use 
of organic reagents for inorganic analysis has developed into an extremely inipor- 
lant part of analytical chemistry. ^ , 

In this section we are concerned with the organic compounds wlndi arc com- 
monly used as precipitants for inorganic anions and cations. The compounds in- 
cluded in this group are substances that differ widely in their consijtun'on and in 
iljc nature of tlieir reactions, but that possess the common clianicterislic of form- 
ing insoluble compounds with inorganic ions under certain well-defined condi- 
tions. Some of these reagents form nonii.iJ ionic sails, wJiiJc oliicrs form insoluble 
chelate compounds. Still others combine with inorganic substances in a manner 
not fully understood, as perhaps through a process insolving adsorption. Tannin 
is typical of this group. Still oUicrs do not combine directly svilh the inorganic 
substance, but react with the medium or with one another to yield products capable 
of causing the precipitation of ilicsc substances. Sucli reagents arc partictibnly 
significant in the precipitation of substances in the homogeneous phase. Thus, 
thioacetamide reacts with water to form hydrogcti sulfide, which forms predpi- 
lates with many metal ions. 

The precipitants described in the foilosviiig sections arc those which are most 
frequently used in quantitative inorganic analysis. Although fairly extensive, this 
group comprises only a very small fraction of those reagents reported in a very 
extensive literature. For other reagents, or for more detailed information on those 
included here, die analyst should consult one of ilic m.iny available tefcrcnce 
works available on tin's subject.^’ 

The organic compounds most (rcqucmly used for precipitation of the metaU 
and anions are given in Table 5-3. 


Table 5-3. Organic Precipitants 

The Metals 

Aluminum Benzoic acid 

N-Bcnzoylphcnylhydroxylainine 

Cupferron 

5,7-Dibronio-8-hydroxyqumoline 
8-Hydroxyquinoline 
Succinic acid 

Ammonium Tetraphcnylboron 

"'‘'son- C. L„ \e»v .Meibods in .\iialilical Cbeniistry. Reinhold, 
New \otk, 1955, Dusev, A. I., and Polianskii. N, C.. The Use of Organic Reagents m 
London. I960. Duval, C.. Inorganic Theimograu- 
metne Analysis, Elsevier, Amsterdam. 1953; Fdgl. V.. Chciuisirv of Specific, Selective and 
Sensitive Reactions, Acaclemic 1 ress, New York, 19(9; I'lag''^ IF, Or'^.iiiic Reagents, In- 
ifshWCo Nevv Reagents for Metals, Chemical P«h- 

AnnUc/* Fni« raHuiigsmiliel m der quanfitainc'’ 

Ijtical Rease„.s, Johr. Wiley So«:1„CS„-^Y"k, ’ ’ " 



SPECIFIC AND SELECTIVE PRECIPITANTS 


Antimony 


Arsenic 

Beryllium 


Barium 

Bismuth 


Cadmium 


Calcium 


Cerium 


Table 5-3. {Contimied) 

The Alelals 

Bismuthiol(II) 

Gallic acid 
8-Hydroxyquinoline 
Phcnylthiohydantoic acid 
Pyrogallol 
Tannic acid 

Bismuthiol(II) 

Benzoic acid 
Cupferron 
8-Hydro.\yquinoline 
Tannin 

Oxalic acid 

Benzoic acid 
Bisrauthiol(II) 

Cupferron 

8-Hydroxyquinoline 

Mercaptobenzothiazole 

Phenylarsonic acid 

Pyrogallol 

Salicylaldoxime 

Thionalide 

Anthranilic acid 

Ethylenediaminc 

2-(o-HydrQxy phenyl) benzoxazole 

8-Hydroxyquinoline 

Mercaptobenzothiazole 

/3-Naphthoquinoline 

Oxalic acid 

Phcnylthiohydantoic acid 
Phenyltrimethylammonium iodide 
Propylenediamine 
Pyridine (+ SCN') 

Quinaldinic acid 
Quinoline-8-carbo.xylic acid 
Tetraphenylarsonium chloride 

Chloranilic acid 
Oxalic acid 
Picrolonic acid 

8-Hydroxyquinoline 
Oxalic acid 


10.3 
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Cesium 


Chromium 

Cobalt 


Copper 


Gallium 


Germanium 


Gold 


Table 5*3. {Continued) 

The Metals 
Dipicrylamine 
Tctraphcnylboron 

8>Hydroxyquinoline 

Anlhranilic acid 
8-HydroxyquinoHnc 
t-Nilroso-2-naphthol 
Oxalic acid 

Phcnylthiohydantoic acid 
Pyridine (4* SCN“) 

Alizarin blue 
Anthranilic acid 
a-Bcnzoinoximc 
Benzotriazole 

N-BenzoyJphenylhydroxylaminc 

Cupferron 

5,7.Dibromo*8*hydroxyqulnoline 
Eihylencdiamine (+ Hgl4“) 
8>Hydroxyquinoline 
Mercaptobenzothiazole 
Neocupfcrron 
I •Nitroso-2*naphthol 
Phenylihiohydantoic add 
PropyJcnediaminc 
Pyridine (4- SCN“) 

Quinaldinic acid 
Quinoline-8-carboxylic acid 
SalicyJaJdnxime 
Tctraphcnylboron 
Thionalide 

o-(p-ToluyIsuIfonamide)aniline 

Cupferron 

5,7-Dibromo-8-hydroxyquinoline 

8'HydroxyquinoIine 

Tannin 

8-Hydroxyquinoline 

/3-Naphthoquinoline 

Tannin 

Dimethylglyoxime 
Hydroquinone 
Mercaptobenzothiazole 
Quinolinc-8-carboxyIic acid 
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Gold 

Indium 

Iridium 

Iron 


Lanthanum 

Lead 

Magnesium 

Manganese 

Mercury 
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Table 5-3. {Continued) 

The Metals 

Resorcinol 

Thiophenol 

Diclhyldithiocarbamate 

8-Hydroxyquinolinc 

Mercaptobcnzothiazolc 

Acetic acid 
Benzoic acid 

N-Benzoylphcnylhydroxylamiac 
p-Butylphenylarsonic acid 
m-Crcsoxyacetic acid 
Cupferron 

5,7-Dibromo-8-hydroxyquinoline 

8-Hydroxyquinolinc 

Neocupferron 

1- Nitroso-2-naphthol 
Succinic acid 

8-Hydro.xyquinoline 
Oxalic acid 

Anlliranilic acid 
8-Hydroxyquinolinc 
Mercaptobcnzothiazolc 
Phcnylthiohydantoic acid 
Phthalic add 
Picrolonic acid 
Salicylaldoximc 
Thionalidc 

8-Hydroxyquinolinc 
8-Hydroxyquinaldinc 
Oxalic acid 

Anthranilic acid 
8-Hydxoxyquinolinc 
Oxalic acid 
Picrolonic acid 
Pyridine (+ SCN“) 

Tetraphcnylarsonium chloride 

Anthranilic acid 

Cupfenon 

Ethylenediamine 

2- (o-Hydroxyphenyl) benzimidazole 
Phcnylthiohydantoic acid 
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Table 5-3. (Continued) 
The Metals 


Mercury 

Propylencdiaminc 
Tetraphcnylarsonium chloride 
Thionalidc 

Molybdenum 

a-Benzoinoxime 

Cinciionine 

8-Hydroxyquinolinc 

Nickel 

Anihranilic acid 

or-Benzildioxime 

Cyclohcptancdionedioxime 

Cyclohexancdioncdioximc 

Dicyandiamidinc 

Dimeihylglyoximc 

or-Furildioximc 

8-H)droxyquinolinc 

Oxalic acid 

Pyridine (+ SCN") 
Salkylaldoxime 

Niobium 

N-Benzoylphenylhydroxylaminc 

Cupfcrron 

8-Hydroxyqumoline 
Phenyiarsonic acid 

Tannin 

Osmium 

Benzotri azoic 

Palladium 

p-Aminoacctophcnonc 

a-Benzildioxime 

Cycloheptanedionedioxime 

Cyclohcxanedionedioximc 

Dimeihylglyoximc 

/3-Furaldoxime 

m-Nitrobenzoic acid 

1 -Nitroso-2-naphUrol 
Quinaldinic acid 
Salicylaldoxime 

Platinum 

Formic acid 

Plutonium 

Benzoic acid 

Mandelic acid 
m-Nitrobcnzoic acid 
Phenyiarsonic acid 

Picrolonic acid 
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Table 5-3. (Continued) 


The Metals 


Potassium 

Dipicrylamine 

Tctraphenylboron 

Rhenium 

Nitron 

Tclraphcnylarsonium chloride 

Rubidium 

Dipicrylamine 

Tctraphenylboron 

Scandium 

Oxalate 

Silver 

Ethylenediamme (-}- I“) 
Hydroquinone 
Propylcnediamine (-{- 1~) 
Quinolinc-8-carboxylic acid 
Thionalide 

Sodium 

Acetic acid 

Strontium 

Oxalic acid 

Tantalum 

N-Bcnzoylphenylhydroxylamine 

Cupferron 

Phenylarsonic acid 

Tannin 

Thallium 

8-PIydroxyquinoline 
Mercaptobenzothiazole 
Tetraphcnylarsonium chloride 
Thionalide 

Thorium 

N-Benzoylphenylhydroxylamine 
m-Cresoxyacetic acid 

Cupferron 

8-Hydroxyquinoline 
m-Nitrobenzoic acid 

Oxalic acid 

Phenylarsonic acid 

Picrolonic acid 

Quinaldinic acid 

Sebacic acid 

Sodium naphthionate 

Tannin 

Tin 

N-Benzoylphenylhydroxylamine 
m-Cresoxyacetic acid 

Cupferron 

Phenylarsonic acid 

Tannin 

Tetraphcnylarsonium chloride 



108 

SEPARATION BY PRECIPITATION 

Table 5-3. {fiontinued) 

The Metals 

Titanium 

N-Bcnzoylphenylhydroxylamine 
m-Cresoxyacctic acid 

Cupferron 

5,7-DibromO'8*hydroxyquinoIinc 
p-Hydroxyphenylarsonic acid 
8-Hydroxyquinol\nc 

Tannin -f- antipyrinc 

Tungsten 

Benzidine 
a-Bcnzoinoxi me 

Cinchonine 

8-HydroxyquinoHnc 

Nitron 

Tannin antipyrinc 

Uranium 

Benzoic acid 

Cupferron 

Ethylcnediamine 

8-Hydroxyquinoline 

Quinaldinic acid 

Tannin 

Vanadium 

N-BenzoylpltenyJhydroxylainine 

Cupferron 

8-H>droxyquinoUne 

Zinc 

Anthranilic acid 
8-Hydroxyquinaldinc 
8-Hydroxyquinoline 
/J-Naphihoquinoline 

Oxalic acid 

Picrolonic acid 

Pyridine (+ SCN") 

Quinaldinic acid 

Salicylaldoxime 
Tetraphenylarsonium chloride 

Zirconium 

N-Bcnzoylphenylhydroxylamine 
p-Bromomandelic acid 
p-Chloromandelic acid 
m-Crcsoxyacctic acid 

Cupferron 

p-Hydroxyphenylarsonic acid 
8-HydToxyqumoline 

Mandeiic add 
m-Nitrobenzoic acid 

Phthalic acid 
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Table 5-3. {Continued) 
The Metals 


Zirconium 

Phenylarsonic acid 
n-Propylarsonic acid 
Quinaldinic acid 

Tannic acid 


The Anions 

Ferricyanide 

Benzidine 

Ferrocyanidc 

Benzidine 

Fluoboratc 

Nitron 

Fluoride 

Triphenyltin chloride 

Molybdate 

Sec Molybdenum 

Nitrate 

Nitron 

Perchlorate 

Nitron 

Periodate 

Tetraphenylarsonium chloride 

Permanganate 

Sec Manganese 

Rerrhcnate 

See Rhenium 

Sulfate 

Benzidine 

4-Ghloro-4'-aminodiphcnyl 

4,4'-Diaminodiphcnyl 

Tungstate 

See Tungsten 

Vanadate 

See Vanadium 


ANALYTICAL CHARACTERISTICS OF MAJOR ORGANIC 

PRECIPITANTS 

A brief discussion of tlic analytical characteristics of the more important or- 
ganic precipitauts is given in the following sections. 

Acetic Acid {Sodium or Ammonium Salt).— 

CHgCOONa 

Solubility.— Soluble in water. 

Reagent.— A 12-30% aqueous solution. 

Reactions.— When a neutral solution containing iron(III) ions is boiled with 
e Him or ammonium acetate, the iron is completely precipitated as basic iron(III) 
acetate. This reaction has been used principally for the separation of iron from 
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cobalt, copper, manganese, nickel, and zinc. Aluminum is not precipitated com- 
pletely when alone, but is precipitated in the presence of iron(in). Ce{lV), tho- 
rium. and zirconium are also precipitated from a boiling solution of an acetate, 
but the method is not applicable to the precipitation of chromium, some rare 
earths, and uranium. 

Sodium is precipitated as a slightly soluble triple acetate with the uranyl ion. 
(Page 13, vol. I). The precipitate corresponds to the general formula NaM(U02)3- 
(C.,H30..)[,-6H«0 in wliich M represents magnesium, zinc, nickel, and certain 
other divaleJU metals. Salts with magnesium and zinc are most satisfactory. Otlier 
alkali metals (except lithium) do not interfere. Ammonium, barium, calcium, and 
magnesium are not precipitated. 

Alizarin Blue.— 


O 



O 


Solubility.— Slightly soluble in pyridine; insoluble in water. 

Reagent Solution.— A saturated solution In pyridisic. 

Reactions.— In a 3 sulfuric acid solution only the co])pcr(ll) ion is precipitated 
by this reagent. ‘^3 in ammoniacal solution cadmium, nickel, and zinc also pre- 
cipitate. This is said to be a specific reagent for copper. 
p-Aminoacetophenone.— 



Solubility.— Soluble in ether, ethyl alcohol, and water. 

Reagent.— Dissolve 1 g. of reagent in 100 ml. of 2% ethyl alcohol. 

Reactions.— Palladium is precipitated by the reagent from a neutral or slightly 
acidic solution of palladium(ll) cliloride. This reaction is used to separate pal- 
ladium from otlier cations, especially iridium, osmium, platinum, rhodium, and 
rutltenium, and also gold and iron. Cerium interferes.^* 

Anthranilic Acid.— 


Solubility.— Soluble in acetone, etliyl alcohol, and water. 

Reagent Solution.— A 1% solution of the acid in water, adjusted with sodium 
hydroxide to a pH of 6; also a 3% aqueous solution of die sodium salt. 

33 Feigl, r.. and Caldas, A., Anal. Chim. Acu, 8, 339, 1953. 

34Sch()ajal. R.. .Mikrochemic 24, 20, 1938; I. Chem. Soc., 1938, 1099; de Hovre, E.. Ing. 
chim. 35^ ‘ 
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Reactioiis.-In a slightly acidic or neutral solution the reagent forms insoluble 
salts with cadmium, cobalt, copper, iron, lead, manganese, mercury(II), nickel, pal- 
la(liuni(ll), silver, and zinc."^ Precipitations with anthranilic acid must be made 
at controlled pPI. The range is roughly 3.5 to 5.3 c.\cept copper which is re- 
ported as 1.4 to 2.8. The reagent is largely limited in use to the precipitation of a 
single substance from a relatively pure solution, and finds little application in sep- 
aration procedures. 

Arsonic Acids.— A number of reagents of the general formula 


R— AsO(OH)o 


react selectively with thorium,-*'’* tin,-*" titanium, and zirconium.**** Other ions 
which yield precipitates with these reagents are: bismuth, cerium(IV), hafnium, 
lead, niobium, tantalum, tungstcn(VI), and uranium(lV). The alkali metals, alka- 
line earth metals, transition elements, and most of the common heavy metals do 
not form insoluble salts rvith the arsonic acids in acidic solutions. The arsonic 
acids most frcq'’ently used are phenylarsonic acid, n-propylarsonic acid,-"*” /J-hy- 
droxyphenylarsonic acid,**® and yi-n-butylphenylarson*-- acid."* These reagents are 
soluble in ethyl alcohol and water, and are commonly used in 2.5 to 10% aqueous 
solution, freshly prepared. Under certain conditions the arsonic acids are almost 
specific reagents for zirconium, but they have also been used for the determination 
of bismuth, iron, thorium, tin, and titanium. 

Plieuylarsonic Acid.—This reagent is used to precipitate zirconium from a 10% 
by volume solution of hydrochloric acid.**** This precipitation may be carried out 
in die presence of aluminum, beryllium, bismuth, copper, iron(II), manganese(II), 
nickel, rare earths(lll), and zinc. \Vhen used for the determination of zirconium 
in steel,^*^ chromium, copper, molybdenum, nickel, thorium, titanium, and vana- 
dium do not interfere, although tin is partially precipitated. The reagent is also 
used for the determination of thorium,-*- Icad,^** bismuth, and tin.***'-^-'' 

Propylarsonic Acid.—This reagent has been used for the determination of zir- 
conium in steel.****'-** 

p-Hydro.-siyphenylarsonic Acid.—This reagent has been recommended for the de- 
termination of titanium and zirconium, or zirconium in the presence of titanium.**--* 
Titanium is precipitated from approximately 0.6 A* hydrochloric acid or 1.8 A* 
sulfuric acid. Zirconium is precipitated from solutions having a normality as high 
as 3 N, and is separated from titanium in the presence of hydrogen peroxide. 
Titanium(lV) is separated from aluminum, beryllium, calcium, cerium(III), chro- 
nuum, cobalt, iron, magnesium, manganese, molybdenum, nickel, thallium(III), 


35 Funk. H., and Ditt, M., Z. anal. Chem. 91, 332, 1933; 93, 241, 1933; 96, 385, 1934; 
oTn Holmes, F., Reed, K. G., and Criimnin. \V. R. C., Anal. Chiin. .-Vcta.. 15, 

312, 1956; Shennan, R. J., Smith, J. H. F., and Ward. .\. M.. Anahst, 61, 395, 1936. 

3«Rice, A. C., Fogg, H. C., and James. C., J. Am. Chem. Soc.. 48, S95, 1926. 

3. Knapper, J. S., Craig, K. A., and Chandlec, G. C., J. Am. Chem. Soc., 55, 3945. 1933; 
Kuznetsov. V. I., J. Applied Chem. (U.S.S.R.), 13, 1512, 1940. 

33 Simpson, C. T., and Chandlee, G. C., Ind. Eng. Chem., Anal. Ed., 10, 642, 1938. 

‘g****.**!*!, F. W., and Chandlee, G. C., J. Am. Chem. Soc., 57, 8, 1935. 

4,0 K. A., and Chandlee, G. C., J. Am. Chem. Soc., 56, 1278, 1934. 

H. H., and Chandlee, G. C., Ind. Eng. Chem., Anal, Ed., 9, 169 1937. 

U. S. Bur. Mines Rept., Invest. No. 4919, 13, 1952. 
rnajumdar, A. K., and Sen Sarma, R. N,, J. Indian Chem. Soc., 28, 654, 1951. 

Majumdar, A. K., J. Indian Chem. Soc., 21, 119, 187, 188, 1944- 313 1945 

1 ortnov, A. I., Zhur. Anal. Khim., 9, 175, 1954. ’ " 



112 SEPARATION BY PRECIPITATION 

uranium(VI), vanadlum(IV), and zinc. Tin(lV) is precipitated by tills reagent 
from 0.5 N HCl.*® 

^•«-Butylphenylarsonic Add.— Iron is precipitated quantitatively from acidic so- 
lution in the presence of many ions, induding aluminum, beryllium, cadmium, 
cobalt, copper, erbium, lanthanum, magnesium, manganese, neodymium, nickel, 
potassium, vanadium, and zinc<® 

Benzidine.— 

NHs 

Solubiliiy.-Soluble in alcohol and cdicr; slightly soluble in water. The hydro- 
diloride is soluble in water. 

Reagent Solution.— Shake 8 g. of benzidine hydrochloride with 1 liter of water 
and filter. Prepare weekly. 

Reactions.— Sulfate is precipitated .is benzidine sulfate, ’112504, from a 

slightly acidic solution which is free from oxidizing agents, but which may contain 
aluminum, chromium(lll), cobalt, copper. iron{II), mangancse(II), nickel, and 
zinc.*® The precipitate can be weighed, or titrated with standard sodium hydrox- 
ide with phenolphthalein as indicator. 

The tungstate ion is also precipitated quantitatively from an acidic solution, but 
the precipitate must be ignited to the oxide for weighing.*^ 

a-Benzildioxime (Diphenylglyoxime).— 

OrrO 

HON NOH 

Solubility.— Soluble in acetone; slightly soluble in ethyl alcohol; almost insol- 
uble in acetic acid, ether, and water. 

Reagent Solution.— A 0.02% solution in acetone or eiliyl alcohol. 

Reactions.— Like dimethylglyoxime, a-benzildioxime forms insoluble compounds 
with nickel and palladium. This reagent is reported to form a less soluble nickel 
complex than that with dimethylglyoxime.*® 

Benzoic Acid.— 

Solubility.— Soluble in acetone and ethyl alcohol; slightly soluble in water. 

Reagent Solution.— Dissolve 10 g. ammonium benzoate in 100 ml. of water; 
stable in glass containers if thymol is added. 

Reactions.— In dilute acetic acid solution aluminum, iron(III), and chromium(III) 
are completely precipitated by boiling with ammonium benzoate.*® Under die 

<0 Raschig, F., Z. angew. Chem., 1C, 617, 818, 190S: 19, 331, 1906; Friedheini, C., and 
Nyde^r, O., Z. anal. Chem., 49, 464, 1910. 

*1 ion Knorre, G , Z. anal. Chem., 47, 37. 1908; 49, 461, 1910; Ben. 38, 783, 1905. 

« Atack, F. W.. Chem. Ztg., 27, 773, 1913; Anal>st, 38, 316. 1913. 

*9 Kolthoff, I. M., Siengcr. V. A., and Moskoivitz, B., J. Am. Chem. Soc., 56, 812, 1934; 
Smales, A. A., Analjst, 72, 14. 1947; Osborn, G. H.. and Tewsbury, A., Anal. Chim. Acta. 
3, 108. 1949. ' J ' 
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same conditions ammonium, barium, cadmium, cerium(III), cobalt, iron(II), lith- 
ium, magnesium, manganese, mercury(II), nickel, potassium, sodium, strontium, 
vanadium(IV), and zinc are not precipitated. Bismuth, cerium(IV), tin(IV), ti- 
tanium(IV), and zirconium are completely precipitated, and beryllium, copper, 
lead, tin(II), titanium(IIl), and uranium are partially precipitated. Many impor- 
tant separations have been based on the use of this reagent.^o.so 
a-Benzoino.\ime (Cupron).— 



OH NOH 


Solubility.— Soluble in acetone, ethyl alcohol, and ether; insoluble in water. 

Reagent Solution.— .A. 1 or 2% solution in ethyl alcohol. Stable for long period.s. 

Reactions.— Copper is precipitated from an ammoniacal tartrate solution as a 
green, flocculent compound.''^ This serves to separate copper from aluminum, 
cadmium, cobalt, iron, lead, tiickel, and zinc. The precipitate, Cu(Ci 4 HjiOmN), 
contains 22.01% copper, and may be weighed after drying at 110°C. 

Molybdate and tungstate ions are precipitated quantitatively from strongly 
acidic solutions. Other ions which precipitate completely or partitdly under the 
same conditions are chromate, niobate, palladium(II), tantalate, and vanadate. 
Molybdate *2 and tungstate can he precipitated from a solution containing chro- 
mate or vanadate if the latter are first reduced with ferrous sulfate. 

Benzotriazole.— 



Solubility.— Soluble in benzene, ethyl alcohol, and water. 

Reagent Solution.— A 2% aqueous solution. 

Reactions.— This reagent has been used for the precipitation of silver,®* but 
cadmium, cobalt, copper, iron(Il), nickel, and zinc arc also precipitated. In the 
presence of EDT.A benzotriazole appears to be a specific precipitant for silver.®* 

The reagent precipitates copper quantitatively from an acetate-tartrate solution 
of pH 7.0 to 8.5.®® Other ions that arc precipitated under the same conditions 
are cadmium, cobalt, iron(II), nickel, silver, and zinc. On the other hand, ions 
that are not precipitated are aluminum, antimony, arsenic, chromium, iron(lll), 
molybdeuum(VI), selenium(IV), and tellurium(IV). The reagent is used for mak- 
ing a preliminary separation where interfering ions are present. It may be used 
to advantage in making a clean separation from antimony, arsenic, molybdenum, 
selenium, and tellurium, which interfere with the iodometric determination of 
oopper. Osmium is precipitated from an acetic acid-sodium acetate solution.®® 

®»Jewsbury, A., and Osborn, G. H., Anal. Chini. Acta, 3, 642, 1919. 
j eigl, F., Ber., 36, 2083. 1923; Mikrochemie, 1, 76, 1923. 

Standards J. Research, 9, 1, 1932. 

Sm, , “V"oton, W. J., and Moyer, H. V., Dissertation Abstr., 24, Columbus, Ohio, Ohio 
®tate Univ. Press, 1937. 

"* Cheng, K. L., Anal. Chem., 26, 1038, 1954. 

4^“ytis, J. A., Ind. Eng. Chem., Anal. Ed., 13, 349, 1941. 

"''nilson, R. F., and Baye, L. J., Talanta, I, 351-4, 1958. 
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Solubility.-Soluble in water and hot ethyl alcohol. 

Reagent Solution.— A 1% aqueous solution of the potassium salt. 

Reactions.— This reagent precipitates many ions under various conditions, and 
has been used in a number of useful analytical separations.*^ i Bismuth is precipi- 
tated from a 0.1 N nitric acid solution. Under these conditions the following 
ions do not precipitate: alkaline earths; aluminum; beryllium; chromium(III); 
cobalt; magnesium; manganese; nickel; rave earths; thorium; titanium; uranium; 
and zirconium. In O.I N hydrochloric acid terium(lll) and irou(Il) do not inter- 
fere. At pH 1.5 to 2.5, and in the presence of citrate or tartrate, arsenic(III), 
cerium{IV), molybdate, and tungstate do not interfere. 

In 0.1 iV hydrochloric or sulfuric acid, arsenic and antimony are precipitated. 
At pH 6 to 8, and in the presence of citrate or tartrate, cadmium, copper, lead, 
mercury(II), palladium, silver, and thallium(I) are prccipiiaieil. Thallium(I) is pre- 
cipitated over the pH range 1 to 13; silver from a 0.2 N nitric acid solution up 
to a slightly basic solution; palladium from 0.1 N acid to a .slightly basic solution: 
and lead over the pH range 3 to 6.5. 

p-Bromomandelic /Icid.— This reagent is similar to mandelic acid, but is a more 
sensitive precipitant for zirconium.*'® 

Chloranilic Acid {2,5-Dichloro-3 ,6‘dihydroxy~J ,4d)enzoquinone).~ 



O 


Solubility.— Slightly soluble in water. 

Reagent Solution.— .\ 0.1% atjueous solution. 

Reactions.— The reagent forms insoluble compounds with calcium, barium, 
strontium, copper, and manganese."*' It also yields precipitates with bismuth, 
cadmium, cobalt, lead, mercury(II), silver, and zirconium. 
•iChloro-t'-aminodiphenyl.— 



Solubility.— Hydrochloride sparingly soluble in water. 

Heagent Solution.— Dissolve 2.4 g. of the reagent hydrochloride in 800 ml. of water 
containing 50 ml. of 1 iV hydrochloric acid, and dilute to one liter. 

Reactions.— Like benzidine, this reagent forms ati insoluble, sulfate. Prccipita- 
J'on IS best carried out in a .solution of pH 1.0 to 2.0, and the sulfate is .saitl to be 
ess soluble than that of benzidine or diaminotolanc.'*' O.valate, phospliatc, sele- 
Hate, and tellurite also form insoluble salts. Acetate, bromide, chloride, citrate, 


MRnrL?; E klingcnberg, j. j.. Anal. Cheni., 21, 1509, 19-19. 

*5. >». R. E. U., 

echer, R., Nmten, A. J., and Stephen, W. I., J. Chem. Soc., 1953, 1334. 
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iodide, nitrate, and tartrate do not interfere wiili the sulfate determination. Tiiis 
reageiH has also been used as a precipitant for molybdate and tungstate in solu- 
tions of pH 1.8 to 2.8 and 1.6 to 2.2, respectively. 

l>-Chloromandelic ^cid.— This reagent is similar to mandclic acid, but is a some- 
what more sensitive precipitaiu for zirconium.*^ 
m-Cresoxyacetic Add.— 


O— CHi— COOH 


CH, 


Solubility.— Soluble in water. 

Reagent Solution.— A 2% .jqutouj. solution. 

Resainns.—Froni a ncutrai or iUglitly add'ic soJtitton, the reagent precipitates 
ions of iron(ni), thorium, tin. titanium, and zirconium. In a solution 0.25 N in 
hydrochloric acid, only zirconium is precipitated."® Aluminum, barium, beryllium, 
calcium, the lanihaiions, nickel, and uraiiy! ions do not interfere. Iron(III) is par- 
tially precipitated, and sulfate interferes with the zirconium determination. 

Tliorium is precipitated from a boiling acidic solution of pH 2 to 3.2 in the 
presence of ammonium nitrate. This reaction is used for the separation of tlio* 
rium from tlie rare earths.^" 

Cupferron {Ammonium nitrosophenylhyttroxyiamhie)^— 


a N— NO 
ONH4 


^olubiliiy.— Readily soluble in water. 
ikX^cagent Solution.— Use a freshly prep.iied, cold, 5 or 6% aqueous soluiioii. 
The reagent is not very st.»l)lc. 

y Reactions.— Cupferron was proposed originally for the separation of copper and 
Iroii.^i but has been used for tbe prccipii.iiion of many metals. The elements 
precipitated by cupferron may be dnided into groups as follows: •' 

(a) l-rom weakly acidic or neuir.il solutions: 

Complete, aluminum, antimony. bcrylHuiii, bismuth, cadmium, cerium, cobalt, 
copper, gallium, hafnium, indium, iron, lamhanum, lanthanides, molybdenum, 
niobium, palladium, polonium, scandium, tantalum, thallium, thorium, tin, ti- 
tanium, tungsten, uranium, vanadium, yttrium, and zirconium. 

artifl/: chromium, gold, lead, manganese, mercury, nickel, silver, and zinc. 

( ) From a 10% by volume mineral acid solution: 
ompleie: bismuth, cerium, gallium, hafinum, iron, molybdenum, niobium, pal* 
ladium. polonium, tantalum, ti„, litanium. tungsten, vanadium, and zirconium. 

i'arttal: actinium, copper, indium, biuhaimm, neodymium, praseodymium, rare 
earths, UialJium, thorium, and uranium. 

v3^a™aSah ^hun-Jmig. Hua Hsiich Hsiieli l‘ao, 24, 117. 

ah f!" S. V. Raghava. Anal. Chem.. 23, 539. 1951. 

24, 747. Ragbavi and Rao. C. Laksliniaiia, Anal. Cliem., 


‘ 298 , 1909 . 

v.iieni,. K. t-. An.t!iM. 
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(c) From a solution of pH 5.5, and in the presence of citrate and EDTA. 

Complete: aluminum, beryllium, cerium, hafnium, iron, niobium, tantalum, tin, 
titanium, uranium, and zirconium. 

Partial: rare earths. 

Cupferron offers few advantages for the determination of the metals, but it has 
been widely used in a number of important separations. Among these are: 
(1) group separation of iron, titanium, vanadium, and zirconium in strongly acidic 
solution from the alkali metals, the alkaline earths, aluminum, arsenic, cobalt, 
copper, manganese, nickel, phosphorus, and uranium(VI); (2) vanadium from 
uranium(VI), vanadium from phosphorus, vanadium from tungsten in tlie pres- 
ence of fluoride, iron from pure metals such as aluminum and zinc, uranium(VI) 
from uranium(IV), and niobium and tantalum from various other substances; and 
(3) the removal of undesirable elements as a preliminary to the determination 
of various elements by other methods, e.g., iron in the determination of aluminum. 

1 .2- Cycloheptanedionedioxime {Heptoxime).— 

H-, 

C 

/ \ 

HaC C=NOH 

I 

H2C 

I 

HoC C=NOH 

\ / 

G 

H-. 

Solubility.— Slightly soluble in water. 

Reagent Solution.— A saturated aqueous solution. 

Reactions.-This reagent may be used as a precipitant for nickel and palladium 
in place of dimethylglyoxime."®’"** 

1.2- Cyclobexanedionedioxime (Nioxime).— 


H 2 

C 

/ \ 

H 2 C C=NOH 

1 1 

HoC C=NOH 

\ / 

C 

H 2 

Solubility. — Slightly soluble in water. 

Reagent Solution.-An 0.8% aqueous solution; stable indefinitely. 

‘3 Hillebrand, W. F., Lundell, G. E. F., Bright, H. A, and Hoffman T T Ar.r>T- 1 t 

^ , Enoules, H. B., J. Ind. Eng. Chem., 12, 344, 1920. »-mmen, o. L. I ., 

‘^Snnth, G. !•., Cupferron and Neo-Cupferron, G Frederick Smiii, r'l, • 1 ^ 

limihus, Ohio, 1938. ^ ‘ ^imth Chemical Co., Co- 

Voter, R. C., and Banks, C. V., Anal. Chem., 21, 1320 1949 

ssi 11 ."'i95l"’ ^likrochemie ver. Mikrochim. Acta, 
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Reactions.-Like dimethylglyoxime, this reagent is used for die precipitation of 
nickel and palladium.” Quantitative precipitation of nickel occurs at pH 3.0 or 
higher, and palladium within die range 0.7 to 3.0. It possesses the advantage 
over dimethylglyoxime of being more soluble in water. 

-1 ,4'-Diaminotolane.— 


NH2 


Solubility.— Soluble in acetone. 

Reagent Solution.— Dissolve I g. of rc.igciit in 5 ml. of acetone. 

Reactions.-Like benzidine, 4,^'-di.iininotolaue precipitates sulfate, but the sul- 
fate of tile latter is less soluble than that of benzidine.” Precipitation is best car- 
ried out at pH 3.0 to 4.0. Chromate and phosphate interfere, but chromium(Vl) 
can be reduced to chronuum(fll), which does not interfere. Calcium, magnesium, 
zinc, nitrate, and perchlorate ions do not interfere. 

5,7-Dibromo-8‘hydroxyqninoline.— 


Br 



OH 


Solubility.— Soluble in acetic acid, benzene, and ciJiyl alcohol; slightly soluble in 
ether, insoluble in cold water. 

Reagent Solution.— A 0.5% solution in acetone, or in acetone acidified with 
hydrochloric or nitric acid. 

Reactions.— This reagent gives reactions simil.nr to those of 8-hydroxyquinoline. 
Useful separations have been based on the fact that copper, iron, and titanium 
aie precipitated from solutions of mineral acids.'®*®® 

Dimethylglyoxime.— 

CHr-O-C— CHj 

II II 

HON NOH 

Solubility.— Soluble in etliyl alcohol; insoluble in water. 

Reagent Solution.— A 1% alcoholic solution, which is stable indefinitely, or a 
3% solution in 1 N sodium hydroxide. 

Reactions.— Dimethylglyoxime forms insoluble compounds with bismuth, iron(n), 
nickel, palladium, and platinum(n).®r At pH below 5, only nickel and palladium 
form insoluble compounds. Precipitation of nickel from an ammoniacal tartrate 
solution may be used to separate this element from a large number of elements 

” Voter. R. C., Banks, C. V.. and Diehl. H., Anal. Chem., 20, 458, 1948. 

78 Belcher. R., Kapel, M , and Nuiten. A. J.. Anal. Chira. Acta. 8, 122, 1953. 

79 Haase, L. W.. 1. anal. Chem., 78, 113, 1929. 

89 Berg R.. and Kustenmacher, H., Z. anorg. allgem. Chem., 204, 215, 1932. 

sipiehl, H., The Applications of the Dioximcs to Anahtical Chemistry, G. Frederick 
bmith Chemical Co., Columbus, Ohio, 1910. 
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witli which it is commonly associated; these inclucle aluminum, antimony, ax- 
senic, bismuth, cadmium, chromium, cobalt, copper, iron, lead, manganese, mer- 
cury, molybdenum, tin, and zinc. ^ i • 

Palladium(II) is precipitated from dilute hydrochloric or sulfuric acid solution. 
Bismuth, as the chloride or nitrate, when treated with the reagent and made 
strongly basic with ammonia, gives a voluminous yellow 23recipitatt. 

Dipicrylamine {Hexanilrocliphenylamine).— 


NO-. NOi 



Solubility.-Soluble in acetone and ether; slightly soluble in water; insoluble in 
mineral acids, carbon tetrachloride, cliloroform, benzene, and ethyl alcohol. 

Reagent Solution.— (a) Magnesium dipicrylaminaie; mix 5 g. of magnesium ox- 
ide with 12 g. of reagent and add 400 ml. of water. Stir, let stand 15 to 20 hours, 
and filter, (b) Sodium dipicrylaminate; mix the reagent with a small exce.ss of 
sodium carbonate, and add water to make a 3% solution. . 

Reactions.— The sodium or magnesium salt of this reagent forms a slightly sol- 
uble, red, crystalline precipitate witli potassium.*** Cesium and rubidium also 
yield precipitates with the reagent, but calcium, lithium, magnesium, and sodium 
do not. The potassium precipitate is KCjoN 70 j.j,H.j, and contains 8.194% po- 
tassium. 

Ethylenediamine.— 

HoN— CHo— CH-.— NHj 


Solubility.-Soluble in ethyl alcohol and water; slightly soluble in ether; insol- 
uble in benzene. 

Reagent Solution.— Use pure ethylenediamine. 

Reactions.-Tliis reagent reacts with the copper(II) ion to form a complex, 
[Cu(en)o] ++, where en = HoN-CHo-CHo-NHo. This complex ion forms with 
the iodo complexes of cadmium and mercury insoluble compounds having tlie 
following composition: [Cu(en)o][CdL] and [Cu(en).J[HgI,,]. These reactions are 
used to precipitate cadmium, copper, and mcrcury.ss Palladium is also precipi- 
tated quantitatively as [Pd(en) 2 ][HgI.,] in the pH range G to 8.so 
p-Furfuraldoxime.— 

HC CH 

II II 

HC G— CH=NOH 

\ / 

O 


Solubility.-Soluble in acetone, ethyl alcohol, and water. 

Reagent Solution.-Dissolve 10 g. of the reagent in 100 ml. of ethyl alcohol. 


82Brunck, O., Z. angew. Chem., 20, 834, 1907. 

83\Vunder, M., and Thuringer, V., Chem. Zt" dil 1019- Ar,n i 

appl. 17, 201, 328, 1912; Z. anal. Chem., 52, 101, 660. 740, 1913. 

8'^= Koltlioff, I. M., and Bendix, G. H., Ind, En^, Chem Ami Fri ii o* inon itr* 

A., and Maas, H., Angew. Chem., 49, 827, 1936.” • • ,94, 1939; llinkel, 

ssSpacn, G., and Sucin, G.. Z. anal. Chem., 77, 334 I92Q 
Watt, G. ^V.. Sowards, D. M., and McCarley. R. E., Anal. Chem., 28, 556, 1956. 
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Reactions.— Palladium is precipitated as Pd(C 4 H 30 CHN 0 H);,Cl 2 from a solu' 
tion that is 3% in hydrochloric acid.sr The following do not interfere: alkali 
metals; alkaline earth metals: aluminum; antimony; arsenic; bismuth; borate; cad- 
mium; cerium(III); cobalt; cliromium; copper; iron (III); manganese; mercury (II); 
molybdenum (VI); nickel; nitrate; osmium (IV); phosphate; platinum (IV); rho- 
dium(III): ruthenium(III); selenium(IV); sulfate; thorium; tin; titanlum(IV): tung- 
state; vanadium (V): zinc and zirconium. Interfering substances are gold, ce- 
rium(IV), and elements whose cliloridcs are insoluble. 

a-Furildioxime.— 


CL<hJ^ 


O II il O 
HON NOH 


Solubility.— Soluble in cilicr and ethyl alcohol. 

Reagent Solution.— Dissolve 2 g. of reagent in 100 nd. of hot water, or in suf- 
ficient warm ethyl alcohol to form a 10 to 15% solution. 

Reactions.This reagent is similar to dimcthylglyoxime in its reactions with nickel 
and palladium.^^ The nickel complex Is less soluble than tliut with dimethylgly- 
oxime and has a smaller nickel content. The great advantage of this reagent is 
its water solubility. 

Hydroquinone.— 


OH 



OH 


Solubility.— Soluble in ether and ctliyl alcohol; moderately soluble in watei; 
slightly soluble in benzene. 

Reagent Solution.— A 1% aqueous solution. 

Reactions.— In a cold 1.2 N solution of hydrocliloric acid, gold is reduced and 
quantitatively precipitated as ilie free metal by hydroquinone. Platinum and pal- 
ladium do not interfere.*® Silver is also precipitated as lire metal by this reagent.®'' 
2-{o-Hydroxyphe7iyl)bemimidazole.— 



OH 


87 Hayes, J. R.. and Chandlec, G. C., Ind. Eng. Chem., Anal. Ed., 14, 491, 1942. 

88 Soule. B. A.. J. Am. Chem. Soc., 47, 981, 1925; Reed. S. A., and Banks, C. V., Pioc. 
loua Acad. Sci., 55, 267, 1948. 

88 Beamish. F. E.. Russell. J. J.. and Seath. J.. Ind. Eng. Chem., Anal. Ed.. 9, 174, 1937. 
Mitranescu, M, Acad. rep. populate Roraine. Baza cercetari stiint. Timisoara Studii 
cercetari stiint.. Ser. stiinte chim, 5, Nos. 8-4, 3, 45, 1958. 
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Snlnbilitv.— Soluble in alcohol. ..... 

Reagent^Solution.-Dissolve 1 g. of reagent in 100 ml. of 95% ethyl alcohol. 

Reactions.-This compound is a selective reagent for mercuiy. I recipi a- 
tion is complete in the range pH 6.0 to 7.0, and citrate is u-sed to prevent pre- 
cipitation of hydroxides.ai Aluminum, arsenic, barium, bismuth, cadmium, chro- 
mium, cobalt, copper, iron, lead, magnesium, manganese, nickel, potassium, silver, 
sodium, tin(II), and zinc do not form precipitates. 

2 -{o-Hydroxyphenyl)benzoxazole.— 



Solubility.— Soluble in alcohol. 

Reagent Solution.— Dissolve 1 g. of the reagent in 100 ml. of 95% ethyl alcohol. 

Reactions.-This reagent has been used as a precipitant for cadmium.^- The 
only common ions which interfere are cobalt, copper, and nickel. Copper pre- 
cipitates at pH 3.5 to 4.0, and can, therefore, be removed by precipitation in acid 
solution. Cadmium does not begin to precipitate in die presence of tartrate until 
pH 6.5, and is best precipitated at pH 11.0 to 12.0. Under these conditions cal- 
cium is precipitated as the tartrate. 

Palladium may be precipitated by adding the reagent to a slightly acidic solu- 
tion containing two volumes of ethyl alcohol. .'Muminum, copper, iridium (IV), 
iron(III), magnesium, nickel, osmium, platinum(II), rhodium(ll), and zinc do not 

interfere.'*® 

8-Hydroxyquinaldine (2-methyl-8-hydroxyqiimolme).~ 



Solubility.— Soluble in benzene, ether, and ethyl alcohol; insoluble in water. 

Reagent Solution.— Dissolve 5 g. of reagent in 12 ml. glacial acetic acid and 
dilute to 100 ml. w'ith water. 

Reactions.-This reagent is more selective than S-hydroxyquinoline.®* In acetic 
acid-acetate solution the following ions yield precipitates: bismuth; cadmium; 
chromium; cobalt; copper; indium; iron; manganese; nickel; silver; titanium(lV): 
zinc; molybdate; tungstate; and vanadate. Under the same conditions, aluminum! 
ammonium, barium, beryllium, calcium, lead, magnesium, potassium, and sodium 
do not precipitate. In the presence of tartrate, bismuth and tin(IV) do not pre- 
cipitate. In ammoniacal tartrate solution tire ions of the above group except 
aluminum are precipitated, and in addition calcium, lead, magnesium, and stron- 
tium are precipitated. 

With this reagent it is possible to determine zinc in the presence of aluminum. 

91 Walter, J. L., and Freiser, H., Anal. Chem., 25, 127. 1953. 

92 Walter, J. L.. and Freiser, H., Anal. Chem., 24, 984, 1952. 

93 Wilson, R. F., and Baye, L. J., Z. anal. Chem., 166, 359, 1959. 

9iMeiritt, L. L., and \S'alker, J. K., Ind. Eng. Chem. Anal. Ed., 16, 387, 1944. 
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and also in the presence ot magnesium. It has also beeji used for the determlna- 

tion of indium. 

SHydroxyqtiinoline (oxine, 8-tjuinolinol).— 


00 


OH N 


Solubility.-Soluble in acetic acid, acetone, elliyl alcohol, and chloroform: slightly 
soluble in water. 

Reagent Solution.— (a) A 3% solution in elliyl alcoliol or acetone; should be 
protected from light, (b) A 2 to 3% solution in 1 to 2 N acetic acid. This 
solution is prepared by adding the solid reagent to glacial acetic acid, and di- 
luting properly with water. TJiis solution is stable indefinitely if stored in amber 
bottle. For precipitations at high pH, use the alcoholic solution; for low pH, 
use the acetic acid solution. 

Reactions.— 8-HydroxyquinoUne is a non-selecthe, though very versatile and useful 
reagent.^® Generally, this reagent precipitates the same metals as ammonia. By 
the proper control of pH, however, a number of important separations can be 
effected. The ions precipitated by die reagent from two different media are: 

(a) From an acetate butlered solution of pH 5.7: 

Complete: Aluminum, bismuth, cadmium, cobalt, copper, gallium, hafnium, 
indium, iron, mercury, molybdenum, neptunium, nickel, niobium, palladium, pro- 
toactinium, plutonium, silver, tantalum, thorium, titanium, tungsten, uranium, 
zinc, and zirconium. 

Paitial: Actinium, antimony, chromium, gold, iridium, lanthanum, osmium, rare 
earths, rhodium, ruthenium, scandium, tin, vanadium, and yttrium. 

(b) From ammoniacal solution of pH greater than 7.5. 

Complete; Actinium, aluminum, beryllium. bismuUi, cadmium, cerium, copper, 
gallium, hafnium, indium, iron, lamhanum. magnesium, manganese, mercury, 
neptunium, niobium, palladium, plutonium, protoactinium, rare earths, scandium, 
tantalum, thorium, titanium, uranium, yttrium, zinc, and zirconium. 

Partial: Aticimony, barium, cafeium, c/iromium, cofaaft, gold, iridium, iead, 
molybdenum, nickel, osmium, radium, rhodium, ruthenium, silver, strontium, 
thallium, tin, tungsten, and vanadium. 

(c) Not precipitated: antimony(V), arsenic, cesium, germanium, platinum, polo- 
nium, potassium, rhenium, rubidium, selenium, sodium, tellurium, and thallium(I). 

8-Hydrox)quinoIine is useful for the determination of a number of metals, and 
is also useful in many important analytical separations. Examples of these are: 
aluminum from beryllium; magnesium from the alkali and alkaline earths, from 
bismuth, iron, manganese, nickel, and zinc; and zinc from the alkali and alkaline 
earths, from antimony, arsenic, chromium, lead, manganese, and uranium. 

Mandelic Acid.— 

a CH— COOH 


95 Berg. R., Z. anal. Cheni., 70 , 341 . 1927; 71, 23, 171 , 321 , 369, 1927 ; 72 , 177 , 1927 ; 76 , 
191, 1929. Also Berg, R., Das o-Oxychinolin (oxin), F. Enke, Stuttgart, 1936; Hollings- 
bead. R. G. \V., Oxine and Its Derivatives, 4 vols., Butten^oitlis, London, 1954. 

Hoirinan, J. I.. Chemist-Analyst, 49, 126, 1960. 
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Solubility -Soluble in ether, ethyl alcohol, and water. 

Reagent Solution.-A 2% aqueous solution. 

Reactions.— The reagent has been used principally to precipitate zirconium 
from a hydrochloric acid solution without interference from aluminum, antimony, 
barium, bismuth, cadmium, calcium, cerium, diromium, cobalt, copper, iron, mag- 
nesium, manganese, mercury, nickel, thorium, tin, titanium, uranium, vanadium, 
or zinc! Hafnium also precipitates under the same conditions.*’" Atandelic acid 
has also been used to precipitate plutoniuin,‘*s scandium,»a and the rare carths.ioo 

Mercaptobenzothiazole {Kaptax, Vulcacit-tnercapto).— 



Solubility.-Slightly soluble in etliyl alcohol, aqueous sodium hydroxide, and 
glacial acetic acid; insoluble in water. 

Reagent Solution.— A 5% solution in ethyl alcohol or an aqueous solution in 
1 N sodium hydroxide. 

Reactions.— This reagent forms insoluble compounds with many metals; these 
are aluminum, beryllium, bismuth, cadmium,^®*^ copper,io‘ gold, iridium, lead, 
mercury, palladium,n>3 platinum,'“*' rhodium,!®^ scandium,^*’*' silver, thallium, 
thorium, and zirconium. In a weakly acidic solution, however, only copper of 
the common metals is precipitated. This makes possible the separation of copper 
from the alkali metals, the alkaline earth metals, cadmium, cobalt, maiiganese, 
nickel, and zinc.i“^ Platinum and palladium are also precipitated from an acidic 
soluuon.n>3 Cadmium is precipitated from an ammoniacal solution.i*”- 
p-Naphthoqiiinolme {5,6-naphthoquinoline).— 



Solubility.— Soluble in ether, ethyl alcohol, and benzene; insoluble in water. 
Reagent Solution.— A 2.5% solution in 0.5 iV sulfuric acid. 

Reactions.— The reagent precipitates in strong mineral acid solution the ions of 
bismuth, cadmium, copper, iron(III), mercury, uranium, and zinc. These ions are 
pre<;ipuated as complex anions. The stability and insolubility increase in the 


2l!'l57ri949"‘ Chem., 

ll Chem., 166, 417, 1959. 

Shell, Khan-Si, Zhuv. .Anal. Khim., 15, 31, 1960. 
ioo4\eaver B., Anal. Chem., 26, 476, 1954. 

Chem., 102, 24, 108, 1935; 104, 88, 1936. 

Beamish, .F. E., Anal. Chem.. 23, 514, 1951. 
78, 293, 1948 ’ L.. Ann. chun. appUcata, 38, 241, 1948; Gazz. chim. ital., 

’ D- E.. Can. J. Research, 27B, 72. 1949. 
i^ntea, l. l.. Rev. Chim. (Roumania). 11, 336, 1960. 
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order: Cl, Br, I, SCN. In the presence of chloride ions, only bismutli and mer- 
cury are precipitated, ^vith bromide or iodide, bismuth, cadmium, and mercury 
are precipitated; in the presence of nitric or sulfuric acid, uranium and iron(ill) 
are precipitated as the tliiocyanale complexes. The reagent is useful for tlie sep- 
aration of cadmium from zinc, and from antimony and zinc.'®® Germanium has 
also been precipitated as the trioxalatogermanaie.^^’^ Both molybdate and tung- 
state are precipitated by the reagent from an acidic solution.'®* Tungstate pre- 
cipitates from a strongly acidic solution while molybdate precipitates from a weakly 
acidic solution; hence, these two ions can be separated by a regulation of die 
acidity of die solution. 

Neocupferron (a-NitrosouaphthyUtydroxylamine, ammonium salt).— 

NO 

ONH 4 

Solubility.— Soluble in water. 

Reagent Solution.— Use a 6% aqueous solution; solution not stable. 

Reactions.— Neocupferron gives many of the reactions of cupferron, but the iron 
and copper salts appear to be less soluble and more bulky than the corresponding 
cupferrides. The reagent lias been used for the precipitation of traces of iron and 
copper from water without preliminary conccniration.'®® 

7n-Nitrobenzoic Add.^ 



NO2 


Solubility.— Soluble in ether and ethyl alcohol; slightly soluble in water. 

Reagent Solution.— A saturated aqueous solution. 

Reactions.— Thorium is quantitatively precipitated by i/i-nitrobenroic acid at pH 
greater diau 2.4. 1 his aftords a method for the separation of diorium from ce- 
rium, fantfianum, praseodymium, and neodymium.'*® Thorium can be separated 
from uranium by precipitating at pH 2.6 to 2.8. Otlier elements precipitated by 
the reagent are cerium(lV), mercury, plutoiitum(lV), and zirconium. Ccrium(III) 
and plutonium(III) are not precipitated. Tin wits h)drolyze to yield a precipitate. 

By a careful control of acidity, m-nitrobciizoic acid is a selective reagent for 
zirconium."* Thorium is completely precipitated from 0.02 N nitric acid, but is 
not precipitated from 0.1 N nitric acid or greater. Zirconium, however, is com- 
pletely precipitated from 0.2 N nitric acid; thus thorium and zirconium can be 
separated by precipitation from 0.2 N nitric acid. 

100 Berg, R., and Wuriii, O., Ber., 60B, 1664, 1927. l*as<., A., and ^Vard, A. M.. Anal)Sl, 
58, 667, 1933: Hetht. F.. and Reissner, R., Z. anal. Chem., 103, 88. 1935. 

i<n Willard, H. H., and Zuehlke, C. W., Ind. Eng. Chem., Anal. Ed.. 16, 322, 1944. 

los Golubtsova, R. B., and Shemyakin, F. M.. Zhui. Anal. Khiin., 3, 118, 1948: 4, 232, 
1949; I’latunov, B. A.. Vestnik Leningrad. Unh.. 7, No. 12. Set. Mat., Fiz., i Khiiu., 137. 

io9Baiidisch, O., and Holmes, S., Z. anal. Chem., 119, 241, 1940. 

"0 Neish, A. C.. J. Am. Chem. Soc., 26, 780. 1904; Kolbe, A., and Ahrle. H., Z. angew. 
Chem., 18, 92. 1905. 

"1 Osborn, G. H., Analyst, 73, 381, 1948. 
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Nitron {■f,5-Dihydro-l/f dil)henyl-3,5-phenyUmiiio-l,2,f trutzole).— 

CfiHs— N N 

I CoHs II 



HC G 


N 

I 

CfiHs 

Solubility.— Soluble in acetone, benzene, diloroforni, and ethyl alcohol; insoluble 
in water. 

Reagent Solution.-Dissolve 10 g. nitron in 100 ml. of 5% acetic acid; protect 
from light. 

Reactions.— Nitron is used to precipitate nitrate.^^- perchlorate, perrhenate,ii^ 
fluoborate,ii5 and tungstate ion.s. Other ions which may yield precipitates are 
bromide, chlorate, chromate, iodide, nitrite, and thiocyanate. Its most important 
use is for the precipitation of nitrate, which separates as CoaHmNj'HNOa, and 
perrhenate. which forms as CooHioN.t-HRe 04 . 

l-Nitroso-2-nal)hthol.— 



Solubility.— Soluble in acetic acid, benzene, and ethyl alcohol; insoluble in water. 

Reagent Solution.— Use a saturated solution of the reagent in 50% acetic acid. 

Reactions.— This reagent precipitates quantitatively from a slightly acidic solu- 
tion the following ions: cobalt; copper; iron(III); palladium; and zirconium. 
Otlier ions which are partially precipitated are bismuth, chromium(III), silver, tin, 
titanium, tungsten, uranium, and vanadium. Ions that are not precipitated are 
aluminum, antimony, arsenic, beryllium, cadmium, calcium, lead, magnesium, 
manganese, mercury, nickel, and zinc. The alkali and alkaline earth metals and 
phosphate do not yield precipitates. The most important use for this reagent is 
for tile separation of cobalt from large amounts of nickel after prior removal of 
iron.iw Cobalt is precipitated as (C^qH,,02N)3Co. 


Busch, M., Ber., 38, 861, 1905; Gutbier, A., Z. angew. Chem., 18, -191, 1905. 

“3 Leobich, O., Z. anal. Chern., 68, 34, 1926. 

mil* coworkers, Z. anorg. allgem. Chem., 193, 311, 1930; 195 oso 

1931; 199, 347, 1931; 249, 225, 1942. ’ " ’ 

Berkovich, V. L., and Kulyashev, Y. V., J. Applied Chem. (U.S.S.R.), 10, 19‘> 1937 
““Gutbier, A., and Weise, G. L., Z. anal. Chem., 53, 426, 1914. 

8n Chem., 16, 677, 1904; Schmidt, W., Z. anorg. allgem. Chem 

SeS.^gsflo'’ ^193?^’ Chem., 67, 86, 1925; Mayr, C., Z. anal’! 
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Phenylthiohydantoic Acid.— 



N=C— S— CH 2 -COOH 


NH2 


Solubility.— Soluble in acetone, ether, and eiliyl alcohol; slightly soluble in water. 

Reagent Solution.— A saturated aqueous solution. 

Reactions.— In solutions slightly acidifted tvitli acetic acid, the reagent precipi- 
tales antimony, bismuth, cadmium, copper, lead, and mercury quantitatively, while 
.arsenic, tJJ). and metals not in ilje hydrogen sulfide group are not precipitated. 
From a hot. slightly ammoniacal solution, the reagent separates cobalt quantitatively 
in one operation from aluminum, arsenic, calcium, chromium, magnesium, man- 
ganese, mol)bdenum, titanium, tungsten, uranium, vanadium, and zinc.t»8 jj-Qn 
is kept in solution with citrate. Nickel is partially precipitated. 

Plithalic Acid.— 


a COOH 

COOH 

Solubility.— Soluble in ethyl alcohol; slightly soluble in water and ether. 
Reagent Solution.— Use a <1% aqueous solution; use boiling hot. 

Reactions.— This reagent precipitates zirconium quantitatively from solutions up 
to 0.35 N in hydrochloric acid.**® If the acidity is adjusted to 0.3 N in hydro- 
chloric acid, zirconium can be separated from aluminum, beryllium, cerium, iron, 
manganese, nickel, rare earths, thorium, and uranium. Separation from tin, chro- 
mium, titanium, and vanadium requires a second precipitation. Only iron, tho- 
rium, tin, and titanium precipitate from a neutral solution. 

PicToIonic Acid (I-p-nitropheHyl'J-methyl-foiitropyrazoI-S-one).— 


CO— CH— NO 2 



Solubility. — Soluble in ethyl alcohol; moderately soluble in water. 

Reagent Solution.— Use of 0.01 jM aqueous solution; stable for moderate length 
of time. 

Reactions.— The reagent forms insoluble picrolonates with barium, calcium, cop- 
per, iron, lead, magnesium, manganese, strontium, thorium, and zinc. Procedures 
have been described for the determination of calcium, rs® lead.r®*- and tliorium.^*’ 
Calcium is precipitated as CalCjoH^N^Og), at pH 4 to 6. Lead is precipitated 
at pH 2 to 6.5, and thorium at pH 2 to 3^2. Manganese can be separated from 
aluminum, cliromium, iron, and titanium with tliis reagent,r23 


118 Willard, H. H., and Hall, D.. J. Am. Chem. Soc., 44, 2219. 2226, 2237, 2253. 1922. 

119 Purushottam, A., and Rao. Bh. S. V. Ragha\a. Analyst, 75, 684, 1950. 

and Reich-Rohn^ig, W, Z anal. Chem.. 86, 98. 1931. 
iiiHecht. F., Reich-Rohr\Mg, W'., and Braiuner. H., Z. anal. Chem., 95, 152, 1933. 
123 Hechi. F.. and Ehrmann, W . Z. anal. Chem., 100, 87, 1935. 

123 Gusev, S. I,, Zhur. Anal. Khim., 1, 114, 1946. 
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Pro pylenediamine.— 

HoN— CHo— CHo— CHo— NHo 

This reagent is used in a manner similar to that for ethylenediamine.i'-^ Silver is 
precipitated with this reagent as the [Agio]" complex.i^s 
Pyridine.— 



Solubility.— Soluble in ether, ethyl alcohol, and water. 

Reagent Solution.— Pure pyridine used. 

Reactions.— In the presence of thiocyanate ions, pyridine forms insoluble com- 
pounds with cadmium, cobalt, copper, manganese, nickel, and zinc.‘-'' These com- 
pounds have the composition; Co(SCN)oPy,|, jMn(SCN) 2 Py 4 , Ni(SCN) 4 Py.j, Cd- 
(SCN)oPyo, Cu(SCN)oPyo, and Zn(SCN)oPy.j, where Py = C-IT-N. Precipitation is 
carried out by adding potassium thiocyanate and pure pyridine to a neutral or 
faintly acidic solution of the metal ions. Alkali, alkaline earth metals, and mag- 
nesium do not interfere. Lead gives a precipitate of basic tliiocyanate. This re- 
agent is useful for the separation of mercury from cadmium, copper, iron, and 
nickel. Iron is precipitated as the hydroxide. 

Pyrogalloh— 


OH 



Solubility.— Soluble in ether, ethyl alcohol, and water; slightly soluble in ben- 
zene and chloroform. 

Reagent Solution.— A 3% solution in air-free water or a solid reagent is used. 

Reactions.— The reagent forms insoluble compounds with antimony and bis- 
muth.i-8 It is used for the separation of antimony from arsenic and for the sep- 
aration of bismuth from lead. It is also used for the determination of antimony 
and bismuth in the presence of arsenic, cadmium, lead, or zinc. 

Qithialdinic Acid {Qtiinaldic Acid).— 



Solubility.— Soluble in ether, ethyl alcohol, and water. 

Reagent Solution.— A I to 3% aqueous solution of the acid or its sodium salt; 
stable several weeks when stored in an amber bottle. 

Reactions.— The reagent forms insoluble salts with cadmium, cobalt, copper, 
won(n), iron(III), lead, manganese, raercury(I), mercury(II), molybdate, nickel' 


i-^Spacu, G., and Spacu, P., Z. anal. Chem., 89, 187, 1932. 
i=5Spacu, G., and Spacu, P., Z. anal. Chem., 90, 182, 1932. 

Spacu, G.. and Dick. }., Z. anal. Chem., 71, 97, 442, 1927; 74, 188, 1928- 
F- Z- anal. Chem., 04, 41, 1924. 
i-speigi, F., and Ordelt, H., Z. anal. Chem., 65, 448, 1924. 


76, 273, 1929. 
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paJladium(II), platinum(II), silver, thorium, tungstate, zinc, and zirconium.^s''* 
Basic salts of aluminum, beryllium, chromium{III), iron{III), and titanium arc 
also formed. The reagent is used to separate zinc from aluminum, beryllium, 
chromium, iron, titanium, and uranium in an ammoniacal tartrate solution: zinc 
from barium, calcium, magnesium, manganese, and phosphate in dilute acetic acid 
solution; copper from cadmium, cobalt, manganese, and nickel, from dilute sul- 
furic acid solution; and copper from arsenic, lead, and phosphate from dilute 
acetic acid. 

Copper is precipitated from a relatively acidic solution, svhile cadmium and zinc 
remain in solution. Palladium is precipitated from a hot solution of pH 3 to 7 
containing ammonium chloride and tartaric acid,^*o Nq common ions interfere. 
Thorium and zirconium yield precipitates at pH 2.7 and S.'®* This method can be 
used to separate thorium from arsenic, cerium, lanthanum, manganese, mercury, 
neodymium, praseodymium, and yttrium. Zirconium is not precipitated from a cold 
but is precipitated from a hot solution. Uranium is also precipitated.^^^ 

Quinoline-S-Carboxylic Add.— 



COOH 


Solubility.— Soluble in acetone, ether, and ethyl alcohol: slightly soluble in water. 

Reagent Solution.— A saturated aqueous solution. 

Reactions.— Copper is precipitated from an acetic acid solution of pH 3.5 to 4 
by the reagent. Under the same conditions cadmium, cobalt, le.ad, mercury, nickel, 
and zinc do not precipitate. Silver and gold also yield precipitates with tltis re- 
agent.i8^ Cadmium can be separated from antimosiy, arsenic, bismuth, and copper 
by precipitating from a dilute sulfuric acid solution containing tartrate.^^^ Iron(ll) 
is also precipitated in the presence of tartrate. 

Salicylaldoxime.— 

r^^^^CH=NOH 


Solubility.— Soluble in acetone, ether, and ethyl alcohol; slightly soluble in water. 
Reagent Solution.— Dissolve 1 g. of Uie reagent in 5 ml. of etlxyl alcohol, and 
pour slowly, with stirring, into 95 ml. of water at SS'C. 

Reactions.— Salicylaldoxime is used for the precipitation and determination of 
bismutli.’-^i copper.^35 lead.i^e nkkel.i^^ palladium,i38 The pH at which 


129 Ray, p„ and Bose, M. K., Z. anal. Chem., 95, 400, 1934; 100, 324, 1935; Mikrochemie, 
17, 11. 1935; Ray. P., and Gupta. J.. Mikrochem., 17, 14. 1935; 18, 89. 1935, 
i<i9 Majumdar, A. K., and Gupta, J. G. Sen, Z. anal. Chem., 161, 104, 1958; 162, 262, 
1958. 
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precipitation is carried out is important in efrecting a number of useful separa- 
tions. Copper is completely precipitated at pH 2,6; nickel begins to precipitate 
at pH 3.3: bismuth from 7.2 to 9.4; and lead precipitates completely at pH 8.9 
or above. In a strongly ammoniacal solution, lead can Ire separated from cadmium, 
silver, and zinc. Palladium(II) is precipitated from an acidic solution, and can be 
separated from platinum. Vanadium is only partially precipitated from a sulfuric 
acid solution. 

The principal use of this reagent has been for the precipitation of copper, which 
is carried out with very little interference from other ions when the pH of the 
solution is 2.6. 

Sodium Nnphlhiotmte.— 


NH-. 



SO:,Na 


Solubility.— Soluble in water. 

Reagent Solution.— A 10% aqueous solution. 

Reactions.— Thorium can be separated from associated cerium earth elements 
by a single precipitation with this reagent.*-'*'^ Tlie acidity must be maintained 
within the narrow limits pH 2.3 to 3.2. Cerium earth metals can be determined 
in the filtrate by making basic with ammonia, filtering, washing, and igniting. 

TSulfo7uwiidiue {o-{p'Tolnyhitlfonmmde)atiiline).— 



Solubility,— Soluble in ethyl alcohol and water. 

Reagent Solution.— Dissolve 1 g. of reagent in MO ml. of 95% ethyl alcohol and 
add 60 ml. of water. 

Reactions.— Copper is quantitatively precipitated by the reagent from solutions 
of pH 6.2 to 8.5 as Cu(Cj3Hj.,N;.02S)o.i*o At pH 6.5 the following ions do not 
precipitate: barium; beryllium; cadmium; calcium; chromium(III); cobalt; irid- 
lura(IV): magnesium; manganese; nickel; strontium; yttrium(III); and zinc. An- 
timony, bismuth, and silver are removed as chlorides, and metals that tend to 
precipitate as hydroxides are masked by tartrate. 

Tatmin {Tan 7 iic Acid).— 

Solubility.— Soluble in ethyl alcohol and water; insoluble in chloroform and 
ether. 


Reagent Solution.— A 2% aqueoirs solution, freshly prepared. 

Reactions.— Tannin has proved extremely useful for dre separation and deter- 
mination of many metals, including aluminum, beryllium, gtdlium, germanium, 
mo ybdenum, niobium, tantalum, titanium, tungsten, and uranium. Many other 
metals such as antimony, bismuth, lead, tin, and zirconium are partially precipi- 
mted as white solids which are readily soluble in dilute acids. A number of 
metals either give no reaction with tannin, or react only on addition of a base. 


Purushottam, A., and Rao, B. S. V. R.. Analyst, 75, 555, 1950; Miner, H. S., U 
212, 53, 1923. 

I Iman, J. H.. Janetos, N. S., and Cliernin, R., Anal. Chein., 32, 1342, 1960. 
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These include: the alkaline earilis; cadmium; cerium; cobalt; copper; magnesium; 
manganese; nickel; platinum; rare eartlis; Uiorium; and zinc. These precipitation 
procedures are used in combination with a variety of reagents, such as acetic, 
oxalic, salicylic, and tartaric acids or tlicir salts. They also require a fairly care- 
ful adjustment of the pH of the solution, and are carried out in hot solutions 
containing an electrolyte.**^ From an ammoniacal solution, ions of aluminum, 
beryllium, manganese, niobium, rare earths, tantalum, titanium, uranium, and 
zirconium are precipitated. For tlie precipitation of titanium, vanadium, and zir- 
conium, and probably also chromium, iron, niobium, tantalum, thorium, and 
uranium, from a tartrate solution, the pH should be between G and 7. 

The metals have been classified into groups depending on their precipitation 
behavior witii tannin. These arc as follows: Group A includes metals precipitated 
by tannin from a weakly acidic oxalate solution that is half saturated with am- 
monium chloride; these arc niobium, tantalum, and titanium. Group D in- 
cludes metals precipitated by tannin from a neutral tartrate solution containing 
an alkali acetate; tliese arc aluminum, cliromium, gallium, hafnium, iron, tho- 
rium, uranium, and zirconium. Group C consists of those elements precipitated 
by tannin from an ammoniacal tartrate solution; these are beryllium, manganese, 
and the rare earths. 

Important separation procedures in which tannin is used are: niobium and 
tantalum, **• niobium and tantalum from aluminum, thorium, and zirconium; **^ 
titanium from zirconium; *** uranium from niobium, tantalum, and titanium; 
aluminum from beryllium; **^ gallium from beryllium, cadmium, cobalt, manga- 
nese, nickel, thorium, and zinc; **** beryllium from aluminum, chromium, iron, 
thorium, titanium, vanadium, and zirconium,**’ and also tin; *** germanium from 
aluminum, iron, diorium, and zirconium; **’ and zirconium from niobium and 
tantalum.**® 

Tetraphenylarsonium Chloride.^ 

(CeHfijiAsCl 

Solubility.— Soluble in water. 

Reagent Solution.— O.OI to 0.03 M in water. 

Reactions.— The reagent lorms insoluble salts with bromide, diromate, fluoride, 
iodate, iodide, molybdate, perchlorate, periodate, permanganate, perrhenate, thio- 
cyanate, and tungstate.*’® It also precipitates the halide complexes of such met- 
als as bismuth, cadmium, goId(lIJ). iron(IIi), mercury{II), platinum(lV), thal- 

*** Hillebrand, \V. Lmideil, G. E. F., Bnght, H. A., and Hoffman, J. I., Applied 
Inorganic Analysis, Jolin Wiiay and Sons, New York, 1953. 

1*2 Pouch, A. R., and Schoeller, W. R., Anal)st, 50, 485, 1925; Schoellcr, W. R., 
Analyst, 57, 750, 1932, Schoellcr, W. R., Tlic Analytical Chemistry of Tantalum and 
Niobium, Chapman and Hah, London, 1937. 

143 Schoellcr, W. R., and Webb, H. W.. Analyst. 58, 143, 1933. 

14* Powell. A. R.. and Schoeller, AV. R., Analyst, 55, 605, 1930. 

145 Moser, L, and Nicssner, M., Monatsh., 48, 113, 1927; Moser, L., and Singer, J., 
Monalsh., 48, 673, 1927. 

146 Moser. L.. and Biukl, A., Monatsh.. 50, 637, 1928. 

1*1 Moser, L., and List, F., ]\Ionaish.. 31, 1133, 1929. 
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isoAVillard. H. H., and Smith, G. M., Ind. Eng. Chem., Anal. Ed., 11, 186, 269, 1939. 
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lium(III). tin(IV), and zinc, and also diat of tcllurium.i^i The reagent has been 
usecl for the determination of cadmium, mercury(II), tellurium, thallium, tin(IV), 
zinc, perchlorate, periodate, permanganate, pcrrhcnate, and tungstate.i^a 
Tetraphenylboron (Sodhuii Salt).— 

(C6H5).,BNa 


Solubility.-Soluble in water. 

Reagent Solution.— A 2 to S% or O.I iM aqueous solution; should be prepared 
every few days. 

Reactions.— 'I'll is reagent has been used principally for the determination of 
potassium, but other ions which form precipitates are ammonium, cesium, ru- 
bidiimi, coppcr(I), mcrcury(I).i®' silver, and thallium(I).i^'» Procedures have been 
developed for the determimition of these ions also. Copper has been separated 
from a large number of cations, except mercury (11), by the homogeneous pre- 
dpitation of copper(I) teiraphcnylborate, using ascorbic acid as a reducing 
agent.‘5* eD'FA may be used to eliminate interference in some precipitations. 
Ions which do not interfere are aluminum, barium, calcium, cadmium, cobalt, 
copper(II), iron(III). lithium, magnesium, nickel, sodium, strontium, zinc, chloride, 
bromide, iodide, acetate, nitrate, perchlorate, and sulfate. 

Thioacetamide,— 


CHrr-C.S— NH-z 


Solubility.— Soluble in ethyl alcohol and water; slightly soluble in ether. 

Reagent Solution.— .A 2 or 5% ritiueous solution. 

Reactions.— Thioacetamide hydrolyzes in aqueous solution to form hydrogen 
sulfide, and has beeii extensively used to precipitate metal sulfides. Procedures 
have been described for the precipitation of antimony, arsenic, bismutli, cadmium, 
copper, lead, mercury, molybdenum, and tiu.^^'* 

Tliioualide {Thioglycolic ^•amiiioiiaphtludide).— 



Solubility.— Soluble in acetone, ethyl alcohol, and glacial acetic acid; insoluble 
in water and solutions of' mineral acids. 

Reagent Solution.— .A 1 or 2% solution in acetone, ethyl alcohol, or glacial acetic 
acid; this solution should be freshly prepared. 

“iBode, H., Z. anal. Cliein., 131, 100, IQ')!. 

Smith. Jr.. AV. T.. .Anal. Cheiu., 20, 937. 19-18. 
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Heyrovsky', A.. .Analyst. 83, .432, 1960. 
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D. G., Anal. Cheni.. 32, 1321, 1960. 

iQ-n jakobljevich, H., .Anal. Chim. .Acta, 4, 247, 351, 356, 482, 486, 602, 
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5 Product Bulletin 10-1, J. T. Baker Chemical Co.. Phillipsburg, N. J., 
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Reactions.— This reagent forms slightly soluble compounds with most of the 
metals of the hydrogen sulfide group.*’® Elements precipitated by thionalidc 
under diflercnt conditions are grouped as follows*. (1) from dilute mineral acids— 
antimony, arsenic, bismutli. copper, gold, mercury, palladium, platinum, ru- 
thenium, silver, and tin; (2) from acetic acid or buifered solution— in addition to 
the elements of group I, cadmium, cob.iIt, manganese, and thallium arc also pre- 
cipitated; (3) from an ammoiiiacal solution containing cyanide and tartrate, only 
ihaUium; (4) from a carbonate solution containing tartrate— cadmium, copper, 
gold, mercury(II), and thallium(I); (5) from a carbonate solution containing 
cyanide and tartrate— antimony, bismuth, gold, lead, thallium, and tin, 

Triphenylmethylarsoriium Iodide.— 

(C6H5)3CHaAsI 

Solubility.— Soluble in 95% ethyl alcohol and 0.5% potassium iodide solution. 

Reagent Solution.— A 0.5% solution in 0.5% potassium iodide. 

Reactions.— This reagent has been used to precipitate cadmium from dilute sul- 
furic acid in the presence of laige amounts of zinc,*®® Atitimojiy, arsenic, bis- 
mutli, copper, lead, mercury, and silver interfere. 

Triphenyltin Chloride.— 


(C«Hs)3SnCl 

Solubility.— Soluble in acetone, ether, and ethyl alcohol; insoluble in water. 

Reagent Solution.— Dissolve 2 g. of the re.'igeiu in 100 ml. of 95% ethyl alcohol. 

Reactions.— The reagetu precipitates fluoride as insoluble triphenyltin fluoride.*®* 
Carbonate, phosphate, and silicic acid interfeie, but moderate amounts of bromide, 
chloride, iodide, nitrate, and sulfate do not. 

INORGANIC PRECIPITANTS 

Very few inorganic precipitants arc specific in their action under any condi- 
tions, but some are suificienily selective to permit their use in a number of im- 
portant separations. For example, hydrochloric acid yields precipitates only widx 
lead, mercury(l), silver, and thallium(l) ions, and sulfate ions precipitate only 
barium, lead, and strontium, and perliaps calcium. Further, some nonselective 
precipitants, such as ammonium hydroxide and hydrogen sulfide, which precipi- 
tate many ions, are still extremely useful for special group separatiojts. 

Improved separations using inorganic precipitants have been proposed in which 
masking reagents, such as EDTA, are used. The results of some of these studies 
are given in Table 5-4. 

A selected list of common inorganic precipitants for the metals and anions is 
given in Table 5-5. 

169 Berg, R., and Roebliiig, W., Uer., 68, 403, 1935; Berg, R., Angew. Ctiem., 23, 404, 
1934; Z. anal. Chem., 109, 305, 1937; 112, 161, 1938. 

160 Dwyer. F. P.. and Gibbon. N. A.. Analyst. 75, 201, 1950. 

Allen, N., and Funnan. N. H., J. Am. Cheni. Soc, 54, 4625. 1932. 
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Table 5-4. Precipitation with Inorganic Reagents 
IN THE Presence of EDTA 


Reagent 

Chloride 

Iodide 

Fluoride 


Ammonium 
hydroxide 
Sodium hydroxide 

Hydrogen sulfide 


Chromate 

Sulfate 

Tellurite 

Ferrocyanide 


Results 

Silver and thallium precipitate from acetic acid solution. Mer- 
cury is reduced by EDTA and must be oxidized. 

Silver and thallium precipitate from acetic acid solution, but 
only silver precipitates from an ammoniacal solution. 

In a solution of pH 4.0, lanthanum, rare earths, scandium, 
thorium, and yttrium precipitate. Calcium and magnesium 
do not. 

Antiinony(III), beryllium, tin(IV), and titanium precipitate. 
Uranium is precipitated as ammonium diuranate. 

Bismuth, hafnium, iron(IIl), niobium, tantalum, thorium, 
titanium, uranium, and zirconium precipitate. 

Antimony, arsenic, bismuth, mercury, silver, thallium, tita- 
nium precipitate immediately. Cadmium and copper precip- 
itate slowly. 

Barium and thallium precipitate from an acetic acid solution. 

In a solution of pH 4.0, only barium precipitates. Lead and 
strontium do not. 

In a solution of pH 4.0, cesium, sodium, and tin(IV) precipi- 
tate. Potassium and rubidium do not. 

In a solution of pH 2.5, iron(II), manganese(II), silver, zinc, 
zirconium (and hafnium) precipitate. 


' 6 -Pribil, R., Collection Czcchoslov. Chem. Communs., 16, 542, 1951; Chem. Listy, 45, 
57, 1951 ; Cheng, K. L., .^nal. Chem., 33, 783, 1961. 


Table 5-5. Inorganic Precipitants 
THE METALS 



Precipitated as 

Precipitant 

Aluminum 

A1(0H)3 

NH40H,Na2S203,NaN02, KI + KIO 


AIPO 4 

(NH4)2HP04 

Ammonium 

(NH4)2PtCl6 

H 2 PtGl« 

Antimony 

SboSs 

HoS 

Arsenic 

AS 2 S 3 

H 2 S 


MgNH4As04 

Magnesia mixture 


Ag3As04 

AgNOs 

Beryllium 

Be(OH )2 

NH 4 OH, NH 4 N 02 


BeNH4P04 

(NH4)2HP04 -f- NH4N03 

Barium 

BaS04 

H 2 SO 4 


BaCr 04 

K2Cr04 


Ba(103)2 

KIO 3 
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Table 5-5. (jConttnued) 

THE METALS 


Prieipitatid as Precipitant 


Bismuth 

(BiO^iCOj 

(NH4)2COs 


BiOCl 

HCI 


BiOI 

KI 


BijSa 

HjS, NajSzOs 


BiP04 

(NH4)2HP04 

Cadmium 

CdS 

HjS 


CdMoOi 

(NH4)2Mo04 


CdNHaPO* 

(NHi)2HP04 


Cd3[Co(CN)6lj 

K 3 lCo(CN) 6 ) 

Calcium 

CaW04 

Na2VV04 


CaMo04 

(NH4)'.Mo04 


Ca(I03)2 

HIO 3 


CaFj 

KF 

Cerium 

CeOj 

H 2 O 2 + NHiOH 

Cesium 

CSiPtCU 

HaPtCh 


CS3(Co(N02)4| 

Na3(Co(N02)6) 

Chromium 

Cr(OH)3 

NH 4 OH, KCNO, NH 4 NOJ, KIO* 
+ KI 


CrPO, 

(NH4)2HP04 


HgjCrOi 

Hg2(N03)2 


AgjCrOi 

AgNO» 


BaCr 04 

Ba(C2H302)2 


PbCi04 

Pb(C2H302)2 

Cobalt 

CoS 

(NH4)2S 


C 0 NH 4 PO 4 

(NH4)2HP04 


K3lCo(NO,)6l 

KNOr 


Co[Hg(SCN)4l 

K2[Hg(SGN)4] 

Copper 

CuS 

HjS 


CU 2 (SCN )2 

NH<SCN + SOz 


Cu(IOa )2 

KIO 3 


Cu(OH)2 

NaOH 


Cu 

AI or Zn 

Gallium 

Ga(OH)3 

NHtOH, urea 


Ga4[Fe(CN)6l3 

K4lFc(CN)6l 

Germanium 

Mg2Ge04 

MgS04 + (NH4)2S04 


GeSj 

HjS 

Gold 

Au 

SO 2 , FeSOi 

Indium 

In(OH )3 

NHtOH, NaOH, BaCOs, KCNO 


In2S3 

HtS 


InP04 

(NH4)2HP04 
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Table 5-5. {Continued) 

THE METALS 

Precipitated as Precipitant 


Iron 

Fc(OH):! 

FCPO 4 

FenlCo(CN)8]-. 

Lanthanum 

La(OH )3 

Lead 

PbS 

PbS04 

PbCrOi 

PbMoO) 

Pb(IO;,)> 

PbaHiCIOfile 

Lith'um 

LiZn(U02), 4 ( 0211302)0 
LiaPO, 

LijIOo (approx.) 
LiKFcIOa 

Magnesium 

MgNH,P04 

MgNHjAs 04 

Manganese 

MnOj 

MnMHiPOj 

Mn4lCo(CN)fil 

Mercury 

HgS 

Hg.Clo 

Hg 

HglZn(SCN) 4 ] 

Hg5(IOfl)2 

Hg[Cr(NH4)2(SCN)4l2 

Hg2(I04)2 

Hg(I03)i 

Molyb- 

PbMo04 

denum 

M 0 S 3 

Ag^MoOi 

Nickel 

NiS 

Ni(OH).. 

Ni3lCo(CN)s]2 

Palladium 

Pd 

Pdl 

PdS 

Pd(CN )2 

Platinum 

(NH4)2PtCl6 


NH.,OH. NH^NOu 

(NHOsPOa 

K:,{Co(CN)9l 

NH,,OH 

H->S 

HiSOi 

KoCrOi 

(NHOjMoO., 

KIO;, 

KIO., 

U02(C2H:j 02)2 "P Zn{C2H302)2 
Na-..HPO, 

KIOi 

KIOi 

Magnesia mixture 
(NH4)3 AsO, -P NHiCl 

KClOs + HNOa 

(NTDsHPOv 

K3(Co(CN)o1 

H 2 S 

HCl 

SnCl-. 

ZnSO., + NPLSCN 

KI 04 

Reincckc’s salt 

KIOn 

KIO3 

PbCC.HsOi)-. 

PI2S 

AgNOa 

(NH4)aS, Na-aSoOs 

NaOH 

K3(Co(CN)6] 

NoPL-PIoSOa 

KI 

HoS 

Hg(CN)2 

NH.,C1 
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Table 5-5. (Continued) 

THE METALS 


Precipitated as Precipitant 


Potassium 

KzPtCU 

HaPtClj 


KCIO 4 

HCIO 4 


K2NaICo(N02)6] 

Na3[Co(N02)el 


KIO 4 

HIO* 

Rhenium 

R 02 S 7 


Rubidium 

(Rb, Na)3[CoCN02)(l 

Na3lCo(N02)6l 


Rb2ptCl(i 

HjPiCIb 

Scandium 

Sc(OH)a 

NH 4 OH 


ScFa 

NaaSiFs 

Selenium 

Se 

NajSOa, SO:, SnCh, N 2 H 4 

Silver 

AgCl 

HCl 


Ag 8 [Co(CN),l 

K 3 (Co(CN) 8 ] 

Sodium 

NaZn(U02)3(C2H302),- 6 HjO 

U02(C2H302)j + Zn(C2H302): 


NafiCsjfBKNOjlsIs 

KNO 2 -h Bi(NO 03 + CsNOj 

Strontium 

SrS 04 

H 2 SO 4 


SrFj 

KF 


Sf(IOa )2 

HIO 3 

Tellurium 

Te 

NsH4, HiPOs, SOa 

Thallium 

Tl2Cr04 

KjCrOi 


Tlj(Co(N02)e! 

NajlCoCNOj)^] 


Til 

KI 

Thorium 

ThdOj)* 

KIO 3 


ThF4 

NH 4 F 


Th(OH)4 

NH 4 OH 

Tin 

Sn(OH )4 

NH 4 OH 


SnS2 

HaS 


H 2 Sn 03 

HNO 3 

Titanium 

H2[Ti02, Se03]-2H20 

HsSeOs 


Ti(OH)4 

NaOH, NH 4 OH 


Ti(i03)4-3K103 

KIO 3 

Tungsten 

BaW 04 

BaCh 

Uranium 

(NH4)2U207 

NH 4 OH 


U04-2H20 

HjOz 

Vanadium 

(Hg2)3(V04)2 

Hg2(N03)2 


Ag3V04 

AgNOa 


Pb3(V04)2 

PbCCaHsOalz 
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1'aulk 5-5. (CoiUtnufd) 


THE METALS 



Pra ipitaUd as 

Precipitant 

Zinc 

ZnNHiPOi 

(NH.,)jHPO., 

ZnS 

H..S 


Zn(Hg(SCN).il 

K,(Hg(SCN)4! 


K-.ZnslFe(CN)sl-. 

K,[Fc(CN) 6 l 

Zirconium 

ZrH,(PO,,)o 

(NH,)..HPO, 


ZrOSeOn 

H,-SeO:t 


ZrOHAsO, 

Ka.;H.‘\sO, 


THE 

ANIONS 


Pmipilatal as 

Precipitant 

Boralc 

Ca(BO,0i 

CaCie 


Ba(BOu).. 

BaCl,. 

Bromide 

AgBr 

AgNOs 

Chloride 

AgCl 

AgNOa 

Chromate 

Sec Chromium 


Cyanide 

AgCN 

AgNO:, 

Ferricyanide 

Ag:,(Fe(CN) 6 ! 

AgNO:.. 


(Co(NH:,) 6 ](Fe(GN)o] 

lCo(NH;,)clCI:, 

Fcrrocyanide 

Ag4Fc(CN)6l 

AgNOa 

Fluoborutc 

KBF, 

KCI 

Fluoride 

CaFo 

CaCl 


PbClF 

HCl + Pb(NO;,)e 


ThF., 

Th(NO;,)l 

Iodide 

Agl 

AgNOa 


Pdl... 

PdCl,. 


Pbl.. 

Pb(CjHaO,.),. 

I'lolybdalc 

Sec Molybdenum 


Perchlorate 

KCIO., 

KGAloO,. 

Phosphate 

(ZrO)HPO, 

ZrCl, 


(NH.i)3(MoOa)i2PO.» 

(NHOeMoOa + HNO 3 


MgNH.,PO., 

Magnesia mi.\iuie 

Silicate 

SiOo 

HCl 

Sulfate 

BaSO^ 

Bade 


lCo(NHa)6]BrSO,, 

iCoCNFFOoJBra 
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Thiocyanate 

Tungstate 

Vanadate 


Table 5-5. {Continued) 

THE ANIONS 

Precipitated as 

AgSCN AgNOj 

Cuj(SCN)j CuSO^ + SOs 

See Tungsten 
See Vanadium 


Precipitant 



generation of reagents 

IN HOMOGENEOUS PHASE 

By 

Jacob Block 

Olin Mailiichon Clicinical C-’orp., New Havc'n. Conn. 

E. D. Salesin 

Kasiman Kodak C:o,, Roclicstei, N. V. 

and Louis Gordon 

Case Insuuue of 'I'cchnology, Cleveland, Ohio 


The moderii concept of precipitation from iiomo^eneoiis solution was introduced 
ill 1937 by Willard and Tang.**'-' In this technitiue, the precipitating agent is 
generated throughout the solution by a Iiomogeneous chemical reaction. Because 
the reagent is not added ilirectly and thus undesirable concentration ellects are 
avoided, the precipitate formed is dense, readily filterable, and most important, 
exhibits minimal coprecipitation. 

The following procedure is given as an illustrative e.\ample of the technique of 
precipitation from homogeneous solution. 'This is a procedure lor the determination 
of nickel with dimethylglyo.xime generated in situ from biacetyl and hydroxylamine. 

Adjust the pH of the solution containing no more than liOO mg. of nickel to 
7.5 i 0.1 with ammonium hydroxide. Add a ([uantity of biacetyl etpial to six 
limes the approximate weight of nickel to be precipitated, but never less than 
>1.12g. in any case. Next add with stirring, oO ml. of a solution, adjusted to pH 
75 i 0.1 with ammonium hydroxide, containing a (juantity of hydroxylamine 
hydrochloride ecpial to four times the weight of biacetyl added, but in no case 
less than 0.5 g. .Adjust the iinal volume of the solution to 100 ml. if 0.5 to 5 mg. 
of nickel are present, to 200 ml. for 5 to 50 mg., to 300 ml. for 50 to 100 mg., or 
to-iOOml. for 100 to 200 mg. Allow the solution to stand at room temperature 
for at least one hour (or longer) after precipitation begins and then heat to 80 to 
90'C. for two hours. Cool the solution, filter, wash the precipitate with water, 
and dry' to constant weight at bUrC. 

Similarly, many ions can be generated at a slow rate so that precipitates with 
vastly improved characteristics are formed. The reactions, elements precipitated, 
r 'ovse ions studied, and pertinent references will be presented in the following 
Paragraphs in outline form: fractional precipitation methods will be omittecl. 

or a comprehensive treatment of the entire subject of precipitation from ho- 
>nogeneous solution, see Gordon, Salutsky, and Willard. ror 

HYDROXIDES AND BASIC SALTS 

^ydrolysis of Urea to Raise the bll of the Solution. 

Rcuction 

(NH.:)..CO + H-O -> 2 NH 3 + CO 2 

Iwr and Tang, N. K., J. Am. Clrcm. Soc., 59, 1190, 1937. 

Saluiskv, M. L., and \\illavd, H. H., Precipitation from Homogeneous 
^o'or'on, John Wiley and Sons, Inc., New York, 1959. 

1.39 
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Elements Precipitated. 

(a) Aluminum (as the basic succinate).i“'i»« 

Quantity Precipitated. 1 to 100 mg. 

Diveise Ions Studied. Ba, Ca, Cd, Co, Cu, Fe, Mg. Mn, Ni, Zn, and phos- 
phate. 

(b) Aluminum (as the basic sullate).'«»»»«s 
Quantity Precipitated. 100 mg. 

Diverse Ions Studied. Ca, Cd, Co, Cu, Mg, Mn, Ni, and Zn. 

(c) Bismuth (as the basic formate).*®^ 

Quantity Precipitated. 100 to 500 mg. 

Diverse Ions Studied. Pb. 

(d) Gallium (as the basic sulfate).^“»*«®»*'® 

Quantity Precipitated. 10 to 130 mg. 

Diverse Ions Studied. Ca, Mn, and Zn. 

(e) Iron (as the ba.sic formate).^^'*’^* 

Quantity Precipitated. 20 to 670 mg. 

Diverse Ions Studied. Ba, Ca, Co, Cd, Cu, Mg, Mn, and Zn. 

(f) Thorium (as the basic formate or sulfate).*’®**'* 

Quantity Precipitated. 50 to 100 mg. 

Diverse Ions Studied. Ce, Gd, La, Nd, Pr, and Y. 

(g) Tin (as the basic sulfate).*”**’*'”® 

Quantity Precipitated. 150 to 300 mg. 

Diverse Ions Studied. Fe, Mu, and Ni. 

(h) Zirconium (as the basic formate or succinate).*’® 

Quantity Precipitated. 100 mg. 

Diverse Ions Studied. Th. 


OXALATES 

Hydrolysis of Esters to Produce Oxalate Ion. 
Dimethyl Oxalate. 

Reaction. 


(CHa)2CjO, + 2 HjO -♦ 2 H+ + CjO*- + 2CH3OH 

Elements Precipitated. 

(a) Actinium.*” 

Quantity Precipitated. 25 to 40 mg. 

Diverse Ions Studied. AI, Fe. 

U55 Willard, H. H., and Tang, N. K., liid. Eng. Chem., Anal. Ed., 9, 357, 1937. 

ibo Gordon, L., unpublished research. 

lar Cartwright, P. P. S.. Anahst, 85, 216, 1960. 

108 Willard. H. H.. and Fogg, H. C., J. Am. aiera. Soc., 59, 1197, 1937. 

169 Willard, H. H., and Fogg, H. C., J. Am. Chem. Soc.. 59, 2422, 1937. 

110 Wtllard, H. H., and Fogg, H. C., J. Am. Chou. Soc., 59, 40, 1937. 

171 Willard, H. H., and Sheldon. I. L., Anal. Chem., 22, 1162, 1950. 

172 Sheldon, J. L., Ph.D. dissertation. University of Michigan, 1940. 

173 Gordon, L., Ph.D. dissertation. University of Michigan, 1947. 

174 Willard, H. H., and Gordon, L., Anal. Chem.. 20, 165, 1948, 

175 Willard, H. H.. and Gordon, L., Anal. Chem., 25, 170, 1953. 
i70Goidon, L., Teicher, H., and Burt, B. P., Anal. Chem., 26, 992, 1954. 

177 Salutsky, M. L.. and Kirb>, H. W., AnaL Chem., 28, 1781, 1956. 
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(b) Americium.i"® 

Quantity Precipitated. Not given. 

Diverse Ions Studied. La. 

(c) Calcimn.‘’‘'’^'*‘’ 

Quantity Precipitated. 1 to 125 mg. 

Diverse Ions Studied. Ba, Mg. 

(d) Rare Earths.»s'. 

Quantity Precipitated. 50 to 200 mg. 

Diverse Ions Studied. Rare earths, Ca, Th, and Y. 

(e) Tiioriuni.i''* 

Quantity Precipitated. 30 to 200 mg. 

Diverse Ions Studied. Rare earth.s, Al, Ca, Ti, Zr, and phosplnite. 

([) Uranium.i^'*^ 

Quantity Precipitateii. 10 mg. 

Diverse Ions Studied. Ce, Sc. 

Dietliyl Oxalate. 

Reaction. 

(C.Hsl'CaO^ T 2H.,0 — 2H-*- + CaO,^ -|- 2CAIsOH 

Elements Precipitated. 

(a) Magnesium.'**? 

Quantity Precipitated. 1 to 100 mg. 

Diverse Ions Studied. Li. Na, chloride, perchlorate, and sulfate. 

(b) Zinc.'ss.iso 

Quantity Precipitated. 1 to 50 mg. 

Diverse Ions Studied. Ca, Cd, Cu, Fe, Mg, Ph, acetate, chloride, and sulfate. 
Hydrolysis of Urea to Raise the f)H of an Acid Solution Containing the liiox- 
alate loti. 

Reactions. 


(NPLOaCO + H.,0 — 2NH3 + CO:; 


NH 3 + Hc-.or -> nfi.,+ + a.o.r 

Element Precipitated. 

Calcium. u>i 

Quantity Precipitated. 0.5 to 300 mg. 

Diverse Ions Studied. .Al, Cr, Fe, Mg, Mu, Ti, chloride, phosphate, and sulfate. 
Hydrolysis of Acetone Dioxalic Acid. 

J- Ph.D. tli.s;>ertaiioii, Uuiversiiv of New .Mexico, 1955. 
is' , . C-. and Wroc/ynski, A. K., Anal. Cheiu., 21, 896, 1952. 

mr Abstr., 5, 3633, 19.58. 

teibush, A. .M., Rowley, K.. ami Gordon, I... Anal. Chem., 30, 1605, 1958. 
me S*'hiner, D. L.. and Stevens, R. E., Anal. Chem., 27, 1058, 1955. 

mr . • ‘‘"D Gordon, I... Anal. Chem.. 25, 1256, 1953. 

mu , ’ '^'unsclow, C. H., and Willard, H. H.. Anal. Chem., 21, 1323, 1919. 

iSGRul’’’ “"'I Edwards, R. F... Anal. Chem., 27, 917, 1955. 
isir , ’ J > and Gordon, L., unpublished research. 
jssp°, Caley, E. R.. Anal. Chem., 20, 560, 19-18. 

isov^i ’ T Clordon, L., and Simmons, E. A., fr.. Anal. Chem., 22, 1060, 1950. 
i8on, ’ J- horup. R. E., Anal. Chem.. 25, 610, 1953. 

T,‘ DD.D. dissertation. University ot Michigan, 1932. 

"Sois. R. s., and Murray. P. E., Anal. Chem., 21, 525, 1949. 
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Reaction. 

[Acetone dioxalic acid] + H 2 O —* Oxalate 
Element Precipitated. 

Thorium.i®2 

Quantity Precipitated. Not given. 

Diverse Ions Studied. Rare earths, Ti, and Zr. 

PHOSPHATES 

Hydrolysis of Trimethyl Phosphate to Produce Phosphate Ion. 

Reaction. 

(CH3)3P04 + HiO 3CHjOH + 3H+ + P04-* 

Element Precipitated. 

Zirconium.!®* 

Quantity Precipitated. 2 to 160 mg. 

Diverse Ions Studied. Al, As, B, Bi, Ca, Cd, Ce, Co, Cr, Cu, Fc, Hg, Mg, Mn, 
Na. Ni, K, Sb, Sn, Th, U, V, Z», and tartrate. 

Hydrolysis of Metaphosphoric Acid to Produce Phosphate Ion. 

Reaction. 


HPOi + HzO 3H+ + PO 4 -* 

Element Precipitated. 

Zirconium.*®* 

Quantity Precipitated. 0.2 to 150 mg. 

Diverse Ions Studied. Al, As, B, Bi, Cd, Cc, Co, Cr, Cu, Fc, Hg, Mg, Mn, Na, 
Ni, K, Sb, Sn, Th, V, Y, Zn, perchlorate, and tartrate. 

Hydrolysis of Phosphorus Oxychloride to Produce Phosphate lost. 

Reaction. 


POCI 3 + SHzO -» P 04 -’ + 3H+ + 3HCI 
Element Precipitated. 

Magnesium.!®®' !®* 


SULFATES 

Hydrolysis of Sulfamic Acid to Produce Sulfate lost. 
Reaction. 


NH2HSO3 + H2O -» NH4+ + H+ d- S04=* 

Elements Precipitated. 

(a) Barium.195. i®®. i®: 

Quantity Precipitated. 1 to 170 mg. 

ii)2Zaiko\skii. F. V., and Gcrkhaid, L. I., Nuc. Sci. Abslr., 13, 1177, 1959. 

183 Willard. H. H.. and Hahn, R. B.. Anal. Chcin., 21, 293, 1949. 

18! No information a\ailable as to either quantity precipitated or diierse ions studied. 
190 Freund, H., Ph.D. dissertation, Unhersity of Michigan, 1945. 

188 Wagner. W. F.. and Wuellner, 1. A.. Anal. Chem., 24, 1031, 1952. 

182 Gordon, L.. and Rowley, L., Anal. Chem., 29, 34, 1957. 



reagents in homogeneous phase MS 

Diverse Ions Studied. Ca, I'c, Ra, Sr, nitrate, and pliospliate. 

(b) 

Quantity Precipitated. 

Diverse Ions Studied. Constituents in NBS alloys and bar lead. 
jjyilrolyiis of Dimethyl Sulfate to Produce Sulfate Ion. 

Reaction. 

(CH3) >S0., -h II .O -> 2Cl:laOH + 2H+ + SO,” 

Elements Precipitated, 

(a) Barium.-*'® 

Quantity Precipitated. 1 to 100 tng. 

Diverse Ions Studied. Al, Ca, Fe. K, Mg. Na, and Sr. 

(b) Calcium.-®® 

Quantity Precipitated. 50 to 100 nig. 

Diverse Ions Studied. .-M. Fe, K, Mg, and Na. 

(c) Lcnd.-®'^ 

Quantity Precipitated. I to 100 mg. 

Diverse Ions Studietl. .Al. Cu, Fe, Mn, Ni, Zn. and nitrate. 

(d) Strontium.-®® 

Quantity Precipitated. I to 125 mg. 

Diverse Ions Studied. .\1. C"a. Fe, K, .Mg, and Na. 

Hydrolysis of Potassium Methyl Sulfate to Produce Sulfate Ion. 

Reaction. 

K(CH3)S0, -f H,0 CHaOH + K+ -f FU + SO,” 

Element Precipitated. 

Bariuni.i'® 

Quantity Precipitated. Not given. 

Divene Ions Studied, None. 

Destruction of EDTA Complex to Release Cation in the Presence of Sulfate Ion. 
Reaction. 

S-.0,s-" + H,0 -> 2SOr + jO, + 2H+ 

2H+ + M(EDTA)” -> H-AEDTA)” -f M++ 
iM -E SO,“ -> MSO, 

Element Precipitated. 

Barium.202 

Quantity Precipitated. 10 to 200 mg. 

Diverse Ions Studied. Ca, Fe, K, Na, and Sr, 


SULFIDES 

^ydiolysis of Thioamides to Produce Sulfide Ion. 

Ainoacetamide. 




C-. and Kenner, C. T., Anal. Chem., 21, 2016, 1952. 
C. r., private communication. 

'-»iF P- E)-. Anal. Chem.. -22, 1375, 1950. 

, ‘ ■*” “"D C.. Anal. Chem., 25, 502, 1953. 

®)'i. A. H. A., and Schnpak, E.. Anal. Clienu, 26, 12-13, 1954. 
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Reaction. 

GHjGSNHj + H2O -♦ CH3GONH3 + HaS 
Elements Precipitated. 

(a) Antimony.203 

Quantity Precipitated. 5 to 350 mg. 

Diverse Ions Studied. None. 

(b) Arsenic. 20 * 

Quantity Precipitated. 10 to 150 mg. 

Diverse Ions Studied. None. 

(c) Bismuth.*®® 

Quantity Precipitated. 15 to 280 mg. 

Diverse Ions Studied. None. 

(d) Cadmium.*®® 

Quantity Precipitated. 15 to 150 mg. 

Diverse Ions Studied. None. 

(e) Copper. *°^**®® 

Quantity Precipitated. 15 to 300 mg. 

Diverse Ions Studied. Ni, Zn. 

(I) Lead.*** 

Quantity Precipitated. 10 to 250 mg. 

Diverse Ions Studied. None. 

(g) Manganese.*^* 

Quantity Precipitated. 5 to 115 mg. 

Diverse Ions Studied. Ca, Mg. 

(h) Mercury.*** 

Quantity Precipitated. 20 to 450 mg. 

Diverse Ions Studied. None. 

(i) Molybdenum.***'**® 

Quantity Precipitated. 10 to 165 mg. 

Diverse Ions Studied. AI, Ce, Nd, Ti, and W. 

(j) Tin.2n 

Quantity Precipitated. 12 to 180 mg. 

Diverse Ions Studied. None. 

Tbioformamide. 

Reaction. 


HCSNHj + H2O = HCONHj + HzS 

2*3 Flaschka, H , and JakoblJevich. H., Anal. Chiiu. Acta, 4 , 247, 1950. 

20< Flaschka, H., and Jakobljevich, H., Anal. Chini. Acta. 4 , 486, 1950. 

205 Flaschka, H., and Jakobljevicli, H., Anal. Chim. Acta. 4, 351, 1950. 

206 Flaschka, H., and Jakobljevich, H., Anal. Chini. Acta, 4 , 602, 1950. 

207 Flaschka, H., and Jakobljevich, H., ^\nal. Chira. Acta, 4 , 482, 1950. 

208 Krijn, G. C.. Chem. Abstr., 53, 3997f., 1959. 

209 Flaschka, H., and Jakobljevich, H., Anal. Chiin. Acta, 4, 606, 1950. 

210 Flaschka, H.. and Abdine, H., Chemist Analyst, 44, 8. 1855. 

211 Flaschka, H., and Jakobljevich, H., Anal. Chim. Acta, 5, 152, 1951. 

212 Flaschka, H., and Jakobljevich, H., Anal. Chim. Acta, 4, 356, 1950. 

2i3McNeiney, W. N., and >Vagner, W. F., Anal. Chem., 29, 1177, 1957. 
21 * Flaschka, H., and Jakobljevich, H., Anal. Chim. Acta, 5, 60, 1951. 
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Elements Precipitated. 

(a) Autimony.-i^ 

Quantity Precipitated. 10 to 315 mg. 

Diverse Ions Studied. As, Sn. 

(b) Arsenic.-*'*'-^*’’-^' 

Quantity Precipitated. 20 to 350 mg. 

Diverse Ions Studied. Cu, Sb. and Sn. 

(c) Copper.-‘t.-i^« 

Quantity Precipitated. 15 to 200 mg. 

Diverse Ions Studied. As. 

(d) Iridium.-^'* 

Quantity Precipitated. 20 to 60 mg. 

Diverse Ions Studied. Pd. 

(c) Palladium.-***'--® 

Quantity Precipitated. 30 to 250 mg. 

Diverse Ions Studied. Ir. 

({) Piatimim.--* 

Quantity Precipitated. 16 to 100 mg. 

Diverse Ions Studied, None. 

(g) Rhodium.-*® 

Quantity Precipitated. 25 mg. 

Diverse Ions Studied. None. 

(h) Tin.-*’ 

Quantity Precipitated. 15 to 350 mg. 

Diverse Ions Studied. As. Sb. 

Hydrolysis of Trithiocarbonic Add to Produce Sulftdc Ion. 

Reaction. 


Trithiocarbonic acid -f- HjO —* HuS 

Elements Precipitated. 

(a) Antimony.-'-' 

Quantity Precipittiied. 120 to 175 mg. 

Diverse Ions Studied. None. 

(I*) Copper.2-3 

Quantity Precipitated. 15 to 235 mg. 

Diverse Ions Studied. None. 

(e) Iron.'-’-’t.ees 

Quantity Precipitated. 10 to 230 mg. 

Diverse Ions Studied. Al. Ti, and Zn. 


-wr ^’‘'gliardi, F... and Reiscld, K., Z. anal. Clicin., Ml 

oag iardi, and I.oidl, E., /,. anal. Clicin., 132, 3.3. 1931. 
nsr S E-, and Loidl, E.. /.. anal. Chein., 132, 271. 1951. 
'on a**d I-oidl. F... 7.. anal. Chein.. 132, 87. 1951. 

‘***‘1 I'icLscli, R., Monal.sh.. 83, 187, 1952. 
r ''"‘i I’ietsch. R., Monat.sh., 82, 432, 1951. 

,, e-ag iavdi. E.. and Pielsch, R., Monat.sh.. 82, 65G, 1951. 

!• I'-, and Pil/, \V., z. anal. Chein., 13G, 314, 1952. 
=npiiru, • Dil/, W., .Monatsh., 83, 54, 1952. 

“5\l m V 84, 471. 1953. 

““’d. A., and Pilz, w.. Z. anal. Ciieiu., MI, 19. 1953. 
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(d) Manganese.22®'22e 

Quantity Precipitated. 10 to 210 mg. 

Diverse Ions Studied. Ca, Mg, and Zn. 

(e) Molybdenum.22r 

Quantity Precipitated. 50 to 210 mg. 

Diverse Ions Studied. None. 

(I) Zinc.225,2i8 

Quantity Precipitated. 20 to 240 mg. 

Diverse Ions Studied. Fe, Mg, and Mn. 

OTHER METHODS OF PRECIPITATION FROM 
HOMOGENEOUS SOLUTION 

Precipitation o} lodales. 

Hydrolysis of ^-Hydroxyethyl Acetate and Subsequent Reaction with Periodate. 
Reaction. 

HOCHaCHaOOCCHa + H-^O HOCHeCHjOH + CH 3 COOH 
HOCHaCHjOH + lOr 2HCHO + HaO + IO 3 - 
Elements Precipitated. 

(a) Iron.228 

Quantity Precipitated. Not given. 

Diverse Ions Studied. None. 

(b) Thorium.280 

Quantity Precipitated. 1 to 150 mg. 

Diverse Ions Studied. Fe, Mn, rare earths, Sn, Ti, and phosphate. 

(c) Zirconium.230 

Quantity Precipitated. Not given. 

Diverse Ions Studied. None. 

Oxidation of Ce(III) to Ce(IV) in the Presence of Iodate.23i,2S3 
Reaction, 

Ce+» + HjO + SiOg- + 4IOj- -> Ce(lOj), + 280.* + jOi + 2H+ 
Quantity Precipitated. 20 to 80 mg. of cerium. 

Diverse Ions Studied. Er, Gd, La, Nd, Pr, Sc, Sm, and Y. 

Precipitation of Tiwrium Tetrachlorophthalale.^^^ 

Reaction. 

2C6CU(C00H)2 4- Th+^ —* basic thorium tctrachlorophthalatc 
Quantity Precipitated. 1 to JOO mg. of iltoriuin. 

Diverse Ions Studied. Ce, L.i, Nd, Pr, .»iid Y. 

226 Filz, \v., Monatsh., 83, 1291, 1952. 

22 T Gagliardi, E.. and Pilz, W , Z. anal. Cheiii., 136, 103. 1952. 

228 i»iiz, W., Afonaish., 83, 47l, 1952. 

229Ginsburg, L., Ph.D. dissertation. S>racuse Unhersity, 1955. 

2S0 Stine. C. R.. and Gordon, L., Anal. Chem., 25, 1519, 1953. 

231 Willard. H. H., and Yu, S. T., Anal. Chero., 25, 1754, 1953. 

232 Kiraura, K., Natsume. H., and Suzuki. Y., Anal. Abstr.. 5, 2922. 1958. 

233 Gordon. L., Vanselow. C. H., and Willard, H. H.. Anal. Chem., 21, 1323, 1949. 
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Precipitation of IroniHI) Periodate:-^^r-^^ 

Reaction. 

CHaCONHe -j- H-.O -> CH 3 COOH + NH 3 

Fe+''‘ -{- lO i"" + NH 3 — basic ferric periodate 

Quantity Precipitated. 5 to 8.5 of iron. 

Diverse Ions Studied. Al, Y, and Zn. 

Precipitation of Barium Chromate.'-^'^ 

Reaction. 


NH 3 CONH 2 + I-EO 2NPI.-, + CO. 

Ba+- + HCrOr + NH;, -> BaCrOi + NHr 

Quantity Precipitated. 100 ni'^. of barium. 

Diverse Ions Studied. Ca, Sr. 

Precipitation from EDTA Solutions. 

Precijiitation by Replacement Techni([uc. 

Reaction. 

[cation EDT.A complex) + anion cation “B” — »■ 

[cation “B” EDTA complex) + [cation “A” anion precipitate) 

Elements Precipitated. 

(a) Barium (as chromate).-'’* 

Quantity Precipitated. 70 mg. 

Diverse Ions Studied. Ca, Ec, Pb, and Sr. 

(b) Barium (as suirate).-”'’’-^'-' 

(c) Thorium (as oxalate). '-‘‘'‘’■'-"■y 

(d) Yttrium (as oxalate).'--*’*’'-'’^’ 

Precipitation of Calcium Fluoride.'--’'’-'-'” 

Reaction. 

Ca{EDT.‘\)“ -f H.,0 -f ClCH,CPI-.OH -f KF -> 

Cal’’,, -f KCl + HOCH 2 CH 0 OH + H 2 (EDTA)=’ 

Precipitation of Hydrous iMetal Oxides. 

Reaction. 


[metal EDT.\ complex] -f 30% metal oxide precipitate 

Elements Precipitated. 

(.>) Iron.-" 

Quantity Precipitated. 70 mg. 

Diverse Ions Studied. None. 


I-. and Gin.shmg, 1... Anal. Chciu., 29, -IS, 1957. 

,’uig, I,., Milar, K., and Ctordon, I.., .Vnal. Cdicm., 29, IG, 19r>7. 

’ 3 -r , Fivsehing, F. fl.. Anal. Cheni.. 26, 759. 195-1. 

: 3 sv E-. FD' 'Falanta. 2, :}2G, 19.59. 

: 3 a p-° '“[u’^'uation .-ivailablc as to cither (pianiity precipitated or diverse ions studied. 
Dh.D. di.ssertation. Syracuse University, 195-i. 

J-. and Gordon, L., unpublished research. 

-uacNevin, W. M., and Dunton, M. L., Anal, Chcni., 26, 1247. 1954. 
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(b) Thorium.2«2 

Quantity Precipitated. Not given. 

Diverse Ions Studied. Rare eartlis. 

Precipitation of Rare Earth Oxalates.*®***** 

Reaction. 

CooUciR 

rare earth oxalates in hot EDTA solution 

fractionally precipitated rare earth oxalates 

Precipitation of Rare Earth Carbonates by Trichloroacelate Hydrolysis.^^s.^** 
Reaction. 

2M(C2Cl302)3 + 3H.O 3COj + 6CHCI3 + M2(C03)3 

Precipitation of Lead Chromate by Oxidation of Chromium{lII).-*'^ 

Reaction. 

22HaO + 10Pb« + lOCr+3 + 6Bi03~ -> 10PbCiO4 + SBrj + 44H+ 

Quantity Precipitated. 790 to 950 mg. of lead. 

Diverse Ions Studied. Constituents in steel. 

Precipitation of Zirconium /Irsenate by Oxidation of Arienite.-*° 

Reaction. 

2 As 02 - + 4HNO3 + 3 ZrO++ (ZrO)3(AsOi)3 + 4NO2 + 4 H+ 

Quantity Precipitated. 2 to 25 mg. of zirconium. 

Diverse Ions Studied. None. 

Precipitation by Synthesis of Organic Chelate Reagents. 

Azimidobenzeue. 

Reaction. 

dCCtIC 9 o4 

metal ion + NaNOj 4* o-phcnylencdiaminc > metal azimidobenzene chelate 

(a) Copper.**^ 

Quantity Precipitated. Not given. 

Diverse Ions Studied. Cd. 

(b) Silver.**' 

Quantity Precipitated. Not given. 

Diverse Ions Studied. Cd. 

l-Nitroso-2-naphtlioI.2** 

Reaction. 

Co'*'® 4“ 2*NaphthoI 4* NaNOz — ^ cobalt l-Nitroso-2*naphthol chelate 

2*2 Cordon, L., unpublished research. 

24^ Gordon. I.., and Shaver. K. J., Anal, aicin., 25, 78-1. 1953. 

244 Quill, L. L., and Saliilsk), M. L.. J. Am. Cheiu. Soc., 72, 3306, 1950. 

245 Hoffman. W. A., and Urandt, W. W . Anal. Chcia., 28, 1487, 1956. 

246 Gump. J. R.. and Sherwood, G. R.. Anal. Chem., 22, 496. 1950. 

247 Tarasc\ich. N. I., Chem. Abstr.. 50, 7652i, 1956. 

248 Biauner, P. A., and He)n, A. H. A„ private communication. 
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Quantity Precipitated. 10 to 100 mg. of cobalt. 

Diverse Ions Studied. Fe, W. 

Dimethylgly oxime." 

Reaction. 

biacetyl -|- hydroxylamine + Ki+^ nickel dimethylglyoximc chelate 

Quantity Precipitated. 0.5 to 200 mg. of nickel. 

Diverse Ions Studied. Co, Cu, and Fe. 

Furfiu-aldoxime.-®® 

Reaction. 

furfural + hydro.xylamine -f Pd+' — > palladium furfuraldoxime chelate 

Quantity Precipitated. 20 to 70 mg. of palladium. 

Diverse Ions Studied. Au, Cd, Ce, Co, Cr, Cu, Fe, Hg, Mo, Ni, Pt, V, and Zn. 
8-Hydroxyquinoline. 

Reaction. 

metallic ion -f- 8-Acetoxyquinoline H 2 O — > metal 8-Hydroxyquinoline chelate 
Element Precipitated. 

Thorium.25i>2S2 

Quantity Precipitated. 1 to 140 mg. 

Diverse Ions Studied. Ce. 

Note: Aluminum, cadmium, cobalt, copper, iron, lead, magnesium, manganese, 
nickel, uranium, and zinc can also be precipitated with 8-acetoxyquinoline as in- 
dicated by preliminary experiments.^-'’^ 

Precipitation of Metals as Peroxides. 

Reaction. 


metallic ion + urea + FI 2 O 2 > metal pero.xide 

(a) Thorium.23s,253 

(b) Zirconium.-®* 

Quantity Precipitated. 12,000 mg. 

Diverse Ions Studied. None. 

Precipitation of Thorium Selenite.*®* 

Reaction. 


Th+-‘ -f HnSeOs acetamide + HNOs — > Th(SeO;i )2 

Quantity Precipitated. Not given. 

Diverse Ions Studied. Rare earths. 


2*9 Salesin, E. D., and Gordon, L., Talanta, 5, 81, 1960. 

250 Conejero, L. M., Anal. Abstr., 6, 1756. 1959. 

251 Salesin, E. D., and Gordon, L., Talanta, 4, 75, 1960. 

l^akiyaina, K,, Salesin, E. D., and Gordon, L., Talanta 5 iQcn 

253 Gantz. D. E., and Lambert, J. L., J. Phys. Chenu. 6l!’ll9 1957 
-oiJen-Yin, Y.. Kuang-Hua, D., and Feng-Chiao. H., Ghem. Abstr.!' 53, 89.37f., 1959. 
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MASKING 

Ditroduction— Very few analytical reagents, organic or inorganic, are highly se- 
lective ni tlieir action. Thus, many reagents, whidi have otherwise useful prop- 
erties, may have restricted analytical application because they give similar reac- 
tions with many ions. For example, many common precipitants, such as am- 
monium hydroxide, hydrogen sulfide, and fi-hydroxyquinoHnc quantilalively pre- 
cipitate many ions, and may be successfully used analytically only under carefully 
controlled conditions, or for limited separations. 

The attainment of selectivity has long been one of the principal objectives of 
analytical researcli, but this lias proved to be most difficult to adiieve. Consider- 
able success has resulted from the development o! new reagents which are in- 
herently more selective, but freedom from interference is still best obtained by 
use of prior separation, the determination and control of optimum reaction con- 
ditions, and the use of masking reagents. 

Employment of masking reagents affords one of tlic most promising appfoadies 
to die solution of the problem of selectivity, because of the numerous possibilities 
that the tcdinique presents, and because of the simplicity with which it may be 
carried out in practice. Masking is ordinarily more rapid than a preliminary sep- 
aration, and frequently permits a greater accuracy as well. 

A washiig ageut is a substance dial prevents certain reactions by changing an 
element or compound into an iiiacitvc form without physical se]>aration. Thus, if 
the chloride ion is added to a solution for the purpose of preveniing interference 
by die silver ion wdth a determination, the chloride ion is considered a masking 
agent only if die silver chloride precipitate is not removed by filtration or centrifu- 
gation as a preliminary to carrying out Uie determination. 

Many examples of masking can be found in the classical methods of analysis, but 
most modern masking tedniiques are based on the formation of complexes by 
means of complex-forming reagents. Considerable interest has developed in this 
field during recent years because of the availability of a large number of sub- 
stances, largely organic, that are capable of forming with metal ions complexes 
having a wide range of stability. 

In the study of a masking procedure, at least two reactions must be considered. 
These are; (a) the reaction of the substance to be determined with the principal 
reagent; and (b) the reaction of the substance with die masking reagent (or re- 
agents). The reaction of the principal reagent is called the principal reaction. 
This is of significance in masking tediniques when it takes place in the presence 
of one or more masking reagents, or is, in other words, resistant to masking ac- 
150 
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tion.-!55 Obviously, the successful use 'of a masking reagent is possible only with 
the employment of a suitable principal reagent. Thus, the chloride ion (the 
orincipal reagent) cannot be used to precipitate silver chloride in the presence of 
L e-xcess of ammonia, but silver iodide is precipitated under these conditions. 
The principal reaction of the silver ion with the iodide ion is resistant to the 
masking action of ammonia. 

Conditiom Important in Masking Techniques.— The successful use of a mask- 
ing technique in an analytical procedure is dependent upon the proper control 
of a ratlier large number of important conditions. These are; 

1. Proper Selection of a Masking Reagent.— This is illustrated by the fact that 
a precipitate is obtained when sodium phosphate is added to an aluminum salt 
solution containing tartaric acid, but no precipitate forms if citric acid is used. 

2. Proper Selection of a Principal Reagent.— If effective masking is not achieved 
when a given principal reagent is used in conjunction with a masking agent, the 
selection of a different reagent may give good results. Thus, the stability of the 
product of the principal reaction must be considered as well as that of the mask- 
ing reaction. 

3. Proper Control of pH.— This is illustrated by the fact that the barium ion is 
not precipitated as barium sulfate in the presence of EDTA at pH > 7, but is 
precipitated below pH 5. 

4. Combination of More Than One Masking Reagent.- Thus, the gravimetric 
determination of bismuth with dimethylglyoxime in basic solution is possible in 
die presence of EDTA and cyanide, which effectively mask a number of other- 
wise interfering ions. 

5. Quantity of Masking Agent and Principal Reagent To Be Used. 

6. Effect of Oxidation State on Stabilities of Complexes Formed. 

7. Reaction Rate.— The chroraium(III) ion reacts veiy slowly with EDTA at room 
temperature and in an acidic medium, and practically no complex is formed under 
these conditions. When such a solution is heated to boiling, however, a very 
stable chromium complex is formed. 

8. Solvent Used. 

9. Temperature.— Samarium is precipitated as die phosphate from boiling solu- 
tions containing EDTA and tartaric acid, but is not precipitated at room tempera- 
ture when the same complexing agents are used. 

Common Masking Reagents.— A number of the more common masking leagents 
used in analytical chemistry are shown in Table 5-6. Not all of these are used 
for precipitation separations, but those capable of exercising masking action on the 
more common ions are given. 

The masking reagents used to eliminate interference in the precipitation of 
various metals by different principal reagents are shown in Table 5-7. This table 
is by no means complete, but it should pro%'e useful in the solution of specific 
analytical problems, and as a guide to what may be achieved in others. 


JJEMASKING 


IntroductiQn.-Demaskmg is a process in which a masked element or compound 
masked form, and regains its activity to enter into reactions 
h certain other substances. For example, if the zinc ion in a solution is masked 

2B5 Cheng, K. L., Anal. Chem., 33, 783, 1961. 
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Table 5-6. Masking Agents Used for Ions of Various Elements 

Abbreviations used; EDTA — ethylcnediaminctetraacetic acid; APCA = EDTA 
and other aminopolycarboxylic acids, as nitrilotriacetic acid and N,N-dihydroxyethyK 
glycine; BAL = 2, 3 -dimercapto-l -propanol. 

Element 

(or ion) Masking Reagents 


Aluminum 

Ammonium 

Antimony 

Arsenic 

Barium 

Beryllium 

Bismuth 

Boron 

Bromine 

Cadmium 

Calcium 

Cerium 

Chromium 

Cobalt 


Copper 


Cyanide 

Fluoride 

Germanium 

Gold 

Hafnium 

Iridium 

Iron 


Lead 

Magnesium 

Manganese 


Acetate, BAL, citrate, CjO^”, EDTA, F , gluconate, malonate, OH“, 
salicylate, sulfosallcylate, tartrate, triethanolamine, and tiron. 

HCHO 

BAL, citrate, EDTA, 1 “, OH“, S”, Sz", S203“, and tartrate. 

BAL, OH“, and Sj“. 

APCA, citrate, and tartrate. 

F~, tartrate, and sulfosalicylate. 

APCA, BAL, citrate, Cl“, dithizone, I“, NajPaOn, tartrate, tri-. 
ethanolaminc, and thiourea. 

F~ and h>droxy acids. 

Phenol 

APCA, BAL, citrate, CN”, dithizone, I', malonate, SCN”, S2O3" 
and tartrate. 

APCA, citrate, F“, polyphosphate, and tartrate. 

APCA, citrate, F”, tartrate, and tiron. 

Acetate, APCA, ascorbic acid, citrate, F“, (NaOH + H2O2), 
NajPaOu, sulfosalicylate, tartrate, triethanolamine, and tiron. 

APCA, BAL, citrate, CN“, diethyldithiocarbamaie, dimethylgly* 
oxime, ethylenediaminc, F”, H2O2, malonate, NajPaOm NH3, 
N02“, SCN“, $203", and tartrate. 

APCA, BAL, citrate, cobaliicyanide, CN", I~, NaH2p02, NH3, 
N02", S“, SCN“, 8203“, sulibsalicylaic, tartrate, and ihioglycolic 
acid. 

HCHO and Hg+-^. 

AI+++, Be-*-+, FC-H-+, H3BO3, Th^+ Ti*+ and Zr^+. 

CiOr and F". 

Br“, CN“, and 5203". 

See zirconium. 

Citrate, SCN“, tartrate, and thiourea. 

APCA, ascorbic acid, BAL, C204*, citrate, CN“, F“, gluconate, 
malonate, NH3, NH20H'HC1, 8-hydroxyquinoline, 1 , 10 -phen- 
anthroline, POi*", P207*“, S“, SCN“, S2O3”, sulfosalicylate, tar- 
trate, triethanolamine, thioglycolic acid, thiourea, and tiron. 

Acetate, APCA, As(C6H5)4Cl, BAL, citrate, 1 “, NagPsOn, S04“, 
8203“, and tartrate. 

APCA, C204“, F~, glycols, hexametaphosphate, OH“, P^Oy^”, and 
triethanolamine. 

APCA, BAL, citrate, CN~, C204“, F", NasPsOu, oxidants, P207^~, 
sulfosalicylate, tartrate, triethanolamine, and tiron. 
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Element 
(or ion) 

Masking Reagents 

Mercury 

Acetone, APCA, BAL, citrate, Cr, CN", I", SO^, tartrate, and tri- 
ethanolamine. 

Molybdenum 

APCA, ascorbic acid, citrate, C20.i“, I' , H2O2, NasPsOn, NH2- 
OH-HCl, SCN~, tartrate, and tiron. 

Nickel 

APCA, citrate, CN", dimeihylglyoxime, F~, malonate, NasPaOn, 
NHa, SCN", sulfosalicylate, and tartrate. 

Niobium 

C204=", F“, H2O2, OH~, and tartrate. 

Nitrite 

Sulfanilic acid. 

Osmium 

CN“, SCN“, and thiourea. 

Palladium 

APCA, citrate, CN", I", NHa, NOo", SCN", tartrate, and 

triethanolamine. 

Platinum 

APCA, citrate, CN”, 1 “, NH;,, N02“ SCN", 8203“, and tartrate. 

Rare Earths 

EDTA 

Rhodium 

Citrate, tartrate, and thiourea. 

Ruthenium 

Thiourea 

Scandium 

Tartrate 

Selenium 

S“ and SOs”. 

Silver 

Br“ Cl“, CN", I~, NH3, SCN“, and thiourea. 

Strontium 

APCA, citrate, SOa"", and tartrate. 

Sulfide 

S 

Sulfite 

HCHO and Hg++, 

Sulfur 

CN-, S=, S 03 =. 

Tantalum 

Citrate, F“, H2O2, OH~, and tartrate. 

Tellurium 

I- 

Thallium 

APCA, citrate, Cl~, CN"", NPEOH-HCl, tartrate, and triethanol- 
amine. 

Thorium 

APCA, citrate, F~, SO^”, 4 -sulfobcnzenearsonic acid, tartrate, and 
triethanolamine. 

Tin 

B.AL, citrate, C204“, F~, I~, OH~, tartrate, triethanolamine, and 
thioglycolic acid. 

Titanium 

APCA, ascorbic acid, citrate, chromotropic acid, F", gluconate, 
H2O2, NasPaOu, OH~, SO4'", sulfosalicylate, tartrate, triethanol- 
amine, and tiron. 

Tungsten 

F~, H2O2, NaaPaOu, NHaOH-HCl, SCN~, tartrate, and tiron. 

Uranium 

Citrate, COa^, CoO-i", F", HaO*, and tartrate. 

Vanadium 

Ascorbic acid, CN', EDTA, F” H2O2, NHaOH-HCl, triethanol- 
amine, and tiron. 

Zinc 

APCA, BAL, citrate, CN", dithizone, F", glycerol, glycol, NaaPaO,, 
NHa, OH-, SCN-, and tartrate. 

Zirconium 

APCA, citrate, C2O4 , F , HoO-i, P04^—, P207‘*~, S04“, tartrate, and 
triethanolamine. 
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Table 5-7. ^^ASKINC Agents Used in Precipitation Reactions 


Metal Pre- 
cipitated 

Precipitant 

Masking Agent 

Ions Masked 

Reference 

Aluminum 

Cupferron 

EDTA 

Phosphate 

2 


8 -Hydroxyquino- 

line 

EDTA 

Metals in steel 

22 

Antimony 

Rhodamine B 

H 3 PO 4 

Fe(III) 

53 


NaaS 

Tartrate 

Zr 

81 

Arsenic 

Mg++ + NH<- 
OH 

EDTA 

Alkaline earths 

45 


NaaS 

Tartrate j 

Zr 

81 

Barium 

sor 

EDTA 

Al, Bi, Cr, Co, 
Cu, Fe, Hg, 
Pb, Ni 

63 


so- 

EDTA 1 

Sr 

1 

Beryllium 

[Co(NH,),lClj 

EDTA 

Al, Ca, Cd, Co, 
Cu, Fe, Mn, 
Ni, Ti, Zn 

56 


2-H>droxy-l- 

naphtlialde- 

hyde 

EDTA 

Ferrous alloys 

26, 27 


8 -Hydroxyquino- 

linc 

Tartrate 

Al 



NH 4 OH 

EDTA 

Al, Ca, Fe(III), 
Mg, Mn 

13, 61 


NH40H 

EDTA 

Al, Co, Cu, Fe, 
Pb, Mn, Ni, 
Zn 

13, 61 


NH 4 OH 

Tartrate 

Al 



NHiHaPOi 

EDTA 

Al, Ca, FeCIII) 

30 
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Table 5-7. (Continued) 


Melal Pre- 
cipitated 

Precipitant 

Masking Agent 

Ions Masked 

Reference 

Bismuth 

Diethyldithio- 

carbamate 

CN- 

Gu 

32 


Diethyldithio- 

carbamate 

EDTA 

Pb 

32 


Dimethylgly- 

oxime 

EDTA + KCN 

Al, As, Ba, Cd, 
Ca, Co, Cu, 
Pb, Mg, Hg, 
Ni, Pd, Pt, Ag, 
Sr, W, Zn 

33 


NH 4 OPI + Ca++ 

EDTA 

Cd, Cu, Pb 

58, 59 

Calcium 

O.xalate 

1 

i 

1 EDTA 

\ 

Al, As, Be, Bi, 
Cd, Ce, Cr, 
Co, Cu, Fc, 
Hg, Mg, Mn, 
Mo, Ni, Pb, 
PO 4 " Sb, Th, 
U, W, Zn 

60 


Oxalate 

Sodium gluco- 
nate 1 

! 

A!, Fe, Ti 

1 

i i 

86 

Cadmium 

2-(o-PIydroxy- 

phenyl)-benz- 

oxazole 

1 

Tartrate 

Most metals ex- 
cept Co, Cu, 
Ni ' 

85 

Cobalt 

KNO 2 

F~ 

Nb, I'a, Ti(IV) 

31 


KNO 2 

Tartrate 

Most metals 

31 

Copper' 

Alizarin Blue 

Formaldehyde 

CN- 

23 


Electrodeposition 

EDTA 

Bi 

29 


2-(o-Hydroxy- 
phenyl)-benz- , 
oxazole 

EDTA 

Ba, Ca, Co, Cr, 
Fe(III), .,Mg, 
Mn, Ni, Pb, 
Sr, Zn 

14 
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Table 5-7. {Conlmued} 


Metal Pre- 
cipitated 

Precipitant 

Masking Agent 

Ions Masked 

Reference 

Magnesium 

Arsenate 

Citric acid 

AI, Fe 

80 


8-Hydroxyquino- 

line 

Tartrate 

Al, Fe(III) 

88 

Mercury 

Bismuthiol II 

EDTA 

Most metals ex- 
ccplAg, Au(I), 
T1(I), plati- 
num group 

76 


Mercaptobcnzo- 

thiazol 

EDTA 

Bi, Cu 

12 


NajS 

Tartrate 

Zr 

81 

Molybdenum 

[Cr(NH3)fiCllCla 

Tartrate 

AI, Fe, W 

25 


[Cr(NHi)iCllCl! 

EDTA 

Al, Ba, Ca, Co, 
Mg, Mn, Ni, 
V, Zn 

25 


8-Hydroxyquino- 

line 

EDTA 

Al, Bi, Co, Cr, 
Cu, Cd, Fe- 
(III), Hg(II), 
Mn,Ni, Pb, Ti, 
\302+-^,Xn 

62 


8-Hydroxyquino- 

line 

EDTA 

V 

43 

Nickel 

Dimelhylgly- 

oxime 

N,N-D ihydroxy- 
ethylglycinc 

Co, Fc(III) 

15 


Diraethylgly- 

oxime 

Tartrate 

Metals in steel 

46 


Dimethylgly- 

oxime 

Tartrate 
+ S20a“ 

Cu 

18 


a,^-Dioximino- 

butyranilide 

Citrate 

1 

1 

Cr, Fe 

j 

20 
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Table 5-7. {Continued) 


Metal Pre- 
cipitated 

Precipitant 

1 

Masking Agent 

Ions Masked 

Reference 

Nickel 

Q:,|3-Dioximino- 

butyranilide 

Tartrate 

1 

Cr, Fe 

20 

Hepto.xime 

Acetate 

Pb 

84 

Heptoxime 

SCN- 

Cu 

84 

Heptoxime 

Tartrate 

Al, As, Sb, Bi, 
Cr, Fe(III), Ti 

84 

Nioxime 

Tartrate 

Al, Fe, Sb 

24 

Niobium 

N-Benzoyl-N- 

phenylhydrox- 

ylamine 

EDTA 

Most metals 

1 

41 

i 

Cupferron 

EDTA -t- Tar- 
trate 

Most metals ex- 
cept Be, PO i^, 
Ti, U 

39 

HoSeOs 

Tartrate 

Zr 

4 

Palladium 

3-Aminopicolinic 

acid 

EDTA 

Cu 

35 

Bismu thiol II 

CN- 

Ag, TI 

37 

Bismu thiol II 

KI 

Ag, Hg(II), Pb 

38 

Dimelbylgly- 

oxime 

EDTA 

Most metals 

34 

Dimethylgly- 

oxime 

Tartrate 

Bi 

34 

Nioxime 

EDTA 

Fe 

70 

Quinaldic acid 

Nitrilotriacetie 

acid 


34 

Quinolinic acid 

EDTA 

Cu 

36 
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Table 5-7. (Conlinued) 


Metal Pre- 
cipitated 

Precipitant 

Masking Agent 

Ions Masked 

Reference ^ 

Phosphate 

Mg++ 

+ NH4OH 

EDTA 

Al, Fe 

75 

Mg++ 

+ NHiOH 

Tlron 

M(in), M(IV) 

82 

Molybdate 

EDTA 

Ca 

75 

Potassium 

^ Sodium tetra- 
1 phenylboron 

EDTA 

Al, Ba, Ca, Co, 
Cr, Cu, Fc- 
(III), Mg, Mn, 
Ni, Pb, Sb, Ti 

19 

Sodium teira- 
' phenylboron 

F- 

Fe 

72 

Sodium tetra- 
phenylboron 

Formaldehyde 

NH,+ 

10 

Silver 

1,2,3-Benzotri- 

azole 

EDTA 

Bi, Cd, Co, Cu, 
Fe, Ni, Zn 

16. 52 

Bismuthiol 11 

EDTA 

Al, Bi, Cd, Co, 
Cr, Cu, Fe, 
Mn, Ni, Pb, 
Tl, Zn 

44 

Bismuthiol 11 

EDTA 

Most metals 

57 

Cl- 

Citrate 

Pb 

51 

2-Mercapioben- 

zimidazole 

EDTA 

Bi, Cd, Co, Cu, 
Mn, Ni, Pb, 
Th, Zn 

21 

2-Methylben- 

zimidazole 

EDTA 

Bi, Cd, Co, Cu, 
Mg, Mn, Ni, 
Pb, Th, Zn 

21, 50 
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Metal Pre- 
cipitated 

Pi'ecipitant 

Masking Agent 

Ions Masked 

! 

Reference 

Silver 

2-Mercaptoben- 

zimidazole 

Tartrate 

Al, Be, U 

1 

21 

! 


2-Methylben- 

zimidazole 

Tartrate 

Al, Be, U 

21 

Sodium 

Pyroantimonate 

EDTA 

Ca 

47 

Strontium 

SOr 

EDTA 

Ca 

1 

Sulfate 

Ba++ 

EDTA 

Al, Co, Cr, Cu, 
Fe, Ni 

63 


4-chloro-4'- 

aminodiphenyl 

Tartrate 

Al 

8 


4,4'-Diaminoto- 

lane 

1 

Tartrate 

1 

Al 

7 


Octa-ammino-;a- 
amino-^t-nitro- 
dicobalt-III ni- 
trate 

EDTA 

Al, Fe(III) 

6 

Tantalum 

Benzenearsonic 

acid 

EDTA 

Most metals e.\- 
ceptBa, Pb, Sr, 
Ti, Zr 

42 

Tellurium 

NaaS 

Tartrate 

Zr 

1 

81 


SO 2 and 
N2H4-HC1 

Tartaric acid 

Sb 

71 

Thallium 

CrO,r 

Sulfosalicylic acid 

Al, Be, Cr(III) 

89 


KI 

EDTA 

Bi, Cu, Fe(III), 
Pb 

69 

Thorium 

Benzenesulfinic 

acid 

EDTA — ^Ascorbic 
acid 

Fe(III) 

3 
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Table 5-7. {Conttmed) 


Metal Pre- 
cipitated 

Precipitant 

Masking Agent 

Ions Masked 

Reference 

Tlioriuin 

NH,OH— H2O2 

EDTA 

Al, Fc 

73, 74 


m-Phenylenedi- 

oxydiacetic 

acid 

Chromolropic 

acid 

Ti 

54 

Titanium ! 

NH4OH 

EDTA 

Al, Bi, Cd, Cr, 
Cu,Fc(III), 
Mn, Ni, Pb 

<S4, 65 


NHiOH 

EDTA 

Fe(III),Mn,Mo, 

V 

55 

Tungsten 

8*Hydroxyquino- 

line 

EDTA 

Al, Bi, Cd, Co, 
Cr, Cu, Fc- 
(III), Hg(II), 
Mn, Ni, Pb, 
\VO,-,UO!++ 

66, 67 


8-Hydroxyquino- 

line 

EDTA 

Th 

48 

Uranium 

Cupferron 

EDTA 

Al, Bi, Cd, Cr, 
Co, Cu, Fe, 

Mn, MoOi”, 
Ni, Pb, rare 
earths, Th, 

VO3- wo*-, 

Zn 

40 


Cupferron 

Tartaric acid 

Al, Sb, Sn(IV), 
Ta, Zr 

n 


8-Hydroxyquino- 

line 

EDTA 

Al, Bi, Ca, Cd, 
Co, Cu, Fe- 
(III),Hg, Mn, 
MoO*", Ni, 

Pb, P04% rare 
earths, Sr, Th, 
VO3-, W04“ 
Zn, Zr 

77, 78, 79 



MASKING AND DEMASKING 

Table 5-7. {Continued) 


161 


Metal Pre- 
cipitated 

Precipitant 

Masking Agent 

Ions Masked 

Reference 

Uranium 

H.Oo 

EDTA 

Sc 

. .i 

9 


NH^HoPOj 

EDTA 

Al, Ba, Cd, Ce, 
Co, Cr, Cu, Fe, 
Hg, La, Mg, 
Mn,Ni, Pb, Sr, 
Zn 

49, 83 


1 

NH 4 OH 

EDTA 

Most metals ex- 
cept Be and Ti 

68 

Vanadium 

Cupferron 

EDTA 

Cu 

87 

Zinc 

8 -Hydroxyquino- 

line 

Thiourea 

Cu 

28 

1 

Zirconium 

(Hafnium) 

Benzenearsonic 
acid 1 

H 2 O 2 

Ti 

17 


Na2HP04 

EDTA 

Ti 

5 


NH 4 OH 

H 2 O 2 

Nb, Ta 



Numbers in this column refer to the following publications. 

1 — .Akfanas’eva, L. I., Zhur. Anal. Khim., 14, 294, 1959. 

2 — Akhvonen, V. A., Zavodskaya Lab., 23, 295, 1957. 

3 — Alimarin, I. P., and Alikberov, S. S., Zavodskaya Lab., 24, 804, 1958. 

4 — Alimarin, I. P., and Stepanyuk, E. I., Zavodskaya Lab,, 24, 1064, 1958. 

5 — Babko, A. K., and Shtokalo, M. I., Zavodskaya Lab., 24, 674, 1958. 

6 — Belcher, R., and Gibbons, D,, J. Chem. Soc., 1952, 4216. 

7— Belcher, R., Kapel, M., and Nutten, A. J., Anal. Chim. Acta, 8, 122, 146, 1953. 
8~Belcher, R., Nutten, A. J., and Stephen, W. I., J. Chem. Soc., 1953, 1334. 

9— Bergstresser, K. S., U. S. Atomic Energy Comm. Rept. L.AMS-1674, Mav. 1954 

10 — Berkhout, H. W., Chem. VVeekblad, 48, 909, 1952. 

11 — Bieber, B., and Vecera, Z., Chem. Listy, 52, 439, 1958. 

12— Bobtelsky, M., and Jungreis, E., Anal. Chim. Acta, 13, 72, 1955. 

13 — ^Brewer, P. I., Analyst, 77, 539, 1952. 

14— Byrn, E. E., and Robertson, J. H., Anal. Chem., 26, 1605, 1954. 

15— Byrn, E. E., and Robertson, J. H., Anal. Chim. Acta, 12, 34. 1955 

16 — Cheng, K. L., Anal. Chem., 26, 1038, 1954. 

17 — Claassen, A., Rec. trav. chim., 61, 299, 1942, 

18 — Claassen, A., and Bastings, L., Z. anal. Chem., 165, 354. 1959 

19 — Cluley, H. J., Analyst, 80, 354, 1955. 

20 Dave, J. S., and Talati, A. M., J. Indian Chem. Soc., 36, 30^ 1959 
21— Dutta, R, L., J. Indian Chem. Soc., 35, 562, 1958. 
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22 — Elliot, C., and Robinson, J. \V., Anal. Chim. Acta, 13, 235, 1955. 

23 — Fei?l, F., and Caldas, A., Anal. Ciiim. Acta, 8, 339, 1953. 

24— Fcmstein. H. I., Anal. Chcm., 22, 723, 1950. 

25 — Gheorghiu, C., and Radulcscu-Grigoie, E., Rev. Qiim., Bucharest, 11, 415, 1960. 

26 — Gusev, S. I., Kumov, V. I., and Sokolova, E. V., Zhur Anal. Khim., 12, 55, 1957. 

27 — Gusev, S. I., and Sokolova, E. V., Zav'odskaya Lab., 25, 52, 1959. 

28 — Haider, S. Z., and Khundkar, M. H., Analyst, 79, 783, 1954. 

29 — Hayakawa, H., Ishiba^i, M., and Fajinaga, T., Japan Analyst, 4, 610, 1955. 

30 — Hurc, J., Kremer, M., and LiBerquicr, F., Anal. Chim. Acta, 7, 37, 1952. 

31— Kallinan, S., Anal. Chcm., 22, 1519, 1950. 

32 — Kinnunen, J., and Wennerstrand, B., Chemist Analyst, 43, 88, 1956. 

33 — Lott, P. F., and Vitek, R. K., Anal. Chem.,32, 391, 1960. 

34— Lott. P. F., Vitek, R. K., and Qieng, K. L., Anal. Chim. Acta, 19, 323, 1958. 

35 — Majumdar, A. K., and B.>g, S. P., Z. anal. Chcm., 164, 394, 1958. 

36 — Majumdar, A. K., and Bog, S. P., Z. anal. Chcm., 165, 247, 1959. 

37 — Majumdar, A. K., and Cliakrabartty, M. M., Z. anal. Chcm., 155, 1, 1957. 

38 — Majumdar, A. K., and Chowdhuiy, J. B. Itay, Anal. Chim. Acta, 15, 105, 1956. 

39 — Majumdar, A. K., and Cliowdhury, J. B. Ray, /\nal. Chim. Acta, 19, 18, 1958. 

40 — Majumdar, A. K., and Chowdhury, J. B. Ray, Anal. Chim. Acta, 19, 576, 1958. 

41 — Majumdar, A. K., and Mukherjee, A. K., Anal. Chim. Acta, 19, 23, 1958. 

42 — Majumdar, A. K., and Mukherjee, A. K., Naturwisscnschaftcn, 45, 239, 1958. 

43— Malmek, M., Chcm. Listy, 48, 38, 1954; C.A., 48, 5722, 1954. 

44— MaJinek, M., Chcm. Listy, 49, 1400, 1955. 

45 — Malinck, M., and Rehak, B., Chcm. Listy, 49, 765, 1955. 

46 — Melilig, j. P., and Newby, B. J., Chemist Analyst, 41, 28, 1952. 

47 — Me\cl, N., and Vanoverberghe, L., Compt. rend, 27 Congr. Int. Chim. Ind., Indus. 
Chim. Beige, 20, 189, 1955. 

48 — Milner, G. W. C., and Bainctt, G. A., Atomic Energy Research Estab. (Gt. Brit.) 
C/R 1865, 8 pp., 195&; C.A., 50, 13654, 1956. 

49 — Milner, G. W G., and Edwards, J. W., Anal. Chim. Acta, 16, 109, 1957. 

50 — Misra, P. K., and Patnaik, B. K., J. Indian Chcm. .Soc., 35, 519, 1958. 

51 — Mukherjee. A. K., and Dey, A. K., Z. anal. Chcm., 145, 93, 1955. 

52 — Noidling, W. D., Chemist Analyst, 44, 24, 1955. 

53 — Onishi, H., and SandcII, E. B., Anal. Chim. Acta, II, 444, 1954. 

54 — Pande, C. S., and Srtvastava, T. S,, Z. anal. Chem., 167, 332, 1959. 

55 — Pickering, \V. F., Anal. Chim. Acta, 9, 80, 1953. 

56 — Pirtea, T. I., and Constantinescu, V., Z. anal. Chem., 165, 183, 1959. 

57 — Plocck, L., Sklar a Keraraik, 8, 182, 1958. 

58 — Pribil, R., Collection Czcchoslov. Chem. Communs., 18, 783, 1953. 

59 — Pnbil, R., and Cuta, J., Collection Czcchoslov. Chcm. Communs., 16 391, 1951. 

60— Pribil, R., and Fiala, L., Chem. Listy, 46, 331, 1952; aA.,46, 11,032, 1952. 

61 — Pnbil, R., and Kucharsky, 1., Collection Czcchoslov. Chcm. Communs., 15, 132, 
1950. 

62 — Pnbil, R., and Malat, M., Collection Czcchoslov. Chem. Communs., 15, 120, 1950. 

63 — Pnbil, R., and Mancova, D., Chcm. Listy, 46, 542, 1952; C.A.,46, 11,033, 1952. 

64 — Pnbil, R,, and Schneider, P., Collection Czcchoslov. Chem. Communs., 15, 886, 
1950. 

65— Pnbil, R., and Schneider, P., Chem. Listy, 45, 7, 1951 ; C.A., 45, 6534, 1951. 

66 — Pnbil, R., and Scdlar, V., Chcm. Listy, 44, 200, 1950. 

67 — Pnbil, R., and Sediar, V., Collection Gecchoslov. Chem. Communs., 16, 69, 1951. 

68 — Pnbil, R,, and Vorlicek, J., Qicm. Listy, 46, 216, 1952. 

69 — Pnbil, R., and Zabransky, Z., Chem. Listy, 46, 16, 1952. 

70 — Psheniisyn, N, K., and Ivonina, O. M., Zhur. Ncorg. Khim., 2, 121, 1957. 

71— Reed, J. F., Anal. Chem.,32, 662, 1960. 

72 — Rudorff, W., and Zannier, H,, Z. anal. Chcm., 137, 1, 1952. 

73 — Schneider, P., Chcm. Listy, 50, 81, 1956. 

74 — Schneider, P., Collection C^echoslov. Chem. Communs., 21, 1054, 1956. 

75— Schulek, E., and Endroi, A., Magyar Chcm. Foly., 66, 139, i960. 

76 — Sedivec, V., Collection Czcchoslov. Chem. Communs., 16, 398, 1951. 

77 — Sen Sarma, R. N., and MaJik, A. K., Science and Culture (India), 20, 135, 1954. 

78 — Sen Sarma, R. N., and Malik, A. K., Anal. Chim. Acta, 12, 329, 1955. 

79 — Sen Sarma, R. N., and Malik, A. K., Z. anal. Chem., 148, 179, 1955. 

80 — Shakhtakhtinskii, G. B., and Aslanov, G. H., Azerbaidzh. Khim. Zhur., 1959, 4, 101. 
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81 — Srivastava, M. N,, Anal. Chim. Acta, 20, 516, 1959. 

89_Svatek, E., Roubal, Z., and Pribil, R., Collection Czcchoslov. Chcm. Communs., 19, 
674, 1954. 

83 — ^Tillu, M. M., Current Sci., 24, 45, 1955. 

84— Voter, R. C., and Banks, C. V., Anal. Chem., 21, 1320, 1949. 

85 — Walter, J. L., and Freiser, H., Anal. Chcm., 24, 984, 1952. 

86 — Watts, FI. L., Anal. Chcm., 32, 1189, 1960. 

87— Willard, H. FI., Martin, E. L., and Feltham, R., Anal. Chem., 25, 1863, 1953. 

88 — Willson, A. E., Anal. Chem., 23, 754, 1951. 

89 — Zimmer, FI., Z. anal. Chem., 165, 268, 1959. 

by cyanide, the addition of formaldehyde, because of its reaction witli cyanide, 
frees die zinc ion to react with such reagents as EDTA or Eriochrome Black 

Methods Used for Demasking.— Various methods may be used to effect demask- 
ing in analytical procedures. Most important of these are: 

1. Decomposition of the Masking Reagent.— Thus, EDTA may be destroyed by 
using a strong o.xidizing agent, such as permanganate, in an acid medium, or simply 
by digesting with a strong acid. 

2. Rejilacement of the Masked Ion in a Complex by Another Ion ^Vith Which 
the Masking Agent Forms a Stronger Complex.— The reaction of zirconium with 
xylenol orange is masked by fluoride, but the addition of beryllium releases the 
zirconium by forming a more stable fluoride complex. 

3. By Change of pH to Alter the Stability of a Complex.— For example, vanadium 
is not precipitated with cupferron in the presence of EDTA at pH above 1.5, but 
when the pH is reduced to 0.5, precipitation is complete. 

4. By Changing the Oxidation State of the Complexed Ion.— Copper(II) reacts 
with I-(2-pyridylazo)-2-naphtliol (P.AN) in the presence of thiosulfate at a pH > 7, 
but in a slightly acidic medium, copper(I) forms a very stable thiosulfate complex 
that does not give this reaction. 

5. By Volatilization of One of the Components of the Masked System. For e.x- 
ample, fluoride and cyanide can be removed by volatilization in the presence of 
strong acids, and ammonia can be removed by heating. 

Common Demqshing Reagents.— A number of demasking reagents in analytical 
reactions is shown in Table 5-8. 
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Table 5-8. Deuaskinc Reagents 


Complexing 

Agent 

Ion 

Demasked 

Demasking 

Reagent 

Application 

Ammonia 

Ag+ 

Br“ 

Detection of Br. 


Ag+ 

H+ 

Detection of Ag. 


Ag+ 

I"* 

Detection of I and Br. 


Ag+ 

SiO: (amorph.) 

Difi’erentiation of cr>st. and 
amorph. Si02 (-f CrO^). 

Carbonate 

Cu'*"*' 

H+ 

Free Cu++. 

Chloride (cone.) 

Ag+ 

H 2 O 

Precipitation ofAgCl. 

Cyanide 

Ag+ 

H+ 

Precipitation of Ag. 


Cd++ 

H+ 

Free Cd++ 


Cd+^ 

HCHO (OH-) 

Detection of Cd (-f- diphenyl- 
carbazide) in presence of 
Cu. 


Cu-*- 

H+ 

Precipitation of Cu. 


Cu'*’"'' 

HgO 

Determination of Cu. 


DMG 

Pd++ 

Detection of CN~ (-{- Ni++). 


Fe++ 

Hg++ 

Free Fe++ 


Fe’+ 

HgO 

Determination of Fe. 


Hg++ 

Pd++ 

Detection of Pd (+ diphenyl- 
carbazide). 


Ni++ 

HCHO 

Detection of Ni (+ dimethyl- 
glyoxime). 


Ni++ 

HgO 

Determination of Ni. 


Ni++ 

H+ 

Free Ni"*"^. 


Ni++ 

Ag+, Hg++ 

PIj++ 

Detection of Ag, Hg, Pb (+ 
dimcthyJglyoxime). 


Ni++ 

Ag halides 

Detection of Ag halides (+ 
dimethylglyoxime). 


Ni++ 

Ag+ 

Detection and determination 
of Ni (4- dimeihylgly- 
oxime) in presence of Co. 


Pd++ 

HgO 

Determination of Pd. 


Pd++ 

H+ 

Precipitation of Pd. 


Zn++ 

CCljCHO-HzO 

EDTA titration of Zn. 


Zn+-^ 

H+ 

Free Zn+'*'. 

EDTA 

AP+ 

F- 

Titration of Al. 


Ba++ 

H+ 

Precipitation of BaS 04 

{+ sor). 


Co++ 

Ca++ 

React. Co'^'*' with diethyldi- 
thiocarbamate. 


Mg++ 

F- 

Titration of Mg, Mn, and Zn. 


Th^+ 

SO 4 - 

Titration of Th. 
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Table 5-8. (Continued) 


Coraplexing 

Agent 

Ion 

Demaskecl 

Demasking 

Reagent 

Application 

EDTA 

Ti‘+ 

Mg++ 

Precipitation of Ti (-f- NH4- 

Zn 

CN- 

OH). 

Titration of Mg, Mn, and Zn. 


Many ions 

MnO.!" + H+ 

Free ions. 

Ethylenediamine 

Ag+ 

SiOo (amorph.) 

Differentiation of cryst. and 

Fluoride 

AP+ 

OH- 

amorph. SiOa (+ Cr 0 .i~). 
Precipitation of Al(OH)3. 

AP+ 

Be++ 

Precipitation of A 1 (-h oxine). 


Fe3+ 

OH- 

Precipitation of Fe(OH)3. 


Mo, V, 

HaBOa 

Free MoO,,“, VO3-, VVO.,“ 


and VV 
Sn'”^ 

HaBOa 

ions. 
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One of the methods commonly employed for quantitative separations is diat of 
electrolysis. These electrolytic methods can be applied to the quantitative re- 
moval and determination of one or more different metallic ions from solution or 
may be used, with carefully controlled conditions, to elTeci a separation of ions 
of one metal from those of several oUier metals. 

Before discussing electrolytic methods, it is essential to recall certain funda- 
mental laws and facts related to electrolysis. The coulomb is the quantity of elec- 
tricity that will cause the deposition or removal of 0.001118 g. of silver at an 
electrode. An ampere, the unit of current, is 1 coulomb per second. The ohm 
is the unit of resistance; a column of mercury 106.3 cm. long at 0*C. weighing 
H.4521 g. and of uniform cross-section has a resistance of 1 ohm. The volt or 
unit of electromotive force (emf) causes a current of 1 ampere to flow through a 
resistance of 1 ohm. The volt-coulomb or joule is the unit of electrical energy, 
and the volt-ampere or wait is the unit of electrical power. 

Ohm’s Law gives the relation between current, resistance and electromotive force. 

_ electromotive force , E 

Current = : or / = — • 

resistance R 

where I is in amperes, E in volts, and R in ohms. 

The jaraday, 96,493 coulombs, is the amount of electricity equivalent to Avo- 
gadro's number of electrons transferred in either an oxidation or a reduction 
process. Because this quantity of electrons must be removed to oxidize a gram 
equivalent of any substance and the same number of electrons must be taken to 
reduce a gram equivalent, a jaraday is that quantity of electricity used in trans- 
forming a gram equivalent of any substance at an electrode. 

The two laws of electrolysis, usually referred to as Faraday’s Laws, can be stated 
as follows: 

1. The quantity of a given substance that is liberated at an electrode is propor- 
tional to the quantity of electricity that is passed through tlie system. 

2. The amounts of different substances that are deposited by the same quantity 
of electricity are proportional to the cliemical equivalent weiglits of these sub- 
stances. These statements would appear to be self-evident, but they are true only 
if the current efficiency does not vary and is 100% for the substance being meas- 
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ured. For example, if a faraclay of electricity is passed through each of three solu- 
tions containing copper(II), silver(l), and zinc(II), respectively, the amounts of 
metals deposited on the cathodes will be 63.54/2 g. of copper, 107.88 g. of silver, 
and 65.38/2 g. of zinc if 100% current efficiency is achieved in each case. Like- 
wise, if only 0.100 faraday of electricity were passed through each of these solu- 
tions, only 0.100 as much of each of these metals would be deposited. 

CURRENT EFFICIENCY 

Two or more electrochemical processes may occur simultaneously at an elec- 
trode. If the efficiency of one of these processes is to be determined, it is neces- 
sary to know the ratio of the number of coulombs required for this particular 
process as compared with the total number of coulombs that were passed through 
the solution. 

Many electrolytic separations can be performed without any concern for or 
knowledge of the operating current efficiency. For example, in the separation of 
copper from an aqueous nitric acid solution of copper ions, the reduction of 
both copper and nitrate ions may occur at the cathode. Since the total amount 
of current required for the deposition of copper is not usually measured, the cur- 
rent efficiency for this process is relatively unimportant. 

On the other hand, if an electrolytic separation or determination is made which 
depends on measuring the current passed through the solution for a given length 
of time, it is necessary to know accurately the efficiency of this process. Usually 
in such procedures, only one electrochemietd reaction occurs at tlie electrode, and 
experimental conditions are so maintained that virtually one hundred per cent 
current efficiency is achieved. 

Rate of stirring of the electrolyte, concentration of clectrochemically active ma- 
terial, temperature, composition of the electrode, and current density are some of 
the factors diat are important in controlling current efficiency. Current density 
is defined as the current in amperes per square centimeter of electrode surface. As 
the current density increases, the number of electrons passing tlirough a unit area 
of the electrode surface increases, and the probability that only one electrochem- 
ical process can give or take this quantity of electrons decreases. For this reason, 
a second process may occur at the electrode, and the current efficiency for the 
first process decreases. 


THEORY OF ELECTROLYSIS 
ELECTRODE POTENTIALS 

If any chemical element that is a conductor of electricity is placed in contact 
with a solution containing its orvn ions, a potential difference develops at the in-, 
terface between the electrode and solution. The magnitude and sign or direction 
of tills potential depend upon the relative tendency of the atoms of the element 
to give off or accept electrons to form ions of the element. Depending on the 
nature of die element and the concentration of its ions in solution, the potential 
of the electrode may be positive, zero, or negative relative to the solution. 

If a piece of copper metal is immersed in a dilute solution of cupric sulfate, 
le copper metal will become positively charged; if a piece of zinc is immerseci 
n a dilute solution of zinc sulfate, the zinc metal will become negatively charged. 

ihere are two major factors that determine the electrode potential relative to 
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another electrode. First is the activity of tlie electrolytic solution pressure of the 
element, which is the tendency of tlie element to furnish ions. At a given tem- 
perature and pressure this is a diaractcristic constant for a stable form of an ele- 
ment but varies if the electrode is strained mechanically or if a metastable crystal- 
line form of the metal is present. Second is the activity of the dissolved ions of 
the element, which in turn varies with the concentration at constant temperature. 
A table of standard potentials at 25*C. tliat apply to the condition of unit activity 
(approximately 1 molar) of the ions and one atmosphere pressure for gases is given 
in Table 6-1. These standard potentials are the potentials that the element or elec- 
trode de\elop with regard to the solution and are designated as 
etc. Because it is impossible to measure the potential of a single electiode in 
contact with a solution, these standard values arc relative, and the standard hydro- 
gen ion-hydrogen electrode is arbitrarily taken as the standard of reference. Be- 
cause standard potentials vary with temperature, the temperature at which the 
potential is measured should he specified. 

The potentials shown in Table 6-1 are standard reduction potentials and all 
reactions are written as reductions. For oxidations, which is the same as consid- 
ering the reactions in Table 6-1 written in the opposite direction, the magnitude 


Table 6-1. Standard Reduction Potentials at 25®C, 


Electrode Reaction 

volt 

Li+ + e- Li 

-3.045 

K+ + e- K 

-2.925 

Ca++ + 2e- Ca 

-2.87 

Na+ + e- ^ Na 

-2.714 

Zn++ + 2e- -» Zn 

-0.763 

Fe++- + 2e- Fe 

-0.440 

Cd++ + 2e- -* Cd 

-0.403 

Co++ + 2e- Co 

-0.277 

Ni++ + 2e- -» Ni 

-0.250 

Sn++ + 2e- Sn 

-0.136 

Pb++ + 2e- -» Pb 

-0.126 

2H+ + 2e- H2 

0.000 

BiO+ + 2H+ + 3e- ^ Bi + HjO 

+0.32 

Cu++ + 2e- ^ Cu 

+0.337 

L” 4* Ze" — * 3I~ 

+0.536 

Hg2++ + 2e- ^ 2Hg 

+0.789 

Ag+ + e- -> Ag 

+0.7991 

Br, + 2c- 2Br- 

+1.065 

0, + 4H+ + 4e- -» 2HJO 

+1.229 

CI2 + 2e- -> 2C1- 

+1.360 

PbOj + HSO,- + 3H+ + 2e- PbSO, + 2H2O 

+1.685 


of the potential will remain the same but the sign will be opposite. Thus, the 
standard potential for the reaction Zii++ 4 . 2e- Zn is -0.763 volt but die 
standard potential for the oxidation of Zn (Zn-* Zn++ 4-2e-) is +0,763 volt. 

VOLTAIC AND ELECTROLYTIC CELLS 

A voltaic cell consists of two electrodes and one or more solutions and is capable 
of spontaneously converting chemical energy more or less completely into elec- 
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trical energy and supplying this energy to an external source. In these cells, a 
chemical reaction involving an oxidation at one electrode and a reduction at the 
other electrode occurs. The electrons evolved in the oxidation step are trans- 
ferred at the electrode surface, pass through the external circuit and back to the 
electrode where reduction takes place. Wlien one of the chemical components 
diat is responsible for these reactions is depleted, the cell is no longer capable of 
supplying electrical energy to an external source and the cell is “dead.” 

If electrical energy is supplied from aji external source, the cell through which 
it flows is called an cleclrolytic cell. A given cell may function at one time as 
a voltaic cell and at another as an electrolytic cell. The lead storage battery is 
die most familiar example of this phenomenon. When the cell is used to furnish 
current to an external source, acting as a voltaic cell, the following reaction pro- 
ceeds from left to right: 

PbOi + 2H+ + 2HS0.1- + Pb 2PbSO.i 2H..O. 


The lead electrode gives off electrons and the lead dioxide electrode accepts the 
electrons. This reaction can be reversed during the charging process, when electrical 
energy is supplied from an external source, and under these conditions, the cell is 
functioning as an electrolytic cell. It should be realized that the electrical energy 
needed to charge a lead storage battery must be greater than that supplied by the 
battery when it is acting as a voltaic cell and, furthermore, this electrical energy 
must be applied in the direction opposite to that given oil by the voltaic cell. 

In any electrolysis, a voltaic cell is built up from the products of the electrolytic 
cell which accumulate at the electrodes. If the external current is turned off, the 
products tend to produce current in the opposite direction. Thus, the voltage 
necessary to cause electrolysis must exceed the voltage produced by the voltaic 
cell and must also overcome the IR crop (the resistance of the solution to the 
passage of current) as well as any irreversible phenomena (e.g., overvoltage) that 
may occur at the electrode surfaces. 

In order to determine what voltage must be supplied to a cell to cause electrol- 
ysis, it is necessary to know first what reactions will occur at the two electrodes. 
If these reactions are known, it is possible to calculate the potential of each elec- 
trode and thereby determine the emf of the voltaic cell which exerts its potetitial 
in opposition to the applied voltage. For example, in the electrolysis of 0.100 M 
CuSO^ in 1 iV HoSOj with platinum electrodes, the reaction at the cathode will 
be Cu+4- 9e- _> Cu, and at the anode, 2H20-> + 4H+ -f 4e-. The back 

<^w/, or the eitif of the voltaic cell which opposes the applied voltage of the elec- 
trolysis, xvill be developed luheii the two reactions occurring at the electrodes in 
the electrolysis are proceeding in opposite directions. 

The potential, E, of any electrode is given by the generalized form of the Nernst 
equation 


RT* 

E = E«-{-^ln 
nF 


Uqx 

URnl 


tmere Eo is the standard electrode potential (see Table 6-1), R is the molar oas 
constant (8.316 volt-coulombs per degree), T is the absolute temperature, n is die 
nimber of electrons transferred in the electrode reaction, F is the Faraday (96,493 
““ "ox •'‘"cl are the activities of the oxidized and reduced forms, 

pectively, of the electrode reaction. If concentrations are substituted for activi- 
. common logarithms for natural logarithms, and numerical values substituted 
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for die constants, assuming 
comes 


die temperature to be 25'’C., the Nernst equation be* 


E 


= E® + 


.059 , [ox] 

"7r‘°SiR5i' 


Using this equation to calculate the potential of tlie Cu electrode, where the 
reaction is Cu++ + 2e— -* Cu, we see Uiat 


E = 0.337 -f 


.059 , [Cu++] 


[Cu] represents the concentration of die reduced form of diis electrode reaction 
and [Cu++] the concentration of the oxidized form. Because [Cu] is die concen- 
tration of copper in the metal, or die mole fraction of copper, the denominator 
of the log term is unity. Thus, the jiotcntial of a copper electrode can be calcu- 
lated very simply if we know the coiicentraiion of the copper ions in which the 
copper electrode is immersed: E = 0.337 + 0.0295 log [Cu++]. It is obvious diat 
the potential of a Cu electrode equals 0.337 volt or the value when the con- 
centration of die copper ions is unity. In die example chosen above, [Cu++] sa 0.1 
and the potential of the copper electrode is E = 0.337 -f .0295 log 0.1 = 0.308 volt. 
However, in the voltaic cell which is established in this electrolysis cell, die reaction 
at the copper electrode is an oxidation. The sign of this calculated potential, 
therefore, must be reversed and becomes —0.308 \olt. 

For the other electrode where oxygon is evolved, 


1.229 + :^ log 


|0.11H^]< 
IHjO)* ■ 


This expression can be simplified by realizing that [O^] is the same as the pressure 
of Oj gas, whidi is virtually 1 atmosphere,* and that the concentration of HgO is 
essentially constant Tlieii, E= 1.229 + .059 log [H+] or £= 1.229 - .059” pH. 
In 1 N HgSO^, the [H+] = I and the pH = 0 and the potential of dtis electrode 
is 1.229 volt. At this electrode, the voluiic cell would require oxygen to be re- 
duced and die sign of die calculated poiendal does not cliange. 

Tile emf of any cell is mereiy the algebraic sum of die potentials of die two 
electrodes composing die cell, provided the signs of diese two potentials are ad- 
justed to take into account diat one reaction is an oxidation and die other is a 
reduction. Thus, the cnif of die voltaic cell, or the back emf established when 
0.100 M copper sulfate is electrolyzed, is the sum of +1.229 volt and —0.308 volt 
or +0.921 volt. 

As the electrolysis of die copper sulfate proceeds, the concentration of the copper 
ions in solution decreases and the concentration of the hydrogen ions increases. 
This means that the potential of both electrodes is continuously changing during 
the electrolysis: the potential of the copper electrode becomes more negative and 
that of the oxygen electrode more positive. The net result of this effect is that 
the magnitude of the back emf increases constantly as the electrolysis proceeds and, 
consequently, an increasingly larger voltage must be applied to keep the electrol- 
ysis operating. 


• Actually, oxygcu is being ecohed at the electrode against a partial pressure of oxygen 
in the atmosphere; therefore, for accurate calculations of the potential of the oxygen 
electrode, [O2] cannot be taken as unity. 
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Overoolltige and IR Drop.— The voltage applied to a cell in order to cause any 
electrolysis nuist be sufRcicnt to overcome the sum of any overvoltage effects, IR 
drop, aiirf back emf, all of which operate to prevent electrolysis from occurring. 

Overvoltage is the potential over and above the potential calculated by the 
Nernst ccpiation from standard electrode potentials needed to maintain a certain 
deposition at an electrode. For example, in the previous illustration with copper 
sulfate, the potential calculated for the oxygen electrode was 1.23 volt. The po- 
lential actually required to deposit oxygen at the platinum anode in this case 
may be 2.00 volt. Thus, the overvoltage would be 2.00 - 1.23 or 0.77 volt. 

Both anodic and cathodic proce.sses exhibit overvoltage. If an anodic process 



Fic. 6-1. Cuneiu as a Function of Voltage .Applied in an Electrolysis Cell. 

Virtually no current liows until a voltage is applied in exce.ss of the decomposition 
potential. If the IR drop and the decomposition potential for the process designated 
by “1” is equal or grctiter than tlie tlecomposition potential for “2,” the second electro- 
lytic process will occur simultaneously with the First. 


shows an overvoltage effect, the applied potential necessary to cause electrolysis 
will always be a more positive value than the calculated potential. For cathodic 
processes, overvoltage causes the airplied potentitil to be more negative than the 
calculated value. 


Deposition of metals from metallic ion solutions generally show small overvolt- 
age effects of 0.1 volt or less, wliereas the evolution of gases at an electrode is 
usually associated with an overvoltage about ten times as large. In addition to 
this variable, overvoltage depends on the chemical composition of the electrode, 
the condition (rough or smooth, bright or platinized) of the electrode, temperature, 
and current density. (M. Knobel, P. Caplan, and M. Eiseman, in Trans. Am. 
Electrochem. Soc., 43, 55, 1923, give values of the overvoltage for the deposition 
of several gases on a variety of electrodes and over a wide range of current 
densities.) 


Although overvoltage phenomena complicate the calculation of the voltage nec- 
essaiy for electrolysis to occur, its eflect makes feasible certain separations that 
)\ould not be expected from standard electrode potentials. For example, Table 6-1 
•ndirates that the deposition of hydrogen should require much less negative po- 
ential than is required for the deposition of cadmium or zinc and, therefore, that 
e discharge of hydrogen should prevent the deposition of cadmium or zinc.* Ac- 
a ly, bodi of these metals can be separated from aqueous solution because the 
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overvoltage of hydrogen causes the potential at which hydrogen is really depos- 
ited to be more negative than that of cadmium and, if the pH of the solution is 
adjusted, of zinc. By using a mercury cathode, on which the oveiA’oltagc of hy- 
drogen is particularly high, it is possible to remove elcctrolytically even alkali and 
alkaline earth metals from aqueous solution. 

The IR drop is merely the product of die current passing through the cell and 
tiic resistance of tlie cell. Obviously, the IR drop 
will be very small when small currents are flowing 
but becomes very significant for large currents. In 
Fig. 6*1, the relation of IR drop to applied voltage 
in electrolysis is shown. In most electrolytic separa- 
tions from aqueous solution, the resistance of the cell 
is small (less than 5 ohms) and the IR drop is usually 
considered to be small. However, if only 0.2 ampere 
is flowing, the IR drop is 1 volt with a 5 ohm resist- 
ance, and the applied voltage may have exceeded the 
decomposition potential of another cell that could 
occur in the same solution. This effect often leads to 
very poor current cfBciencies and to contaminated 
deposits. 

EQUIPMENT FOR ELECTROLYTIC 
SEPARATIONS 

in order to make simple electrolytic separations, it 
is accessary to have a source of direct current, an 
adjustable resistance, a cell for electrolysis, including 
the electrodes and usually some means for stirring the 
solution. If the current or applied voltage is to be 
controlled, an appropriate ammeter and voltmeter 
are needed. The direct current is most conveniently 
supplied from storage batteries because they give a 
steady voltage. However, a small motor generator or 
a rectifier unit may be operated from alternating cur- 
rent to supply tlte direct current. If the separation 
is to be done with a controlled electrode potential, a potentioslat is usually used 
to maintain this desired potential and to supply the necessary current. Many of 
the potentiostats that have been described in the literature and are commercially 
available are explained in Lingane’s monograph on Electroanalytical Chemistry.^ 
The electrolysis cell is frequently a beaker— preferably a tall-foim. For some 
electrolytic separations where a mercury electrode is used, a special cell similar 
to that shown in Fig. G-2 is used. In some cases, a platinum container or dish 
may serve as the electrolysis cell and simultaneously as one electrode. For solu- 
tions containing hydrofluoric acid, polyethylene beakers should be used. Gener- 
ally, the electrolysis cell is covered with a split wTitcIr glass to exclude dirt and to 
minimize loss of solution through spray during the actual electrolysis. 

The electrodes are usually either platinum or mercury. Many separations can 

1 Lingane, J. J., Electroanah tical Chemistrv, 2nd Ed., Interscience Publishers, Inc., New 
York. 1958. 
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be performed using a platinum gau/e cathode and a platinum foil anode. When 
mercury is used as the cathode, a platinum foil or spiral is used as the anode. 
There are some separations which recjuire silver electrodes. If the potential of 
either electrode is to be controlled during the electrolytic separation, it is essen- 
tial to have a reference electrode of known potential. This electrode, which is 
frequently a saturated calomel electrode (E = 0.2-16 volt), should be equipped with 
a capillary tube to permit close contact with the solution and the operating elec- 
trode and to minimize dilfusion of solution either into or out of the reference 
electrode. If stirring of the solution is necessary, this can be accomplished by a 
simple motor stirrer and a ghiss propeller, by a magnetic stirrer, or with a rotating 
electrode. This last method is very commonly used where commercially available 
equipment for electrodeposition is employed. 

FACTORS .AFFECITNG SEPARATIONS 

Electrolytic separations are usually made for one of two reasons: Either the 
analyst wishes to remove an element or a group of elements which will interfere 
in a subsequent determination, or the .separation is being made prior to the de- 
termination of the element separated. In the latter case, it is important to make 
the separation under conditions which insure that the deposit is pure, adherent 
to the electrode, and cpiantitative. This reejuires careful consideration of the 
factors that influence the nature of the deposit; the most important of these are 
the current density, the chemical nature of the ion in solution {i.e., complexed 
as Ag(CN).j- or Ni(NH.,).,-H -E or as a simple hydrated ion), the rate of stirring, 
the temperature, and the presence of depolarizers which minimize the evolution 
of gases. Where the separation is made solely for removing interferences, the 
control of these experimental conditions may I)e less important, but is still highly 
significant in minimizing the time required to complete the separation.- The 
time re(|uired for electrodeposition onto solid electrodes can be greatly decreased 
if the electrode is vibrated vigorously.-* 

The optimum conditions for achieving the best deposit of a metal vary from 
one metal to another. For exanqjle, a pure, bright, and adherent deposit of 
copper can be obtained when electrolyzing a nitric acid solution of cupric ions. 
If a suitable deposit of Ag is to be obtained, the electrolysis must be carried out 
from a solution in w'hich the silver ions arc complexed as Ag(CN)o~. Similarly, 
the best deposits of iron are obtained from an oxalate complex and those of 
nickel from an ammonia complex. 

After the electrolysis is complete, the deposited mctal(s) must be removed from 
the solution without contaminating the solution if further analyses are to be made 
on the solution, and without loss of the deposited metal if this deposit is to be 
analyzed. If tire deposit has been made on a platinum electrode and is to be 
weighed, the electrode must be tvashed thoroughly as it is removed from the solu- 
tion. Furthermore, because of the voltaic cell which is jarcsent and tvhich would 
cause dissolution of the deposited metal if the applied voltage were interrupted, 
the electrode should be washed without breaking the electric circuit. This is best 
done by lowering slowly the electrolysis cell from the electrodes while washing the 

H Chemistry oC the .Manhattan Project, Vol. I, Chap. 23, McGraw- 

nm, 1950. This chapter gives a good account of the factors that inlluence the electro- 
reparation of impurities from uranium. 

fiSQ Intern. Cong. Pure and zVppl. Chem. (Anal. Chem.), Vol. I 

ooJ-boS, Lisbon, 1956. ’ 
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electrodes witlt a stream of water from a wash bottle. The electrodes are then 
usually rinsed with alcohol or acetone, which retards the air oxidation of the wet 
deposit, prior to drying them at an eles'ated temperature. The common practice 
for tire determination consists in weighing the electrode before and after deposi- 
tion to obtain the weight of die deposit If tliere is any possibility that some of 
the platinum has been lost during the electrolysis, the deposit can be weighed, 
dissolved, and then die electrode alone weighed. 

If the deposit has been made into a mercury electrode, the electrolysis solution 
is removed from the mercury by siphoning, or the mercury is drained from the 
electrolysis cell. The mercury is dten washed with alcohol and diethyl edier and 
air-dried prior to weighing. Aliemativcly, the mercury, after being removed from 
the electrolysis cell, can be distilled, and the metallic residue can then be ana- 
lyzed by other methods.* 

If the electrolysis is performed to remove interferences prior to subsequent 
determinations, the same general precautions as mentioned before must be ob- 
served in removing the electrodes from the solution. It is necessary in these cases 
to prevent any loss or contamination of the electrolysis solution. 

SEPARATIONS WITHOUT REGULATION OF ELECTRODE 
POTENTIALS 

When a direct current is passed tluough a solution containing two platinum 
electrodes, first the electrochemical process with the most positive reduction po* 
tential will occur at the cathode, then the next most positive process will occur 
there, etc. If, for example, a solution containing cupric, hydrogen, zinc, and bi- 
sulfate ions is electrolyzed, first copper will be tieposiied at the cathode. As this 
metal deposits, the concentration of cupric ions in solution decreases and, accord* 
ing to the Nernst equation, the potential at which the copper deposits become 
more negative. When the potential of the cathode is reduced to the value re- 
quired for the reduction of hydrogen ions, hydrogen gas will form at the cath- 
ode. If oxygen is being evolved at the anode during this electrolysis, tlie 
hydrogen-ion concentration remains virtually constant in solution during the 
electrodeposithn of Jiydrogcn ions because the amount of Ityxlrogen ions made at 
the anode is equal to that consumed at die cailiodc. Thus, tlie potential of the 
cadiode does not cliaiige appreciably so long as hydrogen is evolved, which is usu- 
ally until all the water is electrolyzed. Therefore, tlie potential of tlie cathode 
cannot become sufficiently negative to allow the deposition of the zinc ions. It 
should be evident, ilien, tliat metallic ions witli a positive reduction potential 
may be separated, without external control of the cathode potential, from metallic 
ions having negative reduction potentials. Reference to standard reduction po- 
tentials as shown in Table 6-1 is not sufficient to decide what separations are pos- 
sible by this tedinique. It must be remembered that die hydrogen overvoltage 
causes die reduction of hydrogen ions to occur at potentials more negative diaii 
diose calculated by the Nernst equation from standard potentials. In order to 
separate two metals by this technique, the hydrogen overv'oltage on die cathode 
plus the reversible reduction potential of die hydrogen ions must be less than 
the negative reduction potential of any of die metallic ions that are to remain 

* Furman, N. H., Bricker, C. E.. and McDuffie, B.. J. Wash. Acad. Sci., 38, 159, 1948. 
Schmidt, W. £., and Bricker, C. E.. J. Electrocheiu. Soc., 102, <523, 1955. 
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in solution. For example, copper ions in a solution 1 M in hydrogen ions may 
be separated only from those metallic ions whose reduction potentials are more 
negative than about —0.8 volt even though the reversible reduction potential of 
hydrogen is 0.0 volt in this medium. This is, of course, due to the fact that the 
overvoltage of hydrogen on copper at a certain current density is about 0.8 volt. 

In addition to separating metals whose reduction potentials are on different 
sides of the hydrogen electrode, it is possible to separate several metals on the 
anode. Under suitable conditions, PbO.j,, MnO^, and TLO^ can be deposited at 
die anode and thereby separated from nearly all other metallic ions. 

Some sepaiations without controlled cathode potential are possible only if the 
metallic ions are complexed or if the pH of the solution is controlled. Copper and 
lead are readily deposited from nitric-sulfuric acid solutions: the copper at the 
cadiode, and the lead as PbO^ at the anode. Under these conditions, nickel, man- 
ganese, and zinc are not deposited, ff tin is complexed as the fluoride, copper 
and lead may be elcctrodeposited without potential control and without deposit- 
ing tin. Copper may be separated from large amounts of iron if ethylenediamine- 
tetuiacetic acid sufiicient to complex the iron is added. Complexing the metallic 
ions may even reverse the order of the deposition of the metals. For example, 
copper = -j-0.31 v.) is deposited in acid solution prior to cadmium (E = — O.-lU 
V.), but in cyanide media, the tetracyanocadmiate ions are reduced at more 
positive potentials than the tricyanocuprite ions. 

MERCURY CATHODE 

Many metallic ions that cannot be electrolyzed on a platinum or other solid 
metal electrode can be deposited into a mercury cathode. This is due to the high 
overvoltage of hydrogen on a mercury surface and also to the fact that metallic 
ions are deposited on mercury at more positive potentials. To illustrate this 
latter effect, consider the potential recpiired for the deposition of zinc ions on a 
zinc cathode and on a mercury cathode. 

On a zinc electrode, 

..... .. n . -059, [Zn++] 

Ezi, electrode = Ez.,“ + -g— log ■ . - — 

2 [Zn] 

•■^s stated before [Zn] = 1 and Ej,„ electrode = -f .0295 log [Zn + -f]. 

For a mercury cathode, 

r M a r n 1 -^59, [Zn++] 

E„, cathode = Ez," -f -y- log 

If the concentration of the zinc in the amalgam [t.c., Zn(Hg)] be maintained at 
less than 10-3 j\[^ equation would become, at this concentration, 

T. . .. n , -059. lZn++] 

Eng cathode = Ezn" + — log ■ yig - 

Eug cathode = Ez„° + 3(0.0295) + .0295 log [Zn++]. 

In other words, by keeping the concentration of zinc in the amalgam low, the 
zinc ions will plate out at a potential equal to 3(0.0295) volt more positive with 
n mercury cathode than with a massive zinc cathode. 

These effects on a mercury cathode permit even the deposition of alkali and 
*1 aline earth metals from neutral or alkaline solution. However, the most im- 
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portant separations using a mercury cathode are made from acidic solutions (about 
0.3 N sulfuric acid) where it is possible to deposit quantitatively Cr, Fe, Co, Ni, 
Cu. Zn, Ga, Ge, Mo, Rh, Pd, Ag, Cd, In, Sn, Re, Ir, Pt, Au, Hg, Tl, Bi, and Po 
into the mercury. In addition. Os. Pb, Se, Tc, and As are completely removed 
from solution during the electrolysis even though they may not be entirely in the 
mercury. Osmium may be vohtilizcti as die tetroxide at tJjc anode; some lead 
may plate as PbO^ on the anode; selenium and tellurium are reduced to the metal 
but stay suspended in the solution, arsenic nuy be reduced to arsine and escape. 
A few elements, Mn, Ru. and Sb, are incompletely removed from solution by 
this type of electrolysis. 

A mercury catliode electrolysis is often used to remove numerous interfering 
elements from solution prior to the estimation of elements such as aluminum, 
uranium, vanadium, the alkaline earths, and the alkalis. A cell similar to that 
shown in Fig. G-2 can be used for this procedure. 


SEPARATIONS WITH CONTROLLED ELECTRODE 
POTENTIALS 

In the previous section, it was stated tliat metals whose potentials were on dif- 
ferent sides of the hydrogen ion-hydrogen electrode could be separated electro- 
lytically. No reference was made to separating, for example, silver and copper 
or lead and cadmium Separations of two or more dilTcrent metallic ions can be 
made even though tlicir reduction potentials are on the same side of hydrogen if 
provision is made to control the cathode potential so that only the ions reduced 
at the most electropositi%e potential are deposited. For these conditions, an as- 
sembly similar to that shown in Fig. 6-3 is necessary. 

The potential of the electrode is determined by measuring the emf of tlte cell 
established by the electrode and a reference electrode. If the emf of the cell and 
the potential of the reference electrode are known, tlie potential of the operating 
electrode can be calculated. It is necessary, then, to control the potential of tlie 
electrode so that it neser becomes sulHcieiitly negative to allow the deposition 
of the next element. This control of the electrode is achieved by adjusting Uve 
voltage applied to the electrolysis cell, which can be done either manually with a 
battery and a variable resistor or electionically with a potentiostat. 

Consider, for example, a solution which is 1 M in each of Uie ions silver, cop- 
per, cadmium, zinc, and hydrogen. A diagram of the course of the electrolysis 
of this solution using platinum electrodes is shown in Fig. 6-4- If oxygen is 
evolved at the anode, the potential at wliidi this oxidation will occur will be the 
^osj-gen” 6ie overvoltage or about 1.8 \olL This potential of tlie anode, which 
is shown as a horizontal line in Fig. 6-4, will remain essentially constant because 
the factors that affect this deposition (hydrogen-ion concentration, pressure of 
oxygen, and concentration of water) do not change appreciably. Silver will de- 
posit first on the cathode at a potential of about 0.8 volt. Thus, the emf needed 
for electrolysis will be about 1,00 volt plus any IR drop. As silver is deposited, 
the concentration of the silver ion decreases and the potential of the cathode 
becomes more negative. When the silver ion concentration is reduced to 10“’^ ilf, 
the potential of the cathode is 0.387 volt and the emf needed for electrolysis is 
1.41 volt. Copper will not start to deposit until the potential of the cathode is 
0.337 volt or until the emf applied is 1.46 volt. Thus, if tlie potential of the 
cathode can be controlled so that it never becomes more negative than -{-0.40 
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volt 110 copper will be deposited, anti since the silver ion is reduced to nearly 
10 -T M, the separation of silver is virtually complete. 

After die silver is separated, the copper could then be separated from the cad- 
mium and zinc on a fresh electrode by controllin«j the potential of the cathode 
•It another value which is slightly more positive than that required for the deposi- 
tion of cadmium. It is obvious that the copper ion concentration would be re- 
duced to an extremely low value before cadmium would start to deposit (theo- 
retically, to 10"-** ilf)- 


Potentiostat 



Potentiometer 
or Vacuum Tube 
Voltmeter 


o[ 


Fio. G-3. -Apparatus fur Klectrolysis at Conlrollctl Potential. 

This apparatus can lie niodilied easily so that a mercur) cathode can be used instead 
a plaiinuin gau/e cathode. 


No cathode conuol would be necessary to sep:ir:ite the cadmium from the zinc 
l^ecause as the ctidmium ion concentration became very low, hydrogen would start 
to deposit before zinc. As explained previously, the overvoltage of hydrogen 
tmuld cause the evolution of hydrogen to occur at —0,7 to —0.8 volt rather than 
at its reversible potential of 0.0 volt. With the potential of the anode and cathode 
rematiiing constant, the emf reejuired, wlien hydrogen and oxygen are the prod- 
ttets of the electrolysis, would remain steady at about 2.5 volt. 

far the most convenient way to control the potential of the cathode during 
>>'i electrolysis is with a potentiostat. The emf that the cell, consisting of a refer- 
^■•ce electrode and the cathode, should have at the end of a given electrolytic 
separation is set on the potentiostat and this instrument controls the voltage ap- 
P lec to the electrolysis cell so that this emf is held constant. 

^ eparations with controlled electrode potentials are very satisfactorily clone with 
mercury cathode. By including a silver or some other coulometer in series with 



178 SEPARATION BY ELECTROLYSIS 

the electrolysis circuit, it is comparatively simple to perform a series of scpdra« 
tioiis and analyses without replacing tlie mercury catlrode between successive sep- 
arations. Because the same current flows tlirough the electrolysis cell and the 
coulometer, a given separation at a controlled potential is carried out, and the 
amount of metal deposited in tlie mercury is calculated by using Faraday's Laws 
and the amount of reaction that is observed in the coulometer. Tlie next elec- 



Fic. 6-4 ScheiDJlic Repiesenlalion of an Electrolytic Separation. 

The ^ollage that must he applied to the electrolysis cell for the deposition of siher 
is indicated. If this applied xoltage is ncicr greater than that required for the deposi- 
tion of copper, only siher will l)c deposited. Similarly, the \oUagc required for the 
separation of copper from cadmium can be deduced. The removal of cadmium from 
zinc does not require potential control, 

trolysis is then performed at a new controlled potential without clianglng the 
electrolysis cell but, again, the coulometer is used to determine die amount of 
electrolysis that occurs. 

The potential of an anode can be controlled in a similar manner. This tech- 
nique is particularly useful in stripping one metal from a group of metals that 
may be present in an amalgam. In this case, tJie most electronegative metal is 
oxidized from the amalgam first, followed by the less electronegative metals. It is 
important to realize that certain metals, especially iron, cobalt, and nickel, can- 
not be oxidized from mercury prior to the oxidation of mercury itself. This 
phenomenon greatly limits the utility of controlling the potential during tlie 
stripping of a mercury amalgam. 

Electrolyses with controlled electrode potentials have wide and varied applica- 
tions. The most common inorganic applications are in the analysis of many 
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alloys and in tlie determination of the nature and thickness of oxide films on 
various metals. The use of controlled electrode potentials is now quite prevalent 
in preparative organic chemistry. If a certain organic compound can undergo a 
series of reductions (or oxidations), each at a definite potential, it is then possible 
to reduce the starting material selectivity and elficiently to some desired com- 
pound by controlling the potential of the cathode during the reduction. Becmise 
this procedure for reducing (or oxidizing) organic compounds produces essentially 
only the desired product, it is much more economical than most reductions per- 
formed chemically, where side reactions producing undesired products usually 
occur.5 


INTERNAL ELECTROLYSIS 

Another method to control a cathode potential is that employed in internal 
electrolysis. If an active metal is connected to a platinum electrode and both are 
immersed in the same solution, the potential of the platinum electrode cannot be 
more negative than that established by the dissolution of the active metal. Thus, 
if the separation of copper from cadmium is to be realized, an anode of lead 
could be connected to a platinum electrode. The dissolution of the lead would 
establish a potential on the platinum sufficiently negative to deposit the copper 
but not adequate to reduce the cadmium ions. It is possible, therefore, to control 
the potential of the cathode by merely choosing the proper anode. 

In actual practice, the anode which is frequently placed in a neutral electrolyte 
is separated from the solution to be analyzed by a porous cup. This prevents 
major contamination of the solution in the anode compartment by the solution 
to be electrolyzed and vice versa. In order to prevent concentration polarization 
and to minimize tlie time for a separation, the solutioit being electrolyzed should 
be stirred. 

This simple method of controlling a cathode potential is used principally to 
plate out small quantities of noble metals in a solution of a more active metal. 
This teclrnique is particularly suitable in those solutions tvliere a platinum anode 
would be attacked in conventional electroanalysis, as in solutions containing a 
large concentration of chloride ions. Specific examples where this technique is 
advantageous are the determination of copper and bismuth in lead, of tin in 
aluminum, of cadmium in zinc, and of lead in antimony. 

Internal electrolysis is not confined to cathodic depositions. Recently, TI..O .5 
as well as MnOo, PbOo, and NioO^j have been deposited on an anode by using 
very strong oxidizing agents as a catholyte.® 


OTHER SEPARATION TECHNIQUES 


There are several other techniejues used in separating materials which do not 
necessarily involve electrolysis but which are based on the migration of charo^ed 
particles in an electric field. 

Electrophoresis is tlie migration of large molecules and small aggregates of mole- 
cules under the influence of an electric field applied to a medium in which the 
particles are suspended. Proteins, viruses, day suspensions, rubber emulsions, and 


bibliography of publications through 1961 on conlrollecl-poteiuial elec- 
trohsis and coulonietry at controlled potential has been compiled bv Y ^Israel mrl i 
1 leites and published by Analytical Instruments, Inc., Wolcott Conn ^ ‘ 

8 Lipclunsku, A., Zhur. Anal. Khim., 12, 83, 1957; 13, -102. 1958. 
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colloids are some examples of substances that may be separated into pure com- 
ponents by means of tins technique. Because of the great interest in tliis means 
of separation and because of die various requiremeiits of the wide variety of ap- 
plications, no single apparatus or procedure can be described for electrophoretic 
separations. In general, the material to be separated is suspended in a water solu- 
tion where the pH and tiie electrolyte concentration are controlled carefully. This 
water suspension is placed in a comparatively long, small-bore tube, and an elec- 
tric field is applied. The various cliarges or, more correctly, the various ratios 
of cliarge to size on the suspended particles will cause different degrees of migra- 
tion. After a certain time, particles having a similar ratio of charge to size will 
have migrated to a small section of the tube, while particles with other ratios will 
be at another location. These sections of the tube must then be separated and 
the components isolated. All vibration of the apparatus, temperature gradients, 
and any other experimental variables that would cause random migration of the 
particles must be controlled carefully. For details of this technique, one of the 
recent monographs on electroplioresis should be consulted. 

In order to minimize the factors that cause random migration in electrophoresis 
and thereby permit separations that would otherwise be impossible, tlie suspension 
of the material to be separated is placed on paper or some other supporting 
medium and the bands or zones of puie material are developed in this support. 
Separations wlucli are performed by differential electrical migration in stabilized 
media are frequently referred to as clectrochrotnatogrnphy as well as electrophore- 
sis. This leclinique is used extensively for two widely different applications, die 
separation of inorganic ions and the separation of complex organic mixtures. In 
the latter case, employed extensively in biochemical investigations, it is possible to 
separate, purify, and isolate labile, water-soluble substances not easily prepared by 
other methods. 

A modification or extension of clcciroclirom.itogr.iplty is conlimiotis electro- 
chiomatograpby or curtain electrochromatography. In this method, the solution is 
intioduced continuously at the top and usually in tlic center of some vertically 
mounted supporting medium. This medium may be a sliect of paper, a layer of 
starch, a bed of very small glass beads, or the like, supported between two plates 
of glass or other material. The solution flows downward by gravity through the 
supporting medium while the cleciric.il potential is applied at right angles to this 
flow. The principle of chromatography (selective adsorj>tion and elution) as well 
as tliat of electrophoresis contributes to tlie resolution of the solution. As die 
solution drains off the bottom of the supporting medium, it is collected in a series 
of containers arranged along the horizontal width. If the separation is complete, 
individual components of the solution will be found in one of the containers or 
at least in two or three adjacent containers. This teclinique is useful in separating 
the components from a comparatively large volume of solution.^ 

The principle of electrical migration of diarged particles has also been applied 
in electrodialysis, electro-xtUrafiUraiion, and electrodecantation. These tecimiques 
find wide application in the preparation and purification of organic substances 
sudi as proteins, hormones, enzymes, stardies, resins, and cellulose.® 

z Details of this method can be found in iiiunugiaphs on elecliochromulograpli) .ind, 
more specifically, in recent articles by H. H. Strain and A. Karler. 

« Details of these techniques can be found in the chaplei by R. E. Staulfei in Tech- 
nique of Organic Chemistry, Vol. Ill, Fart I, Sepaiation and Purification, Intciscience 
Publishers, Inc., New York, 1956. 
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By J. C. White 

Assistant Director, Analytical Chemistry Division 
Oak Ridge National Laboratory 
Oak Ridge. Tenn. 


The use of solvent extraction as a general method of separation in analytical 
chemistry has increased markedly in recent years as analysts have come to recog- 
nize it as a powerful separation technique. Extraction systems have become much 
more sophisticated since die early applicatioti of ethers tor the solvent extraction 
of ferric chloride from hydrochloric acid solutions. Many new reagents are now 
commercially available and have assumed general use in analytical chemistry. Lit- 
erature in this field is increasing.'^ 

Table 7-11 includes a large number of reagents that have been used in separa- 
tions by solvent extraction. These reagents are listed under two classifications; 
chelates: and ion-association systems. In chelate e.xtractions, the metal cation usu- 
ally forms a complex with the reagent that is readily soluble in an organic solvent. 
In ion-association systems, the metal exists as an uncharged species in combination 
with some anion due to electrostatic attraction. 

The form of solvent extraction most widely used in analytical chemistry is 
liquid-liquid extraction. Tlie aqueous solution is brought into contact w’ith an 
immiscible organic solvent, which either contains the extractant in solution or else 
serves as die extractant, in order to transfer one or more of the solutes into the 
organic solvent. Separations achieved are customarily rapid, and essentially free 
of phenomena such as coprecipitution and adsorption. Solvent extraction can be 
applied equally well to trace level and large amounts of material. The apparatus 
required is simple and economical; in practice a separatory funnel is the only 
equipment needed. 


SOLVENT EXTRACTION TABLES 


In Tables 7-1 through 7-10, the extraction characteristics are shown for several 
of the more common reagents and a few relatively new ones. The elements en- 
closed in blocks can be extracted to better than 95% by the particular rea"-ent 


iThe following general references might be consulted profitably; Biennial reviews on 
So vent Extraction. Anal. Chem., 1958, I960, 1962; Morrison, G. H.. and Fiei e H 
Solvent Extraction in Analytical Chemistry. John Wiley and Sons, Inc., New York ’l957’ 

SS Tnc Ne^v of Traces of Metals. 3rd Ed., Interscience Pub- 

AQTxr’ c 1 V Symposium on Solvent Extraction in the Analvsis of ^[etals 

Technical Publication No. 238, 1958: Trevbol, R. E., En'nneerine Asnects 
(Source of Neiv Reagents), Ind. Eng. Chem.. 51, Part II, 378, 1959. Aspects 
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under the designated conditions in a single equilibration. A brief discussion of 
each of the reagents referred to in the Tables is given. 

Many other reagents have been used in separations by solvent extraction. A 
number of the more important of tiiesc are shown in Table 7-11. Undoubtedly 
some of these reagents will become extractants in general use in future years. The 
reader should be aware that, witli respect to analytical application, a large num- 
ber of new extraction systems remain to be investigated. Data for many potential 
separations exist in source material not normally read by analytical chemists. 

The physical constants for a number of organic solvents are given in Table 7*12. 

ACETYLACETONE 
CHs— C— CHj— C—CHa 


O O 

Aceiylacetone is a colorless liquid that boils at 135 to 137‘’C. (745 mm. Hg.), and 
has a density of 0.976 at 23*C. It is only slightly soluble in water but soluble in 
many organic solvents. Extractions arc usually made with tlie pure liquid as both 
extractant and solvent, or in solution with carbon tetrachloride, chloroform, ben- 
zene. or xylene. It is stable and can be stored indefinitely. 

Acetylacetone forms clielates with some 60 metals. In the preceding periodic 
chart (Table 7-1). however, only those metals extracted to greater than 90% in a 
single extraction are inclined. These chelates are very soluble in organic solvents 
so that acetylacetone is useful in extracting macro amounts of metals as well as 
in micro scale extractions. 

THENOYLTRIFLUOROACETONE (TTA) 

C— CHr-C— CFs 

11 11 

^ o o 

Thenoyltrifluoroacetone is a crystalline solid, melting at 42.5 to 43.2*C. It is 
generally used in a 0.1 to 0.5 M solution in benzene or toluene. The resgenc is 
a useful extractant over a wide range of acidity and has received much attention 
m the extraction of the heavy elements. i.e., tlie actinides. 



8.QUINOLINOL (OXINE) 



OH 


8-QuinoIinoI (oxine) is a white crystalline compound melting at 74 to 76‘’C. It 
is generally used in solution with chloroform. The solution in chloroform is sen- 
sitive to light, and should be stored in brown bottles, preferably in a refrigerator. 



Table 7 - 1 . Acetylacetone Extraction of the Elements 
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Elements enclosed by solid lines are extracted favorably or selectively at the indicated pH. 










Table 7-2. 2-Thcnoyltrifluoroacxtone (TTA) Extraction of the Elements 



Key Elements enclosed by solid lines are extracted by TTA (0.2 M) in benzene favorably or selectively at the 

[ indicated pH. Those elements for which only valence is indicated are extracted from solutions of high hydro- 

Element chloric acid concentration. 





Table 7-3. 8-Quinolinol (Oxine) Extraction 
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Table 7 - 4 . Diphenylthiocarbazone (Dithizone) Extraction of the Elements 
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3 Z M 


Element 

Valence 



Table 7-5. Diethyldithiocarbamate Extraction of the Elements 
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Table 7-6. N-Nitrosophcnylhydroxylamine (Cupferron) Extraction of the Elements 






Table 7-7. 4-Methyl-2-Pentanone (Hexone) Extraction of the Elements 
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Table 7-8. Tertiary High Molecular Weight Amine Extraction of the Elements 
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Table 7-9. Tri-k-Butyl Phosphate (TBP) Extraction of the Elements 
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Table 7-10. TRi-n-OcTYLPHospniNE Oxide (TOPO) Extraction of the Elements 
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Elemenis enclosed by solid lines are extracted. Acid system from which favorable or selective exlradiction 
be effected; 
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Table 7-11. Metal Extraction Systems 

Chelate Syste?7is 
Acetylacetone 
Thenoyltrifluoroacctone 
Quinalizarin 
Morin 
8-Quinolinol 
Dime thy Iglyoxime 
Cyclohexanedionedioxime 
Furildioxime 
Benzyldioxime 
Salicylaldoxime 
l-Niu-oso-2-naphthol 

N-Nitrosophenylhydroxylamine, ammonium salt (cupferron) 
N-Nitrosonaphthylhydroxylamine, ammonium salt (neocupferron) 
N-Benzoylphenylhydroxylamine 
Benzohydroxaraic acid 

1- (2-PyridyIazo)-2-naphthol 
Diphenylthiocarbazone (Dithizone) 

Toluene-3, 4-dithiol 

Sodium diethyldithiocarbamale 
Potassium xanthate 
Phenylthiourea 

Io7i- Association Systems 
Ethyl ether 
Isopropyl ether 
Ethyl acetate 

4-Methyl-2-pentanone (Hexone) 

Diisopropylketone 
T ributylphosphate 
Carbon tetrachloride 
Benzene 
«-Butanol 

2- Ethylhexanol 
2-Octanol 
Diisobutylcarbinol 
Dibutylcarbitol 
Pentaether 

Perfluorocarboxylic acids 
Alkylphosphoric acids 
Tri-7i-octylphosphine oxide 
High molecular weight amines 
Tetraphenylarsonium (phosphonium) chlorides 
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Oxine forms chelates with many metals and is widely used in analytical separa- 
tions by solvent extraction, although it is not very selective. Its selectivity has 
been greatly extended by application of masking agents, such as ethylenediamine- 
tetraacetic acid (EDTA). The reagent is often used as a 1% solution; in many 
cases, however, more concentrated solutions, as high as 10%, can be profitably used, 
particularly in the case of alkaline earth separations. 

DIPHENYLTHIOCARBAZONE (DITHIZONE) 

NH— NH— 

/ 

S=C 




Diphenylthiocarbazone is a purplish black crystalline compound that decom- 
poses at temperatures above 165*C. It is soluble in organic solvents and insolu- 
ble in aqueous solutions except for aqueous ammonia. The reagent is used al- 
most exclusively in clilorofonn or carbon (etradiloride solution. 

As a precautionary measure, due to its sensitivity to oxidation, dithizone should 
he purified before use by filtering the chloroform solution and then extracting it 
with aqueous ammonia. Dithizone in the aqueous solution is precipitated by 
acidifying with HCl. The dried reagent should be kept in a dark, tightly stop- 
pered bottle. As an altei native to drying Uie precipitate, dithizone may be ex- 
tracted from its aqueous acidic solution with chloroform, and used as the chloro- 
form solution. 

Formation of metal chelates Is possible in both acid and basic solutions since 
dithizone is tautomeric. Most analytical applications are made from acidic solu- 
tions because the chelates formed are more stable and more soluble in organic 
solvents. 


SODIUM DIETHYLDITHIOCARBAMATE 
S 
/ 

(CjHOiN— C 

\ 

S— Na+ 

Sodium diethyldithiocarbamate is a white crystalline compound, generally used 
in die form of a 2% aqueous solution. The reagent is used in basic solutions in 
most applications, altliough extractions can be carried out in acidic solutions if 
done rapidly to avoid decomposition of the reagent. 

Since the reagent is not selective, it is often used in conjunction with masking 
agents. 
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N-NITROSOPHENYLHYDROXYLAMINE (CUPFERRON) 

N=0 

! 

— N— OH 

Cupferron is a white crystalline solid melting at 168 to 164“C. The aramoniuin 
salt is the customary form of the analytical reagent. It is soluble m water and 
alcohol and generally used in an aqueous solution {&%). The metal cupferrates 
are soluble in ether and chloroform. 

Solutions of the reagent should be kept refrigerated. Extractions are best car- 
ried out in the cold to avoid decomposition of the metal chelate. Chloroform is 
the preferred solvent for extraction of the precipitated chelates. 

4-METHYL-2-PENTANONE (HEXONE) 

(CH 3 )-.CH— CH-r- CHo— C— CHa 

11 

O 

4-Methyl-2-pentanone is a clear liquid boiling at llCC. It is somewhat soluble 
in water, about 2% by weight. The reagent is commonly used in the form of the 
organic solvent itself. Extractions are possible from a wide variety of acidic sys- 
tems. The reagent has found mucli use in flame photometry since hexone solu- 
tions of many cations can be aspirated directly into the flame. 

TERTIARY HIGH MOLECULAR WEIGHT AMINES 

R3N R = Cs group 

Tertiary high molecular weight amines, such as the octylamine, tri-»-octylamine, 
triisooctylamine and methyl-di-n-octyl amines, are often referred to as “liquid 
anion exchangers.” The extraction characteristics closely resemble the adsorption 
capabilities of the solid anion exchange resins. The amines are usually dissolved 
in either polar or non-polar solvents; benzene and xylene are the most widely 
used solvents. Extraction coefficients are acid-dependent and vary greatly. Ex- 
tractions can be carried out from essentially any acidic medium as long as anionic 
complexes of the metal are present. The amines extract mineral and organic acids. 
A 0.1 iff amine solution is commonly used in separations. The addition of capryl 
alcohol (about Z% by volume) to the solvent is suggested to avoid possible emul- 
sion formation. 

TRI-n-BUTYL PHOSPHATE 

[CH3(CH.>)30]3-P = 0 

Tri-n-butyl phosphate is a clear liquid which boils at 154 to 157°C (10 mm 
R is one of the most widely used reagents of the alkylphosphoric add ester family 
The reagent is soluble m most organic solvents and is often used in extractions 
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Table 7 - 12 . Physical Constants of Organic Solvents (Cont.) 
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Dibenzylamine (CcHiCH2)2NH I.O2622’ 300.0 1.57432»». 3.6 Insoluble 

Pyridine CsHsN 0.98783,5. 115.3 1.509192,. 12.3 Soluble 

Quinoline C9H7N 1.0952o» 237.7 1.6245021.9. 9.0 6 g./lOO ml. 

* Table from Morrison, G. H., and Frciser, Henry, Solvent Extraction in Analytical Chemistry, John Wiley and Sons, Inc., 1957. Reprinted 
with permission. 
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in a benzene or xylene solution. It is only slightly soluble in water. In some 
cases it is used as the solvent also. The reagent extracts from strongly acidic so- 
lutionsJ 


TRI-n-OCTYLrHOSPHINE OXIDE 

(C8H,t),-P=0 

Tri-n-ociylphosphine oxide (TOPO) is a white, waxy crystalUite compound melt- 
ing at 51 to 52*C. It is soluble in liydrocirboiis, insoluble in water. Cycloiiexane 
is often used as a solvent, although caibon tctnichloridc Is useful as a diluent 
when inversion of the phases is desired. The commercial product can generally 
be used without further purification. 

Tri-n-octylphosphine oxide is most useful as an extractant from highly acidic 
solutions, in excess of 1 M. Highest extraction coeflicicnts are achieved from acidic 
chloride and nitrate solutions. The addition of chloride or nitrate to sulfate or 
perchlorate solutions often leads to effective separations. Mineral acids are co- 
extracted to some extent. 



Chapter 8 


separations by distillation 


and evaporation 


By Harold F. Walton 

Professor of Cheiiiislry 
University of Colorado 
Boulder, Colo. 


t elements throui’li the vapor phase is less convenient 

Introduction. precipitation or solvent extraction, but it is usually clean 

th.m sepal au g lighter elements are those most often separated by vapori- 

"‘‘c "^“‘ysneH-Iuv tlTe dou-metals and pseudometals. The method can, however, 
be “LXr? a o' Wgl.o.- <emperuu,res or reduced 

’’'organk elementary t'nalysis, the determination of carbon, hydrogen, nitrogen, 
and oxygen in organic compounds, reciuircs the separation of these elements as 
o^ases Carbon and hyd’'°§^" burned to carbon dioxide and water, which are 
absorbed* in wei-hed containing appropriate reagents. Nitrogen, in the 

Dumas method, fs mea^"'^^ nitrogen gas, while oxygen, in the Untentaucher 
method is converted to carbon monoxide, which reacts with iodine pentoxidc to 
yield iodine vapor whic^* absorbed and determined by titration. Much 

c.xperimental detail is ii^'ob'cd in these methods, and one can profit by referring 
to textbooks on the subJ^^^'^ 

The conversion of oxVS'^'^ carbon monoxide is the basis of many “vacuum 
fusion” methods for dei^™"““S o-'^ygen in metals.- A newer method which is 
applicable to organic » as* inorganic ‘ compounds, is the reaction with BrF.. 

to yield gaseous oxygen. 

The Kjeldahl method determining nitrogen is well known.^ Nitrogen in 
organic compounds is to ammonium sulfate by digesting with hot con- 

centrated sulfuric acid appropriate catalysts,® then ammonia gas is liberated 
by adding sodium hydrd^*^^^’ distilled and absorbed in boric acid or a meas- 
ured volume of standard iiydiochloric acid, then determined by titration. Nitro- 
gen can readily be deterP*’^^^ nitrates by reducing these to ammonia in alk.t- 
line solution with Devar^^ alloy (Cu 50%, A1 45%, Zn 5%) and simultaneously 
removing the ammonia b'^ distillation. 


1 Steyermark, A., Quaiuif‘'^‘'c Organic Microanalysis, New York, The Blakiston Co. 
1951. 

2 Booth. E., Bryant, F. T ' ’ Analyst. 82, 50, 1957; Bennett, S. T., and 

Covington, L. C., Anal. Cheif'' 1958. 

3 Shaft, I., and Katz T. I Chem., 29, 1322, 1957. 

^Hockstra, H. R., and J- J > Anal. Chem., 25, 1608, 1953. 

5 Bradstreet, R. B., Anal. « 29, 944, 1957: Chem. Rev., 27, 331, 1940 
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SEPARATION OF THE ELEMENTS 

Our main concern in this chapter will be with elements otlier than the four 
just mentioned. We shall also ignore the inert gases. Witli these exceptions, 
those elements that are most often separated for analytical purposes by distilla- 
tion or evaporation will be reviewed in approximate order of atomic number. 
We are primarily concerned witli separation by vaporiration as a prelude to, or a 
part of, tlie analytical determination of the clement that 
is vaporized. Vaporization, howeser, is also used to re- 
move unwanted elements before determining otlier con- 
stituents, and vaporization may lead to unintentional 
losses, if an analyst is not aware of this possibility. 

JJoron.— There are few, if any, reactions specifically for 
borate in aqueous solutions. Except with the simplest of 
mixtures, it is necessary to separate borate from other con- 
stituents before it can be determined, and diis is almost 
always done by distillation of tlic ester methyl borate, 
B(OCHjL, b.p. 68.5*. The sample containing a soluble 
borate is placed in a distilling flask witli a small amount 
of sulfuric or hydrochloric acid and a minimum of water; 
a considerable excess of methanol is added, and tlie liquid 
is distilled at 75* to 80*, keeping the volume constant by 
passing methanol vapor during the distillation, or by 
adding metltano! directly through a funnel. Typical ap- 
paratus is shown in Figs. 8-1 and 8-2. The distillate is 
caught in dilute sodium hydroxide solution (0.1 to 0.5 N), 
whicli is later evaporated to small volume and acidified. 
The boric acid is either determined by titration with 
standard base, using mannitol to complex the boric acid.o 
or photometrically with curcumin or l.r-dianthrimid.^ 
There are many modifications of the distillation pro- 
cedure, depending on the nature of the sample and 
the quantity of boron. In one method,® for quantities 
up to 20 mg. (as in Fig. 8-1). the sample is placed in the distilling flask with a 
minimum of water. Then 5 ml. concentrated sulfuric acid is added; the solution 
is evaporated to fumes and cooled; and then 40 ml. metJianol is added. This is 
distilled, and die distillate collected in aqueous sodium liydroxide; dien more 
metlianol is added and the distillation is repeated. At the other extreme, a metliod 
for microgram and submicrogram quantities has recently been described » in whicIi 
perchloric acid is used to catalyze die esterification, and glycerol is added to the 
sodium hydroxide solution in die receiver to give better retention of boric acid. 
Special equipment and techniques for boron in sedimentary rocks, glasses,^^ and 
fertilizers are also described. 

« Wilcox. L. V., liid. hug. Chem., Anal. Ed.. 2, 358, 1930. 

■ Baron. H., Z. anal. Chcin.. 143, 339. 1954. 

aSchulek, E., and Vastagli, G., Z. anal. Chem.. 84, 167. 1931. 

9 Spicer, C. S., and Strickland, J. D. H., Anal. Chini. Acta, 18, 523, 1958. 

10 Werner, H., Z. anal. Chem., 168, 266, 1959. 

11 Ehrlich, P., and Keil, T., Z. anal. Chem., 165, 188, 1959. 

12 Roth, H., and Beck, W., Z. anal. Chem., 141, 404, 1954. 
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The esterification o£ boric acid with methanol is more rapid than most esterifi- 
cations, but is, nevertheless, slow enough so that extended or repeated distillation 
is needed to recover boric acid quantitatively. A certain amount of water is nec- 
essary, as completely anhydrous conditions are not desirable. 

Complications arise when the sample contains much silica or more than a trace 
of fluorine. A preferable extraction technique may be one that separates micro- 
irram amounts of boron from gram amounts of silica.^^ Fluoride ions combine 
widi borate to form the stable fluoborate ion. Fluoride interference can be pre- 
vented, however, by adding a large excess of a solution of anhydrous aluminum 
cliloride in methanol before the distillation.^* Fluoride is held as AlF(j”, Vana- 
dium, if present, distils with methyl borate, presumably as a methyl vanadate 
ester; preliminary separation is necessary.*^ 

Borosilicate glass should not be used for methyl borate distillations. It is best 
to use a silica distilling flask and condenser, and a receiver of silica, platinum, or 
silver. 

F/uorme.— Fluorine is an impediment to many analytical determinations, as it 
forms complex ions or sparingly soluble fluorides with many metals. It is easily 


methanol 
vapor or 
steam 



Fig. 8-2. Simple .Apparatus for the Willard and Winter Distillation; Can Also Be Used 
for Methyl Borate. Steam Is Passed to Distil Fluosilidc Acid, Methanol to Distil Methyl 

Borate. 


removed by evaporation with sulfuric or perchloric acid. Because of their very 
general reactivity with metal ions, fluoride ions must as a rule be separated from 
mixtures before they can be analytically determined. Separation is accomplished 
by distillation as fluosilicic acid, FI^SiF^,. The sample is placed in a distilling flask 
with glass beads or broken porous pot; sulfuric acid or perchloric acid is added, 
^nd the mixture is distilled, keeping the temperature about 135° to 140°. Under 
these conditions fluorine distils as H^SiF,. rather than SiF^, and diere is evidence 
that some may distil as HF. As tvater boils out of the solution more is added, 
either through a funnel, or, more usually, by passing steam. The apparatus is 
simdar to that shown in Fig. 8-2, with the addition of a thermometer to read the 


i3Pohl, F. A., Z. .anal. Chem., 157, 6, 1957. 

I Caestel, C.. and Hiire, J.. Bull. Soc. Chim., 16, 830, 1949. 
°''eiss, G., and Blum, P., Bull. .Soc. Chim., 14, 1077, 1947. 
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temperature of the contents of the distilling flask. The receiver contains water. 
About 100 ml. of distillate are collected for 10 mg. of fluorine. 

The original distillation method of Willard and Winter 1“ has been modified by 
various workers. Thus, a vapor jacket may be used to control the temperature 
of the distilling flask, and phosphoric acid may be used in the flask in addition 
to perchloric.!® One modification uses an aluminum chloride solution to receive 
the distillate.!® Usually water is used in the receiver, and the distillate contains 
fluosilicic acid, hydrofluoric acid, and suspended silica. Fluosilicic acid hydrolyzes 
easily and is treated for analysis as though it were hydrofluoric acid. The fluoride 
is titrated with thorium nitrate using sodium alizarinsulfonate at pH 2.6 to 3.4,!®- 
or determined photometrically by the bleaching of the zirconium-alizarin *! or 
ihorium-thoron !® lake. 

Borosilicate glass may be used in the still; small amounts of boron in either the 
glass or the sample form HBF^, but this does not interfere in the determination 
of fluorine. Much gelatinous silica retards distillation. More serious interference 
is given by aluminum. In the analysis of aluminosilicate rocks, one may fuse the 
rock with sodium carbonate plus zinc oxide, and extract die melt witii water. Most 
of the aluminum remains in the insoluble residue, while the fluoride is in solu- 
tion.!® A method for determining fluorine in alumina ores and catalysts makes a 
preliminary separation by fusing the sample widi potassium pyrosulfate in a 
quartz flask at 800®, blowing air through the melt to drive olf HF, which is ab- 
sorbed in aqueous sodium hydroxide, then separated again by a Willard and Winter 
distillation.^® Yet another metliod uses hydrolysis of the sample by water vapor 
at 760® to liberate fluosilicic acid.** 

St'hVon.— Silicon is removed where it is unwanted, for example in the “open- 
ing-up” of silicate rocks or in die purification of hydrous oxide precipitates, which 
carry absorbed silica, by evaporating with hydrofluoric and sulfuric (or perchloric) 
acids in a platinum dish. The excess of hydrofluoric acid evaporates before the 
sulfuric acid or perchloric acid, so Uiat the final residue is free from fluoride as 
well as silica. Wliere much silica has to be removed, a second or third evaporation 
can always be performed. 

Certain elements may be lost as volatile fluorides during this evaporation. These 
include B, Ge, As, Sb, Se, and also the metals Cr, Mn and Re.** 

Where fluoride is present in a sample, the volatility of fluosilicic acid interferes 
widi die quantitative precipitation of silica by evaporation with perchloric or 
hydrochloric acid, unless steps are taken to prevent loss. By adding excess boric 
acid the fluoride is vaporized as BF 3 and the silica recovered quantitatively.*! 

Su//ur.— Where it is necessary to determine sulfur in the sulfide form, as dis- 
tinct from total sulfur, the sample is treated with hydrochloric add and the lib- 
erated hydrogen sulfide gas is absorbed in ammoiiiacal zinc sulfate solution. It is 
then titrated with standard iodine solution following adcHfication. This method 
is mainly used in steel analysis. 

!«AViUard. H. H.. and Whilcr, O. B., Ind. Eng. Chem., Anal. Ed.. 5, 7, 1933. • 

Huckaby, yv. B., Welch, E. T., and Mcttler, A. V., Ind. Eng. Cheni , Anal. Ed., 19, 
154, 1947: Samachson, J., Slovik, N., and Sobel. A. E.. Anal. Chem., 29, 1888, 1957. 

!8 Grimaldi, F. S, Ingrain, B., and Cutlitta, F., .^nal. Chem., 27, 918, 1955. 

!9 Ballczo, H.. Doppler, G., and Lanik, A., Mikrochim. Acta. 809, 1957. 

20 Abrahaniczik. E., and Merz, W.. Mikrochim. Acta, 445, 1959. 

21 Sanchis, J. M.. Ind. Eng. Chem.. Anal. Ed.. 6 , 134, 1934. 

22 Gamble. L. W.. Price, W. E.. and Jones. W. H.. Anal. Chem.. 32, 189, I960. 

23 Chapman. F. W., Manin, G G.. and Tyree. S. V.. Anal. Chem., 21, 700, 1919. 

2!Schrenk, W. T.. and Ode. W. H., Ind. Eng. Chem.. Anal. Ed., 1, 201, 1929. 
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Chroinium.-For the determination of chromium itself it is seldom necessary to 
separate it from accompanying materials. There are, however, often occasions 
where drromium interferes in the determination of other metals. It may be re- 
moved by evaporation as chromyl chloride. GrO^CL. The solution is evaporated 
to fumes with perchloric acid, then small amounts of powdered sodium chloride 
are added to the boiling solution uzitil no more orange-red vapor is evolved and 
the color of the solution shows that the chromium has been removed. Or, hydrogen 
chloride gas can be passed over the boiling solution; this method has been applied 
to the analysis of corrosion-resistant steels and low-grade uranium ores.2« 

In determining chromium itself, it is common to dissolve the sample in hydro- 
diloric acid, then evaporate to fumes with perchloric acid in order to oxidize the 
chromium to chromic acid. Caution is indicated to avoid lo.ss of chromyl chloride 
in such procedures. 

Geinmniinti.— Germanium tetrachloride, GcCl.,, boils at 84°, and is sufficiently 
stable towards water that it can be distilled from acjueous hydrochloric acid solu- 
tion. In fact, germanium is easily lost from hydrochloric acid solutions, even at 
room temperature. The optimum concentration for distillation is 3 to 4 N,-~ but 
it is best to continue distillation until constant-boiling hydrochloric acid forms, or 
else some of the germanium may stick to the rvalls of the condenser.-® Tin does 
not distil under these conditions: it stays in solution as the stable ion, SnClg-. 
Antimony and selenium do not distil in significant amounts; arsenic forms volatile 
.■VsClg, but if a current of chlorine is passed to keep arsenic in the pentavalent 
form, the vaporization of arsenic is prevented. 

Where a little arsenic has to be separated from much germanium, as in the 
analysis of semiconductors, a solvent extraction method is best.-^ 

Arsenic, Antimony, and Tin.— As indicated above, arsenic can be distilled from 
6 N hydrochloric acid at 110° to 112° as long as it is in the trivalent form. It 
may be earned over quantitatively as AsClg in a stream of carbon dioxide,®** and 
separated completely from much larger amounts of tin and antimony.®^ By chang- 
ing tire conditions it is possible to distil arsenic, antimony, and tin successively 
in the same apparatus.®® After arsenic has distilled, phosphoric acid is added to 
complex the tin and raise the boiling point; the temperature is raised to 160°, and 
concentrated hydrochloric acid is dropped slowly into the flask. Antimony is dis- 
tilled as SbClg (b.p. 219°). Finally, tin is distilled as a mixture of SnClj (b.p. 
113°) and SnBiq by adding a mixture of hydrochloric and hydrobromic acids, 3:1 
by volume, and distilling at 140°. 

Arsenic is readily distilled from hydrobromic acid solutions, and this method 
has been favored for determination of trace concentrations. In a well-known 
metliod for arsenic in biological materials,®® the sample is digested with sulfuric, 
mtne, and perchloric acids, then transferred to the distilling flask where tlie nitric 
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acid is removed by boiling. Concentrated potassium bromide solution is then 
added. Arsenic distils rapidly, apparently as a pentabromide, since the distillate 
(collected in water) contains arsenic wholly as arsenate. In this form it is ready, 
without further oxidation, to be determined by die molybdenum blue method. 
Ammonium molybdate is added, then hydrazine, to reduce the arsenomolybdate 
to molybdenum blue. This is determined photometrically. For most accuracy in 
the microgram range the acidity of the distillate must be adjusted before adding 
ammonium molybdate.^^ 

Arsenic is also separated as arsine, AsH^. This is formed quantitatucly over a 
wide range of conditions by reduction of arsenic-containing solutions with zinc 
and sulfuric acid. It may be absorbed in dilute iodine solution and converted to 
arsenate for determination as molybdenum blue,*® or it can be absorbed in mer- 
curic chloride solution, again with a molybdenum blue finisli.3“ In the classical 
Gutzeit method, the arsine, carried by hydrogen, passes over a strip of paper im- 
pregnated with mercuric chloride and stains it yellow or black according to the 
amount of arsenic present. 

Se/ent«m.— Selenium is distilled as the letrabromidc under oxidizing conditions. 
Soils, for example, are dried and placed in a distilling flask with a sufficient quan- 
tity of a mixture of concentrated hydrobromic acid and bromine (10:1 by volume) 
to give a permanent bromine color. More hydrobromic acid is added and the 
mixture distilled. A little hydrobromic acid-bromine mixture is first placed in the 
receiver. Oiganic matter can be aslied with nitric, sulfuric, and perchloric acids 
without loss of selenium; die product of the ashing is distilled with hydrobromic 
acid and bromine plus additional sulfuric acid.^'* A simple distillation technique 
has been devised for field use in geocliemical prospecting; 1 g. of rock or soil is 
mixed with 2 ml. sulfuric acid and 5 ml. HBr-Br^ mixture, and distilled. The 
still is simply a micro-Kjeldaht flask with its neck bent over. To avoid carrying 
liquid bromine, bromine is liberated in situ by adding potassium bromate to the 
hydrobromic acid. The first 4 ml. of distillate contains virtually all the selenium.^i) 

The selenium in the distillate is generally reduced to elemental selenium by 
sulfur dioxide, hydroxylamine. or ascorbic acid. The selenium is filtered and 
weighed, or, more often, estimated by its red color. Microgram amounts of sele- 
nium can be determined photometrically by the reaction of selenious acid with 
diaminobenzidine.*® 

Osmium.— Compounds of osmium are readily oxidized to OsO^, (b.p. 129'). Os- 
mium is thus easily separated from the other platinum metals. The vapor of 
OsO^ can be distilled from aqueous solutions. 

In the classical procedure of Gilchrist,^! the sample is treated in the distilling 
flask with 1:1 nitric acid and a slow stream of air passed through the boiling .solu- 
tion to carry away the osmium tetroxidc. A better oxidizing agent, particularly il 

3-> Holtman, I., and Rowsoiiic, M., Analyst, 85, 151. 1960. 

35 Kingsley, G. R.. and Schallcrt, R. R.. Anal. Chcni.. 23, 914. 1951. 

3« Nazaienko, V. A., Ilyanllkova, G. J'., and Lebedeva, N. B., Za\od. Lab., 23, 891, 1947; 
Anal. Abstracts, 5, 2954, 1958. 

37 Robinson, W. O., Dudley, H. C., ^Villiaras, K. T., and Byers, H. G., Ind. Eng. Chem., 
Anal. Ed., 6, 274, 1934. 

38 Fogg, D. N., and \Vilkinson, N. T.. Analyst, 81, 525, 1956. 

39 Lakm, H. yv.. Proceedings of XX. Intemational Geological Congress, Mexico City, 
1956. 

Hoste, J., and Gillis, J., Anal. Chim. Acta, 12, 158, 1955. 

II Gilchrist, R.. J. Research Nat. Bur. Standards. 6, 421, 1931. 
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diloro-complexes of osmium arc present, is boiling perchloric acid.'- The os- 
mium tetroxicle is absorbed in 6 N hydrochloric acid saturated with sulfur diox- 
ide The absorption is somewhat slow, and at least two traps should be used in 
series. The final determination is done gravimetrically as osmium metaMi or 
photometrically with thiourea."* 

^ d/eiciiry.— Mercury metal is easily liberated from its compounds by heating them 
witli calcium carbonate or sodium carbonate in air, or with an oxidizing agent. It 
may also be vaporized from aqueous solutions as HgCl.^. Mercury can be deter- 
mined in organic compounds by ashing them in the distilling flask with fuming 
sulfuric acid and ammonium persulfate (perchloric acid may also be used), and 
then passing hydrogen chloride gas and raising the temperature. iMercuric chloride 
distils (juantitatively and may be determined in the distillate by precipitation of 
ZnHg(SCN)i.^‘ 

EVAPORATION OF METALS AT HIGH TEMPERATURES 

Metals vary greatly in their boiling points, as the following ttible shows: 



B.p. at 


B.p. at 

Metal 

760 mm. 

Metal 

760 mm. 

Ccl 

767 

A1 

2056 

Zn 

906 

Sn 

2260 

Mg 

1100 

Cu 

2310 

Bi 

1560 



Pb 

17.50 



Ag 

1927 




By distilling at low pressures the temperatures needed are reduced, and differences 
in vapor pressure are magnified. .A large dilference in boiling point between two 
metals does not necessarily imply efficient separation, however. Little is known 
of vapor pressure-composition relations for mixtures of metals,"' and the techniques 
of fractional distillation commonly used at lower temperatures are impractical here. 
Distillations are made with “one theoretical plate.” Technitjues are described for 
rapid analysis of alloys by heating weighed samples in silica vessels to temperatures 
of 800° to 1000° anti pressures down to 10—' mm.-“** ‘r and either measuring the 
decrease in weight as one metal is vaporized and another left behind, or noting 
visually the density of the minors produced as one metal after another deposits 
on the walls of the tube beyond the heated portion.'v Certain sulfides can be 
vaporized and separated by this last technitjue.'* 

Evaporation in a stream of nitrogen has been used to extract traces of lead from 
•ron and stone meteorites in geochemical research.'** Charges weighing up to 25 g. 

MVestland, A. D., and Beamish, F. E.. .Anal. Clicin., 26, 739, 1954. 
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are jjlaced in a graphite crucible inside a quartz tube and heated by an induction 
furnace to 1400“ ; see Fig. 8-3. Lead is vaporized and condensed in moist quartz 
ivool. then dissolved in acid, purified by a 
dithizonc extraction, and transferred to the 
filament of a mass-spcctronjcter for isotopic 
analysis. 

A somewhat similar technique has been 
used to separate traces of zinc from baux- 
ite, clays, and oxide minerals, '•o and from 
pyrites.®^ The samples are placed in a 
ceramic boat in a quartz tube, and heated 
in a furnace at 1100“ for 30 to 60 min- 
utes. Silicate materials are mixed before- 
hand with carbon and magnesium oxide; 
pyrite is mixed with carbon and powdered 
iron. A stream of hydrogen is passed dur- 
ing ignition; see Fig. 8-4. Zinc condenses 
in the narrow part of the tube just outside 
the furnace. It is not pure, but may con- 
tain Cd, Pb, Hi, Sb, As, Ge, and T1 if 
these were present in the original sample. 
The metal mirror is dissolved in hydro- 
chloric acid and the zinc determined polaro- 
graphically or will) diihizone, using mask- 
ing agents to prevent interference from the 
impurities. If niajor amounts of lead and 
Rocks.to other volatile metals are present, more elab- 

orate separation procedures are needed, 
and there is then little point in using the vaporization procedure in preference 
to otlier methods. The advantage of the vajiorizaiion method, where it can be 



metal 

mirror 



bulb to check bock-diffusion - 
Fig. 8 4. Distilling Apparatus for Recovering Zinc and Other Metals from Chiys. 


applied, is its speed and simplicity, and the fact tliat few reagents are required, 
which is an important consideration in trace analysis. 

*9Lchvaicls, G., and Uiey, H. C. Geoclum. et Cosmochim. Acta. 7, 154, 1955. 

50 Gcilm.inn. W., and Neeb, R., Angew. Cliem., 67, 26, 1955. 

'•V Geilmann, \V., Neeb, R., and Esclinatier, H., Z. anal. Cbem., 154, 418, 1957. 
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fitted with a condenser, takeoff valve, packing, packing support, and insulation. 
It is also necessary to fit the rubber stopper or cork to the bottom end of the 
column, or to have the desired male spherical joint sealed onto the tube. When 
tlie spherical joint is used, the boiling flask should have a side arm for connection 
to tlie back pressure manometer, and a well for the thermometer. The most satis- 



factory condenser arrangement is achieved by ring sealing an outer jacket with 
water inlet and outlet onto the upper end of the main column tube. A very in- 
expensive condenser (Fig. S-fi) can be fiitc<l to the upper end of the column by 
slipping a rubber stopper down over the tube until it is about three Inches from 
tlie bend. A second hole in this stopper should be fitted with a fi-mm. glass tube 
to which the incoming water line may be connected. The outer jacket of the 
condenser is next slipped over the column tube, and then a second stopper is 
slipped down until it completes die assembly of the condenser jacket. The second 
stopper must be fitted with a 6-mm. tube to provide the water outlet. 

The packing support may consist of a glass spiral (Fig. 8-7) 
whidi just fits the inside of the column tube; a similar helix of 
stainless steel wire may often be used. Alternately a piece of 
stainless steel screen of 4 meshes to Uie inch may be formed into 
a shape that just slides into die column. The support is slipped 
into the column from below, indentations are then made at sev- 
eral points around the circumference about 4 inches from the 
lower end, and the support is then gently bumped down into 
place against the indentations. The packing may then be intro- 
duced from the top of the column. The packing should extend 
just to the bend in the column tube. 

The least expensive kind of column can be insulated with a 
piece of $ic.im pipe insulation, prclcrably the magnesia type, but 
any type will be fairly effective. An additional piece of such 
lagging, of larger diameter, should be used to insulate the section 
from the top of the still jxji to the bottom of die column. Some similar .iriaiigc- 
ment of asbestos paper should be used to insulate the flask itself fiom variations 
in room conditions. At least one diermometcr should be imbedded in the insula- 
tion, with the thermometer bulb firmly against die glass. 

Product removal may be achieved by sealing a side arm with stopcock to the 
underside of die column tube just above the bend and just below the condenser. 
This becomes the most fragile part of the apparatus. An alternate (Fig. 8-6) is to 



Fig. 8-7. rack- 
ing Support. 
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• 1 It the bottom side of the column tube ;u the point between the coiulenscv 
iml bend, so that a small pool of product litpiid collects at this point during col- 
umn operation. A line capillary is then passed in from the upper end of the 
column tube and fitted so that the lower end of the capillary will be submerged 
ill the pool of liquid just Irelow the condenser. 'I'he upper end of the capillary 
is passed through one hole of a two hole ridiber stopper which is inserted into 
^ end of the column tube, 'l ive .second hole of this stopper must be open 

The capillary line leads 


the upper 


V/oier In — 


Temperolufe 

Wells^ 

Top of O' 

Packimj i ’ 



Electro -magnet 
— Connected To 
Timer 

r— «- VVoter Out 


— Valve Rod 


Valve Scot 


to die atmosphere, in some cases ihiough a drying lidie 
to a fraction coilectioiv test tube or bottle 
which may be evacuated ;it a controlled 
rate, so that the product is witlidrttwu 
from the product pool through the capil- 
lary and into die collection tube. The.se ^ | ^ 

tubes slionld be easily removable so that 
a new tube can be sulistiuued (ptickly 
when it is desired to start collecting a 
new fraction. 

vertical rod 'j.s inch in diameter, fas- 
tened firmly to the lloor and wall, or 
otherwise firmly secured, should be used 
tosupport the column and llask, by means 
of suimble laboratory clamps. Similar 
rods and clamps should be used to sup- 
port the product sample tubes, and other 
ludliaries. 

It is necessary to be able to estimate 
the tenipenilurc at the top of the ptick- 
iiig. This may he done by ptissiug ;i 
dieniionieter clown from the upper end 
of the column tube until the thermom- 
eter bulb just touches the up[)er sur- 
face of the packing at a point removed from the outside walls of the column 
tube, 

ht most present day apparatu.s, a heating mantle is used to heat the boiling 
and other mantles often .serve to insulate the column projier as well as the 
toiuiecliug section between column and boiler. .Vn ollscl condenser is provided 
(bg. 8-8), and fitted with a redux splitter controlled by a timing device. .-V well 
‘'provided for a thermometer or thermocouple, and other thermocouples provide 
nieans of measuring jacket and still pot tcmpeniture.s. 

- ost analytical distillation can he done .satisfactorily with any of the commonly 
^'liable packings. If the material being distilled is inert to stainless steel, pro- 
^ e metal packiirg is almost iiniver.sally .sati.sfactory as to separating power and 
^^rougiput with freedom from ilooding. If stainless steel cannot lie tolerated. 
■S'® asdvig rings (length c(|nal to diameter, about inch) are satisfactory, or 

o'alb bcliccs with two turns each, may be used. Single turn helices, espe- 

For^'*^ ptone to flooding e.\cept in the hanchs of e.xperts. 

^“uaples, special equipment or suitable commercially available eejuip- 


Product 
Line 

Pi(;. ,S S. Odset (loiKlenscr. 


For 


recommended. 


elistillation, the various joints should be eciuipped with oil seals, 
ai packing should be used unless very slow boilup can be toler- 

’ >e operator is skilled and experienced. 
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INTRODUCTION 

Cluomalogr.iphy has been dciincd as "the study and the utilization ot widely 
applicable, analytical procedures for the resolution of mixtures of solutes by dif- 
ferential migration from a narrow zone in porous media, the migration being pro- 
duced by electrical potential or by flow of liquid or gas." ^ Inherent with this 
definition is the concept of a driving and resistive force, either or both of which 
must act selectively on the solutes if they are to migrate at difTerent rates. Thus, 
if die solvent flow or electrostatic potential gradient ilrivcs all particles uniformly, 
different migration rates must be established by selective resistive forces and vice 
versa. The more common resistive forces are viscosity, permeability, and adsorp- 
tion processes, the latter being one of the most selective phenomena known to 
man, and one which tends to characterize most chromatography pioccdures. 

Technique of C/iromarog»ap/»)).--The technique of chromatography consists, in 
general, of percolating a homogeneous phase containing the sample mixture 
through another phase that is siation.iry and has a very large surface area. In 
practice, the percolating phase is a liquid or a gas, and the stationary phase is a 
column of porous solid adsorbent or a litjuid phase immobilized by being ad- 
sorbed on a suitable solid adsorbent. As the solution percolates througli the bed 
of adsorbent, a dynamic reversible equilibrium involving solute, solvent, and ad- 
sorbent is established. Solute particles compete with solvent particles as they 
strive to occupy die surface of tlic adsorbent; the more strongly the solvent is 
adsorbed, the greater the competition for adsorption of the solute. Hence, the 
solute spends a greater portion of the time in die solution phase and is carried 
along more rapidly by the solvent flow. The dilference in adsorption affinities 
of otherwise similar substances causes die various solutes to migrate through die 
adsorption medium at characteristic rates and results in the separation of solutes. 
The sequence of solute zones, wliich develop in die adsorbent bed or in the ef- 
fluent from die adsorbent bed, is termed a chromatogram. 

Although there are various combinations of percolating and stationary phases 
and driving and resistive forces Uiat can produce a ditlereutial migration of 
solutes, one cannot predict accurately what combination of components will pro- 

1 Strain. H. H., Sato, T. R., and Eiigelke, J., Anal. Cliem., 26, 95. 1954. 
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duce a suitable chromatogram. Chromatography is not on a rational theoretical 
basis yet: the field is empirical, and one must, therefore, rely heavily on experi- 
ence. There is, however, much that is common to all chromatographic proceduies. 

The factors that determine separation efficiency are the same regardless of how 
the migration is produced or what media are used. As in all differential migiation 
method's of separation, the narrower the zone from which migration originates, 
the shorter the distance the solutes must travel to be resolved. Similarly, the 
greater the difference of solute migration rates, the shorter the migration path 
needed for a resolution. Flow rates must be slow enough for equilibriums to be 
established, and solute concentrations must be small because of the limited ad- 
sorbent surface available for adsorption. These concepts should be kept in mind 
when considering chromatographic separations because system variables are usually 
altered to enhance or suppress one of the above factors. 

Methods of Operating a Chromatographic Column.— There are three ways of 
operating a chromatographic column: frontal analysis; displacement analysis; and 
elution analysis. Each method gives some unique information about the sample. 

Frontal Analysis.— This is the simplest form of chromatography, and is best de- 
scribed as the continuous addition of the original sample solution to a column of 
adsorbent. A plot of the concentration of the solutes in the effluent of the column 
as a function of the volume of effluent is given in Fig. 9-1. The results are in- 
terpreted in the following manner. The solute A, with the least affinity for the 


Some Physical 
or Chemical 
Property 



Volume of Effluent 

Fig. 9-1. A Typical Elution Pattern Obtained by Frontal Analysis. 


adsorbent, wdl migrate tlrrough the column rapidly and appear in the effluent 
first. Solute B, wuh a slightly greater adsorption affinity, will appear in the ef 
fluent next. etc. One step will appear in the elution curve for eacTslte tlm 
appears nr the effluent. The column effluent will be a mixture of solutes after 
die second component appears, and will increase in complexity with tire ann! 
mice of eacli new solute until the effluent composition is fdentiLl to dm irX T 
The number of steps in die elution cun^e designates onlv the m' ° "lA^ierit. 
of sample components. Frontal analysis is not effective for 
cause only a limited portion of the least strongly adsorbed Lhrte 
a pure form; it has die advantage, however diL irrever.'M t ? isolated in 
pear in the effluent. irreversibly adsorbed solutes ap- 
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Displacement Analysis.— In this method tlie sample solutes are adsorbed from a 
small volume of sample near the lop of the adsorbent column and washed through 
die column with a solution or solvent having a greater affinity for the adsorbent 
than any of the sample components. As tlte developing solvent flows through die 
column it displaces all of the adsorbed solutes, which in turn displace each other. 
If tile column is long enougli for equilibrium to be approaclied, each component 
will move through the column as a /one of pure material. The least strongly ad- 
sorbed solute will appear in the cfllueiit first, followed by other sample com- 
ponents in the order of increasing adsorption affinity. Finally, the displacing sub- 
stance will appear in the effluent. A typical elution curve for displacement anal- 
ysis is given in Fig, 9-2. Under equilibrium or near equilibrium conditions, all 
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Volume of Effluent 

Fic. 9-2. A Topical Efiidon r.ilicrn Obiaineil b) Displacement Anal)sis. 


solute zones move through the column at the same rate as tlic developer, but they 
are not completely resolved; the trailing edge of one zone will overlap the leading 
edge of the following zone. The method is theoretically limited to reversible ad- 
sorption systems because irreversibly adsorbed components will not appear in the 
effluent. The minimum number of sample components can be determined from 
the number of steps in the curve, and each component can be separated in a pure 
form, but not quantitatively. The medtod can be used Cor quantitative determina- 
tions, however, since only a given amount of solute can be adsorbed per unit 
weight of adsorbent. Thus, as the concentration of a sample component is in- 
creased, the length of the corresponding step in the elution curve Is lengthened 
proportionately. Quantitative determinations are effected by comparing the volume 
of effluent required for the collection of a given component with a scries of stand- 
ard samples. 

Slution Analysis.— This method is distinguished from the other tediniques by 
the fact that the sample components aie adsorbed from a small volume of sample 
solution near the top of the column, and then washed through the column with 
pure solvent. Eacli component will migrate through the column at a characteristic 
rate depending on its adsorption affinity. The result is that complex mixtures can 
conceivably be resolved completely. As in displacement analysis, elution analysis 
is applicable lo reversibly adsorbed components only. Figure 9-3 shows a typical 
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1 • 7 •<- Tf ic nncsihle to determine the minimum num- 

elution curve for ^ curve and to quantitatively resolve all 

ber of ^ qualitative and quantitative tests can be applied to the 

“SuaTeffluent fractions. The greater versatility of elution analysis is respon- 
sible for its being the most widely used form of chromatography. 



Fig. 9-3. A Typical Elution Pattern Obtained by Elution .Analysis. 


The Rf Value.-Onc of the most convenient means of presenting chromato- 
graphic data is to express tlie relative migration rates of the solutes as an Rf value, 
where 

distance traversed by leading edge of the solute zone 
distance traversed by leading edge of the solvent zone 

Rf values are a measure of the interaction of solute, solvent, and adsorbent, and 
are reproducible and characteristic for each solute in a given solvent-adsorbent 
system under specified conditions. The complete description of a chromatogram 
must include tire Rf values of each solute, the description of solvent and adsorbent, 
and the system variables, suclt as temperature, flow' rate, and solute concentrations. 

Recovery of Sample Components.— Resolved sample components can be recov- 
ered in two ways. In . the first method, each solute can be isolated in a single frac- 
tion or in a series of fractions as it appears in the effluent of the column, and then 
recovered by removing tlie solvent. The second method involves mechanically 
dividing the adsorbent column into fractions containing the individual solutes after 
the chromatogram has been developed. The solute can be eluted from the adsorb- 
ent and recovered by elimination of the solvent. The first technique is usually the 
move convenient to use. 

Application of Chrottiatography to Chemical Analysis.— Duo to its remarkable 
selectivity, cliromatography has been used for qualitative and quantitative analysis, 
die resolution of mixtures, and concentration of dilute solutions. Qualitative tests 
are effected eidier by a direct comparison of Rf values for known and unknown 
chromatographed under identical conditions, or by the use of a “mixed chromato- 
gram.” In die former instance, the criterion for solute identification is the de- 
velopment of a cliromatogram identical to the known. In die latter instance the 
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substance to be identified is mixed with pure material thought to be tlte same 
substance. If a single well-defined zone results when the mixture is chromato- 
graphed on two or tliree different adsorbents, tlie identity of the unknown is veri- 
fied. The method is analogous to a mixed melting point determination, and is 
highly reliable. In fact, many researcliers suggest that chromatographic homo- 
geneity, especially in gas cliromatography, is the most infallible criterion of purity 
that can be applied to a substance. A remarkable adjunct to qualitative tests is 
the application of identifying reactions, namely color producing reactions, to the 
developed chromatogram to confirm the presence or absence of a given solute or 
group of solutes. 

Quantitative tests are generally applied to the resolved components only, and 
are more or less the classical quantitative procedures adapted to suit the analysis 
of solutes in the column cfRuent or on die adsorbent. Solutes can be concen- 
trated on active adsorbents from dilute solutions, and recovered in a smaller solu- 
tion volume by eluting the solute from the adsorbent with a more strongly ad- 
sorbed solvent. 

Tile greatest application of cliromatography has been the resolution of complex 
mixtures for subsequent qualitative or quantitative tests or for preparative work. 
Without the isolation by chromatographic procedures of the various plant pig- 
ments. vitamins, viruses, hormones, and metabolism products, it would have been 
impossible for our knowledge in these areas to develop as rapidly as it did. Pos- 
sibly no other separation technique has exerted so great an influence on organic 
chemistry and biochemistry as has chromatography. Chromatography’s influence 
on die field of inorganic chemistry has been much less spectacular but, even so, 
tliere are thousands of publications relating diromatograpliy to inorganic analyses. 

ADSORPTION CHROMATOGRAPHY 

Adsorption chromatography Is cliaracterized by the passage of the sample 
solution through a column of powdered or granular adsorbent. 

Adsor&en^j.— The adsorbents sliould be insoluble and diemically inert under ex- 
perimental conditions, preferably while or light colored, economical, convenient 
to use, and reproducible. Two conllicting factors, particle size and adsorbent sur- 
face area, must be considered. The capacity of a given adsorbent is inherently 
small but directly proportional to tlie surface area of Uie adsorbent and inversely 
proportional to the particle size. Every effort must be made to provide a large 
adsorbing surface but practical considerations make it necessary to use large enough 
partides so that column flow rales are reasonable. The compromise on panicle size 
seems to cover tlie range from 100 to 300 mesh size. Even so, the smaller mesh 
sizes give such slow flow rates that a filter aid is required. Diaiomaceous earths, 
kieselguhr, and certain forms of silica are excellent filter aids. When mixed with a 
stronger adsorbent they act as an inert diluent and increase the porosity of the 
adsorbent bed. Weight ratios as high as l:I are common. 

The common adsorbents are, almost without exception, oxygen-containing or- 
ganic or inorganic compounds, which are hydrophilic and have a high capacity 
for adsorbing water and only a slight tendency to adsorb nonpolar substances. 
The adsorbents are not alike in activity or capacity, but generally, solutes are ad- 
sorbed in the same sequence on different adsorbents. Some of the more common 
adsorbents are listed in Table 9-1 in the order of increasing strength, of adsorp- 
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tion. The relative positions of the adsorbents in the table are for the activated 
forms and can be changed by deactivation. Dehydration and deactivation are 
usually synonymous terms when referring to adsorbents. 


Table 9-1. Common Hydrophilic Adsorbents Listed in Order of Increasing 

Strength of Adsorption 


Sucrose 

Cellulose 

Stai'ch 

Inulin-polysaccharide 
resembling starch 
Magnesium citrate 
Sodium carbonate 
Potassium carbonate 
Calcium carbonate 
Calcium sulfate 


Calcium phosphate 
Magnesium carbonate 
Calcium o.xide 
Silicic acid 
Magnesium silicates 
Charcoal 
Magnesium oxide 
Aluminum oxide 
Fuller’s earth 


Solvents.— The more common solvents are listed in Table 9-2, in the order of in- 
creasing adsorption affinity. There is such a pronounced regularity in the in- 
creasing adsorption affinity of various solvents with increased polarity, that it is 
possible to predict qualitatively the effect of changing the solvent. It is generally 
desirable to introduce the sample to the column in the most nonpolar solvent 
possible so diat the solutes will be concentrated in a narrow zone at the top of 
die adsorbent bed. Then, a switch to a slightly more polar solvent will speed up 
the development of the chromatogram. A common practice used to change solvent 
polarity and eluting power is to add low percentages of alcohol or odier polar 
solvents to a miscible nonpolar solvent such as petroleum ether or benzene. Thus 
one can control the polarity of the solvent to a great extent. The observed ad- 
sorption sequence of common solvents explains why alcohols, water, acids, and 
bases are not usually used as developing solvents for chromatography. They com- 
pete too strongly with the solute for the adsorption site, and tend to displace the 
solute. In effect, these solvents are good displacing solvents for removing all ad- 
sorbed solutes from the column. 


T.^ble 9-2. Order of Increasing Self Adsorption for the More Common Solvents 


Petroleum ether 

Carbon tetrachloride 

Cyclohexane 

Carbon disulfide 

Diethyl ether 

Benzene 

Estei's 


Chloroform 

Dichloroe thane 

Alcohols 

Water 

Pyridine 

Organic acids 

Inorganic acids and bases 


Apparatus.-The essential equipment is indicated in Fio- 9-4 rhf^m.V -,1 i-, ■ 
tu« is ful. of variations on the Lsic desi,.., but modificadons^on^ “ “ n 

changes in the column dtmenstons, receiving vessel, and solvent reservoir The 
ratio of column length to diameter is usually at least as areat 4-i i 'e ^ • 

as great as 100:1. Equipment can be set up for onera ifn?^f t'l, “ 

macro scale. ^ opeiations on either a micro or 
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Columns are usually packed in one ot iwo ways. Granular adsorbents form a 
uniform bed wlien dry packed, if the sides of die column are tapped and a gentle 
vacuum is applied to the efllueiit end of the column while adsorbent is added. 
Beds of finely divided or powdered adsorbents are more conveniently packed by 
pouring a slurry of adsorbent and solvent into the column plugged with a filter 
pad. The liquid level must never be allowed to fall below the top of the ad- 
sorbent bed in any diromatographic operation, as air channels tliat prevent uni- 
form zone development may be produced. 

Zone Detection ,— long as colored components aie chromatographed on light- 
colored adsorbents, zones can be visually detected without difficulty. When color- 
less substances are chromatographed, or when dark-colored adsorbents are used, 
other means of detection are required. The more common detection techniques 
are: (1) observance of fluorescence when solutes are exposed to ultraviolet radia- 
tion; (2) introduction to the sample of a colored component that will be adsorbed 
m the same region as the coloreless component; (3) conversion of solutes to col- 
ored or fluorescent species by brushing or spraying the extruded column, or treat- 
ing the column effluent with a color producing agent; and (4) application of phys- 
ical or chemical tests to the effluent fractions or continuously. Useful properties 
to record are radioactivity, optical density, refractive index, pH, absorption spec- 
tra, dry weight of each fraction, conductivity, dielectric constant, and biological 
activity. Many of tliese techniques aflord a means of quantitative determination 
as well as detection. 
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Applications.-Adsorption chromatography has been applied f 

looL^ condiments, drugs, dyes, i.iks, cosmetics, metabolism 

mixtures, amino acids, viruses, coal and petroleum products, and a host of other 
substances. In fact, applications are so varied that it is virtually inipossible to 
mention all of the areas in which chromatography has been successfully applied. 
Because of this, only a few specific separations will be mentioned to point up the 

effectiveness of the method. ^ 

The separation of alpha and beta carotene, C^^Hgo, is probably as striking an 

illustration of the resolving power of chromatograpliy as there is. These isomers 
are resolved readily with a number of different adsorbent-solvent systems with the 
a-carotene showing the least adsorption affinity. Structurally, the isomers differ 
only in the position of a double bond, yet, they arc readily resolved. 

Gasoline, kerosene and gas-oil fractions can be divided into fractions of paraffins 
and naphthenes, mononuclear species, and mixed aromatics in a single pass through 
a column. Thirty-two of the 36 possible binary mixtures made from the nine basic 
dyes can be resolved. Chromatography is one of the best ways of rapidly con- 
centrating dilute solutions or purifying solvents. Tlie ethanol content of chloro- 
form, for example, can be reduced to less than 0.005% by a slow percolation of 
chloroform solution dtrough an alumina column. Spectroscopically pure solvents, 
such as cyclohexane and normal hydrocarbons, are prepared by a similar tech- 
nique. As much as 0.5 /<g. of nickel has been concentrated on a column of di- 
methylglyoxime in the presence of 5000 times as much cobalt. Numerous chromat- 
ographic scliemes for inorganic analyses have been devised that are every bit as 
sensitive and selective as the more conventional schemes. Homogeneity tests and 
identification tests were outlined in the general discussion. 

Chromatography offers some distinct advantages over more conventional separa- 
tion techniques: the apparatus and tecliniques are simple and adaptable to both 
micro and macro sized samples; labile substances can be resolved at low tempera- 
tures in an inert atmosphere: die procedure is exceedingly selective; and both 
qualitative and quantitative tests can be applied to the resolved solutes. The 
more serious disadvantages comprise the empirical nature of the method, the low 
capacity of adsorbents, and the possibility of isomerization, hydrolysis, neutraliza- 
tion, decomposition, and precipitation of solutes on the adsorbent. Although the 
method is highly empirical, prediction of certain adsorption sequences on the 
basis of solute properties is possible. Adsorption affinities increase with molecular 
weight for members of a homologous series, and with the polarity of molecules 
particularly organic molecules. Table 9-3 gives the order of decreasing adsorption 
affinity for some of the more common organic functional groups. 

Table 9-3. Order of Decreasing Adsorption Affinity of Some Common Organic 

Functional Groups 


(1) Acids and bases 

(2) Hydroxy, amino, thio, and nitro compounds 

(3) Aldehydes, ketones, and esters 


(4) Halogen compounds 

(5) Unsaturated hydrocarbons 

(6) Saturated hydrocarbons 


PARTITION CHROMATOGRAPHY 

Partition chromatography is distinguished from adsorption chromatoffraohv bv 
the use of two solvents. One is fixed on or in tlie adsorbent and tho ^ ^ I 
as the developing solvent. In practice, the adsorbVn^^as 
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pregnated with a solvent that is immiscible widi the developing solvent. As the 
solutes are washed through the column Uiey are partitioned between the two 
solvent phases. If the distribution coefficients of the solutes arc dilfercnt, a dilfer- 
ential migration rate is established, which results in a separation of solutes. Parti- 
tion diromatography can be treated as a pseudo-countercurrent extraction phe- 
nomenon, and solute behavior is predictable from known distribution coefficients. 
The Rj values and distribution coefficients, a, of the solutes arc related by the 
ccjuation 

^ Al + ctA, 

where d, = the cross sectional area of the immobile phase, - the cross sectional 
area of the mobile phase, and 

solute concentration in immobile phase 
solute concentration in mobile phase 

Operating icthnitiucs aie the same as for adsorption cluomaiography; only the 
mechanism for retarding tlie migration of solutes is difTcrent. The adsorbent used 
must not behave as an ordinary adsorbent; it must absorb or adsorb a substantial 
volume of the immobile phase. Table U-4 lists some of the more common adsorb- 
ent-solvent systems used and the type of solutes resolved. 


Table 9-4. Examples of Adsordlnt-solvent Systems Used for Partition 
Chromatography 


Immobile 

Adsorbent Phase Mobile Phase Solute 


Silica gel 

Aniline 

Water 

JSIelhanul, vvaicfi 
HsSO^ 

Cellulose 

Water 

Starch 

Water 

Water 

Kicselguhr 

Methanol and 
water 

Celite 

Aqueous NaOH 

Silica 

Methanolvc NaOH 

Powdered 

rubber 

Butanol 

Hyflo Super Cel 

Silicone 


Isopropyl alcohol 

Paraffins and 

and benzene 

cycloparaffins 

Butanol and 

Amino acids 

chloroform 

Skellysolve B 

Aromatic acids 

Alcohols 

Amino acids 

Organic 

Inorganic species 

Butanol, benzyl, 

Amino acids 

alcohol 

Ligroin-methanol 

C? acids 

Benzene 

Diols 

Iso-octane 

Aliphatic acids 

Aqueous buffers 

Amino acids 

saturated with 
butanol 

Chloroform, Skelly- 

Cs, Ci 2 , fatty acids 


solve S, water, 
methanol 
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-v^PAPER CHROMATOGRAPHY 

The term paper chromatography is reserved for the description of chromaw- 


graphic procedures that employ filter paper as the migration medium. The solu- 
doii to L analyzed is placed or spotted on the paper a short distance from o e 
end and the solvent is evaporated, leaving a restricted deposit of solutes, usually 
less than 0.5 cm. in diameter. The end of the paper is then inserted in a solvent, 
and die solvent flows through die paper by capillary action. Under suitable con- 
ditions the deposited solutes are dissolved and carried from their original position 
by die flow of solvent. Because of the selective adsorption action of the cellulose 
and die elution analysis technique, it is possible to effect a complete lesolution 
of sample components. Cellulose is electronegative in water, is highly poLn, <ind 
has a great afTiiiity for water and other polar solvents. It can act as a reducing 
agent and will reduce such things as permanganate, ferric salts, alkali ferricyanides, 
and dipicrylamines on prolonged contact. Filter paper is used in several different 
ways as a chromatographic medium. The paper can serve as a porous adsorbent 
for adsorption processes, or it can be impregnated with such things as water, 
rubber, high molecular weight alcohols, petroleum jelly, silicones, and various 
fatty derivatives. These substances, being good solvents, can serve as the immo- 
bile phase for a true liquid-liquid partitioning phenomenon. Using a developing 
solvent drat is immiscible with the immobilized phase makes possible the distribu- 
tion of solutes between the two phases. The adsorption properties of cellulose 
can be controlled almost at will by using it as a substrate or support for various 
adsorbents. Alumina, silicic acid, starch, 8-hydroxyquinoline, dimethylglyoxime, 
and various salts can be precipitated in the pores of the paper to give a migration 
medium with the flexibility of paper but the adsorbent characteristics of the pre- 
cipitate. 

■^■Apparahts.— The basic equipment needed for the development of chromato- 
grams on paper is usually available in all laboratories, even those with meager 
supplies. A reasonably airtight container, which will not absorb solvent vapors, 
is essential, since chromatograms or Rj. values are reproducible only if the chro- 
matogram is developed in an atmosphere saturated with the solvent and free of 
drafts. Glass jars, bell jars, test tubes, battery jars, graduated cylinders, hydrome- 
ter jars, specimen tanks, aquariums, clay crocks, and pipes are all usable as the 
chromatographic chamber if they can be provided with a tightly fitting lid. The 
equipment can be made quite compact by simply .sandwiching the paper between 
two glass plates. Figure 9-5 illustrates two versatile laboratory devices for the 
efficient development of paper chromatograms. 

Chromatograms developed in the preceding manner are referred to as one-di- 
mensional because the solutes migrate in only one direction. A simple means of 
enhancing the effectiveness of paper chromatography is to develop a two-dimen- 
sional paper chromatogram. Develop die chromatogram first in one direction- 
remove the paper and evaporate the solvent; rotate the paper through 90“ • and 
develop the chromatogram with a second solvent flowing normal to *^the orio-iinl 
solvent flow. Inasmuch as there is a great probability that adsorption affiidties 
and Rj values for a given solute will be different in different solvents the final 
position of the solutes on the chromatogram is determined by the resultant of the 
forces operating normal to each other. The detection of zones is essentially the 
same as that described in adsorption chromatography. ^ 
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Applications.— Vz'ptv chromatography has proven very effective in resolving mix- 
tures of amino acids, sugars, hydrolysis products, inorganic ions, and pigments. 
The fields of application are great; Urey are limited only by one's imagination and 
the physical limits of the technique. Because it will effectively resolve microgram 
quantities of materials, paper chromatography is widely used in forensic dremistry 
and medicine for the identification and separation of dyes, inks, cosmetics, drugs, 
and natural products, wljere only minute samples are available for analysis. Un- 
fortunately, the procedure is ineffecthe in most preparative work because of the 
severe limitation on sample size. This disadvantage can be overcome, however. 


Poper Support 



Paper Support 
— / 




Filter 

/ 

Developing 

Paper 

Solvent 


Solvent 


Flow 

1 




Ascending Tecnnigue Descending Technique 

Fic. 9-5. Simple Apparatus for Paper Chromaiogiaphy. 


by using special papers several millimeters thick, or by using powdered cellulose 
as the adsorbent in columnar chromatography. The single most distinct advan- 
tage associated with paper chromatogr.iphy is the fact iliat multiple samples can 
be run simultaneously on the same sheet of paper under identical conditions. 


ELECTROCHROMATOGRAPHY 

If charged solutes are spotted on filter paper moistened with an electrolytic so- 
lution, and a potential gradient is established across the paper strip, the solutes 
will migrate through the paper to the cathode or anode according to the sign of 
the charge on the particle. This is electrochiomatography. The flow of solvent 
used as tl\e driving force in conventional paper chromatography has been replaced 
with a potential gradient. Diilerences in solute charge, adsorption affinity, and 
other physico-chemical factors establish diaractcristic migration rates for the so- 
lutes. The method is directly comparable to an elution analysis technique. A 
modification of this technique is a combination of solvent flow and electrostatic 
potential gradients operating normal to one another in the plane of the paper 
to produce a two-dimensional chromatogram. The final position of the solutes is 
then determined by the resultant of the two driving forces. Such a technique 
makes continuous chromatographic separations possible. 
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Abbaratiis.-The simplest experimental technique for electrochromatography 
employs a sheet of filter paper, moistened with an elecU'olyte, and stretched hou- 
zontally between two electrode vessels to which a potential difference is applied. 
The sample is spotted in the center of the strip in much the same manner that 
samples are applied to filter paper in paper chromatography. Solutes can now 
migrate in opposite directions depending on their respective charges. The paper 
strip is then sandwiched between glass plates (see Fig. 9-6) to prevent evaponition 
of solvent and to conduct excessive heat away. To achieve the same effect, the 
entire apparatus may be sealed in an airtight chamber saturated witli solvent. 
Power is supplied from a d.c. source rvliich will deliver up to 1000 v. and 100 ma. 


D.C. Source Milliommeter 



cuiieiit. Electrodes are usually carbon or platinum to prevent sample contamina- 
tion by products of corrosion. 

Continuous separations are possible with more complicated apparatus. Simple 
equipment consists of a sheet of filter paper, moistened with an electrolyte solution, 
and clamped between two glass plates held in a vertical position. Electrodes con- 
tact die paper along each vertical edge. Thus, as sample solution is added con- 
tinuously to die top of the paper, solutes are subjected to two forces, die flow of 
solvent downward, and an electrostatic potential gradient transversely. Each so- 
lute travels a characteristic path, which is the resultant of the chroinato-rraphic 
and electromigratton factors, to the bottom of the paper. Sample componLts 
emerge separated from the lower edge of the paper, and can be coIlectLi con- 
tuiuously. The apparatus is illustrated in Fig. 9-7. 

A discontinuous type of two-dimensional chromatography is possible wifb • 
equipment if the sample is introduced at the too in J possible with this 

dirough the paper by an elution analysirLSSiaue ^-^>«hed 

electrode products do not diffuse into the paper and alte^^die 
supporting electrolyte or developing solvelu For example of the 

cathode may become basic and the reo-ion about tbf> ^ region about the 

course of the electrolysis. ° ‘ ^ ^ anode, acidic, during the 

The detection ot solute zones on paper otter on eleetrochromatographic devel- 
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opment is not significantly dilFerent from tliat in paper chromatography and ad- 
sorption chromatography to warrant discussion here. 

4pp/icflt/on5.— Electrochromatographic sequences serve for the description, com- 
parison, and identification of substances in much the same manner that val- 
ues are used in paper and adsorption chromatography. The few examples of 
specific separations cited here are intended solely to familiarize die reader with 



Fic. 9-7. Paper Electrochromaiograpluc Cell Designed for Continuous Separations. (After 
Strain.) Note ilic divergence of sticams of oppositely charged solutes. 

the possibilities of die technique, since, obviously, it is applicable to the separa- 
tion of charged particles only. Continuous separations have been reported for 
mixtures of: copper and silver; copper and nickel; silver, copper, nickel, and iron; 
aluminum and iron; yiiriuin and cerium; arsenic, antimony, and tin; and many 
others. Discontinuous separations have been effected for mixtures of: silver, mer- 
cury, and lead: iron, cobalt, nickel, and aluminum; die alkali and alkaline earth 
metals; and fission products. 

Electrochromatography has been used for die separation of mixtures of aliphatic 
amines, dyes, hydrolysis products of nucleic acids, proteins, lipides, organic acids, 
monosaccharides, amino acids, and many other substances. Typical of what can 
be achieved in complex mixtures is die ready fractionation of amino acid mix- 
tures into three groups, acidic, neutral, and basic, by the proper selection of pH 
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for tl^e buffered electrolyte medium. Further separations within these ^oups are 
posable by an adjustment of pH and the interplay of electrcstat.c and ad- 

sorptive forces. 


GAS CHROMATOGRAPHY 


Chromatographic procedures involving a mobile gas phase can be classified in 
two distinct types: gas-solid chromatography (G.S.C.); and gas-liquid chromatogra- 
phy (G.L.C.), or gas-liquid partition chromatography (G.L.P.C.), having a nqyit 
as the immobile phase. The liquid is immobilized by adsorption on a suitable 
solid such as fire brick or celite. G.L.C. enjoys a number of advantages over 
G.S.C. The elution bands are narrower and usually symmetrical, in contrast to 
the tailed bands of G.S.C., and one has a wide choice of stationary phases, making 
almost any separation possible. In addition, G.L.C. is amenable to theoietical 
treatment because tlie partitioning phenomenon is better understood than the 
adsorption process occurring in G.S.C. As a result, both practical and theoretical 
advancements in gas chromatography have been made almost e.Kclusively in the 
field of G.L.C. It is worth noting, however, tliat there is very little difference in 
operating techniques and instrumentation for the two methods. 

From its inception there has been considerable confusion in the presentation 
of gas chromatographic data, and much published data has been useless to other 
investigators. A special panel working under the auspices of the Hydrocarbon 
Research Group of the Institute of Petroleum of Great Britain has attempted to 
standardize the reporting of data. The panel's recommendations are described in 
an article by Ambrose, Keulemans, and Purnell.- 

The recommended method of presenting data is to tabulate the values of the 
specific retention volumes, for various solutes or to plot versus the recipro- 
cal of the absolute temperature. These plots are usually straight lines. The re- 
tention volume, of a specific solute is die difference between the volume of 
carrier gas required to move the ma.\imum of the solute zone through the column 
and die volume of die column occupied by the gaseous phase, the volume meas- 
urements being made between the points of sample injection and detector. The 
retention volume, FjjO, is converted to a standard value, by calculating the 
value of the retention volume at standard temperature and pressure per unit 
weight of die solvent. In routine analyses, though, a suitable standard is added 
to the sample mixture and retention volumes are measured in relation to the 
standard. Thus any changes occurring in operating conditions affect standard 
and solutes alike, and relative retention volumes are not changed. This leads to 
the most popular method of reporting data, which is to plot the log of the rela- 
tive retention volumes versus 1/T. In such cases the data should be given for at 
least two temperatures along with the partition coefficient and F for the refer- 
ence or standard solute. ^ 


/mfrumenrntmn.-Space will not permit a detailed discussion here of instru- 
mentation used in gas chromatography but the essential components will be men- 
tioned. Figure 9-8 is a block diagram of a typical gas chromatographic unit The 
earner gas is usually helium but hydrogen, nitrogen, oxygen, carbon dioxide and 
air aie also used. The column is either a glass or metal tube (4 to 8 mm ID'S 
packed ,„th solid adsorbent, aod coated witlt the appropriate nonvolatile solvmt: 


■ Ambrose, D., Keulemans, A. and M., and Purnell, J, 


H., Anal. Chem., 30, 1582, 1958. ' 
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Crushed fire brick (30/50 or 30/60 mesh size) or chromosorb (a diatomaceous 
earth) are the most common adsorbents. Table 9-5 lists the more common solvents 
or substrates used to coat the adsorbent. In most instruments the column and 
detector are thermostaied at temperatures up to 200“C. Liquid samples are gen- 
erally injected with a hypodermic syringe in volumes of 0.1 to 10 /xh. whereas 
gaseous samples are swept from a gas pipet with the carrier gas. Detectors based 
on changes in tltc thermal conductivity, dielectric constant, ionizability, radio- 
activity, and heat of combustion of the effluent gas stream are widely used for the 


Detector Block Somple 



Fig. 9-8. Block Diagram of a Typical Gas Chromatography Unit. 


detection of resoUed solutes. Of these, Uiermal conductivity types are used al- 
most exclusively in commercial instruments. 

A recent significant advance in instrumentation was tlie introduction of capillary 
columns that do not use a packing. The columns are approximately 0.01 inch 
I.D. and 100 to 300 feet long. The walls of the capillary are coated with tire 
nonvolatile solvent. A maximum sample charge of 1 to 2 mg. is permissible. The 
columns can be formed into compact coils, are easily prepared and thermostated, 
and have unusually high separation efficiencies. Analyses are also more rapid 
than with packed columns. 

Applications.— Under a definite set of experimental conditions, the retention 
volume is a characteristic property of a solute, and can be used in its identifica- 
tion in a fashion analogous to tire use of Rf values in adsorption or paper chro- 
matography. A more sophisticated qualitative test for unknowns involves a plot 
of the log of the retention volume of members of a homologous series versus the 
number of carbon atoms. Such plots yield straight lines which are clearly useful 
for tlie identification of unknown compounds in a given class. The resolving 
power of the technique can be exemplified with the following examples. Petroleum 
fractions containing 20 or more constituents in any boiling fraction can be re- 
solved. In the coal tar fraction, boiling up to 218'’C., for example, 52 compounds 
have been separated and identified. Of these, 27 compounds were separated and 
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Tabi^ 9-5. Substrate Materials Used in Gas-Liquid Chromatography and the 
Types of Substances Reported Separated on Each 

Substrate Material Separation 


n-Dodecane 
?j-Octade(iane 
7 i-Decane 
2, 5-Hexanedione 

Acetonylacetone 

Dibutylphthalate 

Squalane 

Di-2-ethylhexyl sebacate 

Aircraft engine oil (Bright Stock) 

Silicone 550 

Dimethylformamide 

Dimethyl sulfolane (Oxydipropionitrile) 

Tri-isobutylene 

Diethylene glycol mono-ethyl ether 

Silicone 550 and stearic acid 
Apiezon L 

Paraffin tvax 
Carbowax 4000 
Dioctyl phthalate 
Dinonyl phthalate 
Tricresyl phosphate 
Silicone 702 
Narcoil 40 
Pol)q)ropylene glycol 

High vacuum silicone grease 
1 -Chloronaphthlene 
Silver nitrate in polyethylene glycol 
Hydrogenated vegetable oil 


Gf, hydrocarbons 
C 7 to Ca hydrocarbons 
Low boiling hydrocarbons 
C 4 hydrocarbons and low boiling hydro- 
carbons 

C 3 to C 5 hydrocarbons and low boiling hy- 
drocarbons, including olefins and di- 
olefins 

General hydrocarbons 
Hydrocarbons 

General hydrocarbons, chlorinated hydro- 
carbons 

High boiling hydrocarbons and general 
separation of high boilers 
Genei'al hydrocarbons and organometallics 
Olefins and acetylenes 
Olefins from paraffins, olefins, pentenes, 
and hexenes 

C 2 and C 3 compounds, including paraffins, 
olefins, and acetylenes 
C 3 to C 5 coumpounds, including olefins 
and diolefins 
Fatty acids 

High boiler, general purpose, esters of 
fatty acids 
Amines 

Amines and water 

General purpose including ketones and 
esters, florinated hydrocarbons 

Separation of polar and nonpolar com- 
pounds 

High boiling compounds 

Isomeric xylenes 

Low boiling olefins 

N-acetyl butyl esters of amino acids 
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identified for the first time by gas chromatography. Tlie technique has been used 
quite successfully to resolve isomers, aldol condensation pioducts, derivatives of 
amino acids, long chain fatty acids, numerous petroleum products, automobile 
exhaust products, air pollutants, volatile food products, metal chlorides, metal 
acetylacetonates, and to identify and determine the extent of alcoholic intoxication 
from the breath. 

Gas chromatography is extremely selective, rapid, and easily adapted to auto- 
matic recoiding and contiol operations. Columns can be used repeatedly without 
repacking, and sample components arc diluted only slightly by the carrier gas. 
Separations are restricteil to readily volatile substances, which are stable at the 
column temperature, and only small quantities of sample can be used, which pre- 
cludes the use of the technique in general preparative work. 
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|In ion exchange, ions of one kind in a solution are replaced by ions of another 
kind, but of similar charge, by contact with an insoluble material called an ion 
exchanger , " 'As a glance at any current journal will show, ion exchange has be- 
come one of the routine tools of the analytical chemist. 

ION EXCHANGING MATERIALS 

Sfn/ctJtre.— The ion exchangers used in analytical work are crosslinked polyelcc- 
trolytes. Usually they are resinous in nature. To many people the term “ion 
exchange resin” and “ion exclianger” are synonymous. However, inorganic ion ex- 
changers have their uses too, and a new class of synthetic inorganic exchangers 
has come into being in recent years. 

Ion exchangers contain ionic functional groups attached to a polymer network. 
The range of possible ionic groups and polymers is very wide, and a great variety 
of materials has been synthesized. For routine analytical use, however, only a 
few of these need be considered. First in importance are tlie resins based on 
crosslinked polystyrene: 


— GH— CH2— CH— CH2— CH— 
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By copolymerizing styrene and divinyl benzene and sulfonating the product, a 
cation exchanger is obtained; by chlormethylating the copolymer and then treating 
with a tertiary amine, anion exchangers are formed. These two types of exchanger 
suffice for most analytical purposes. They are highly ionized in their hydrogen 
and hydroxyl forms, respectively, as well as in ilieir salt forms. 

For certain applications in organic and biochemical analysis (and in prepara* 
live work) weakly acidic or weakly basic ion exdiangers are desired. Typical 
chemical structures that give these properties are shown below: 

OH OH OH 



SO3-H+ SOj-H^ CHz 


b. — CH— CHt-CH— CH j-CH— CHj— 

I 1 

COOH COOH 

— CH— 

e. — CH— CHj— CH— CHr-CH— CH: 



N(CH3): N(CH3): 

CH:— CHsr- NH— 

/ 

d. — NH— CHy-CH:— N 

\ 

CH:— CHz— NH— 

It is obviously possible to have strongly and weakly acidic (or basic) groups in the 
same resin. A special case of a bilunctional cation exchange resin is the sulfonated 
phenolic type (see diagram). Among the many functional groups that can be 
introduced into ion exchange resins are the phosphoric acid group, the sulfhydryl 
group, and the iminodiacetate group, — N(CH2COOH)2. Resins of this last type 
are amphiprolic and have chelating properties. The analytical applications of such 
resins seem to be limited, but have been little explored. 

The new class of inorganic exchangers, mentioned above, is based on the hy- 
drous oxides of die fourth, fiftli and sixtli groups of the periodic system, princi- 
pally, ZrOo, SnO^, V^Oj, PoOj, M0O3 and VVO3. Hydrous zirconium oxide, for 
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example, exhibits amphiprotic properties. It acts as a weakly 
chaneer below pH 6, and as a weakly acidic cation exchanger above this pH. 
zlconium phosphate is naturally more acidic in nature and behaves as a catton 
exchanger over die whole pH range. A hypothetical structure for this m, t 

rial is; 


0 

T 

HO— P— OH 

1 

O 


(— Zr— O— “In 

I 

0 

HO— P— OH 

1 

O 


When fully ionized (above pH 12) this material should have an equivalent weight 
of 75, or an ion exchange capacity of 13 meq. per g., in contrast to sulfonated poly- 
styrene resin with a capacity of 5 meq. per g. 

These exchangers are stable to heat and radiation and are very effective in 
separating ions of the alkali and alkaline earth metal groups.^t- 

Physical and Chemical Properties of Ion Exchange Resins.— Resins based on 
polystyrene are supplied in the form of beads that are almost perfect spheres. 
They are available in any desired mesh size from about 18 mesh (1 mm. diameter, 
measured when wet) down to colloidal size. The size ranges 50 to 100 mesh and 
100 to 200 mesh are best for most analytical work. 

Dry resin beads swell considerably when placed in water. The extent of swell- 
ing is controlled by the crosslinhmg. The clegTce of crosslinking of styrene- 
divinylbenzene copolymers is expressed as die percentage of divinylbenzene used 
in making die polymer. For most practical purposes, 8% crosslinking is best. 
The higher the crosslinking, the more ions are held per unit volume of swollen 
resin, and die greater is the selectivity. On the other hand, the exchange re- 
actions are slower, and the larger ions penetrate extremely slowly or not at all. 
Resins with Ipw crosslinking (4% and less) react faster with large ions but have 
the disadvantage that their volume may change significantly when one eluting 
solution is substituted for another. In exacting chromatographic separations, such 
as the separation of amino acids, this may offset the advantage of greater permea- 
bility.3. “ 


1 Kraus, K. A., Phillips, H. O., Carlson, T. A., and Johnson, J. S., Proc. Second United 
Nations Conference on Peaceful Uses of Atomic Energy. Vol, 28, p. 3, 1958. 

- Amphlett, C. B., ibid., p. 17. 

3 Stein, \V. H., and Moore, S., Cold Spring Harbov Symposia Quant. Biol., 14 179 1949- 

’ m %7 "i954 ”■’ ”■' 

iSee also chapter by P. B. Hamilton, in Calmon, C., and Kressman, T. R E ./Eds') 
Ion Exchangers m Organic and Biochemistry. luterscience Publishers. Inc.. Neiv Yr.rV 
19a7. 

3 Hamilton, P. B., and Anderson, R. A., Anal, Chem., 31, 1504, 1959, 
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Polystyrene-type ion exchange resins have good diemical stability. Sulfonated 
polystyrene cation exchangers are attacked slowly by strong oxidizing agents at 
temperatures above 80°C.; ® at 100", with hydrogen ions as die replaceable cations, 
these resins lose sulfuric acid very slowly, but if die hydrogen ions are replaced 
by sodium ions, the resins are stable up lo 200*C. in presence of water." In other 
words, diese resins are completely resistant to chemical attack under normal oper- 
ating conditions. Anion exchange resins in the salt fonn are stable up to 100® 
and above, but the hjdroxyl forms break down appreciably at temperatures 
above 50® to 60®. 

The bead type resins are amber colored or almost white. Sulfonated polysty- 
rene resins used lo be dark brown colored owing to degradation during the 
sulfonation piocess. They are now available in the "white” grade, actually light 
yellow in color, which is an advantage where colored ions are being exchanged 
and is also a sign of better chemical characteristics. 

Table 10-1 lists a few of tlie resins commercially available. Methods for de- 
termining such cliaracteristics as moisture content, excliange capacity, degree of 
swelling, and acid or basic strength arc described in manuals and reference 
works.8'°'t® 


ION EXCHANGE COLUMNS 

Ion exdiangers are almost aluays used in columns, by flowing a solution through 
a column, the ion exchange reaction, which is intrinsically reversible, can be made 
to go to completion, witliin the limits of analytical detection, in any desired 
direction. 

Description of Column.— A useful form of column is shown in Fig. lO-l. This 
column will hold 10 to 15 ml. of resin (bulk volume); I ml. of column volume 
holds about 2 millicquivalents of sulfonated polystyrene cation exchanger or 1 
milliequivalent of strong base polystyrene type anion exchanger assuming 8% 
crosslinkiiig in eacli case. The resin is supported on a coarse sintered glass plate. 
A plug of glass wool can also be used. The bulb at tiie top of the column is not 
essential, but it is convenient lor holding solution and also for backwashing die 
resin if this should be necessary. 

The size of die column depends on the work in hand. Resin columns can be 
scaled up or down over a very wide size range, and it is* a common error to use 
a larger column than necessary. Tliis requires inconveniently large volumes of 
solutions and therefore wastes time. Witli very small columns one must, of course, 
use fine mesh resins. 

Packing the Column.— The resin in the column must be packed as uniformly 
as possible to avoid "channelling" and ensure flat elution bands. Dry resin should 
never be placed in die column. It must first be stirred widi water in a beaker 
and allowed to remain there for 15 minutes or whatever time is necessary for the 

°Sa!dadze, K. M., and DemonteriL, Z. G., Research in Ion Exchange Chromatography, 
p. 9G. Translated by Consultants Bureau, Inc., New York, 1958. 

' Kraus, K. A., and Raridon, R. J., J. Phys. Client., 63, 1901, 1959. 

8 Kunin, R., Ion Exchange Resins, 2nd ed., John Wilev and Sons, Inc., New York, 1958. 

9 Hclflerich, F., Ion Exchange, John Wiley and Sons, Inc., New York, 1962. 

VO Salmon, J. E., and Hale, D, K., Ion Exchange: A Laboratory .Manual. Academic 
I'less, New York, 1959. 
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Table 10-1. Commercially Available Ion Exchange Resins 


Ex- 


Form 

Functional 

Commercial 

changer 

Chemical Nature 

Group 

Designations “ 

Type 





Cation 

Sulfonated polystyrene, 
strong acid 

Beads 

SO 3 H 

Amberlile IR-120, Dow- 
ex-50, Duolite C-20, 
Permutit Q, Zerolit 





225 

Cation 

Sulfonated phenolic, 

Gel 

SO 3 H Phenolic 

Duolite C-3, Zerolit 215 


strong acid 


OH 

Amberlile IRC-50, 

Cation 

1 

Polyacrylic acid, 

Beads 

COOH ! 

weak acid 

1 

1 

1 

Duolite CS-lUl, 

Zerolit 226 


Anion 

Quaternary ammonium. 

Beads 

CHiNRaOH 

Amberlile IRA-400, 

type 1 , strong base 



Dowe.x-1, Duolite A- 
42, De-Acidite, Zero- 
lit FF 



Anion 

Quaternary ammonium, 

Beads 

CH 2 NR 2 OH 

Amberlite IRA-410, 


type 2 , strong base 


1 

Do\vex-2, Duolite 



CH>CHo 

1 

A-40 




1 

OH 


Anion 

Primaiy, secondary and 

Gel& 

CH 2 NH 2 , etc. 

Amberlite IR-4B, IR-45; 


tertiary amine, 

beads 


Dow'ex-3; Duolite A-7, 


weak base 



A-14; Zerolit G 

Chelating 

Iminodiacetic acid 

Beads 

CHaN 





(CH.COH)-. 

Dowex A-1 


“Manufacturers: Dorcex, Dow Chemical Co,, Midland, Michigan; Amberlile, Rohm and 
Haas Co., Philadelphia; Duolite, Chemical Process Co,, Redwood City, California; Permutit 
and De-Acidite, Pfaudler-Permutit Co., New York; Zerolit, United Water Softeners Ltd., 
London. 


swelling to be completed. One may remove the “fines” by stirring the resin in 
water, letting it settle for a minute or two, decanting, then adding more water 
and repeating the process. Then the resin is stirred with water and immediately 
poured into the column. With mesh sizes of 100 and filter, the rate of settlin'^ is 
sufficiently slow for the larger particles to settle at the bottom of the column and 
the smaller at ilte top without further treatment. For the coarser particle sizes it is 
desirable, after pouring the resin into the column, to “backwash,” i.e., to pass 
water up through the bottom of the column to float the resin in the upper bulb 
Then ilie water flow is stopped and the resin allowed to settle. Naturally the 
column must be as nearly vertical as possible (a visual estimate is sufficient). 
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bound more strongly by die exchanger than B. When this front reaches the. end 
of the column, the concentration of A in the effluent solution rises very quick y 
from near zero to the value in the influent solution. If, on the other hand, ion B 
is more strongly bound by the exchanger than A. the front will become more 

diffuse as it moves down the column. . . , 

The analyst can improve the sharpness of the fronts by raising the concentration 
of ion A. This will be particularly effective if A has a smaller charge -than B. 
so that two or more ions of A displace one of B. 

b. In eludon chromatography the ions, B, being displaced from the column 
constitute only a I’ery small proportion of the ions in the column; A is less stiougly 
bound than B, and the ratio of if to /I is everywhere small, so that the distribu- 
tion ratio, D = (quantity of B in resin) -f- (quantity of B in solution) in a given 
small segment of the column, can be considered a constant. If this is so, then the 
volume of solution that must flow past the band of ions B to move it from one 
end of the column to the other is 

y = DVc 


where Fp = the column volume = the volume of solution retained between the 
resin particles in die column. This simple relation helps to predict the separa- 
tion of ions by elution chromatography. 

c. The more nearly equilibrium is reached in the column, die sharper are the 
elution bands and displacement fronts. The speed of ion exchange depends on 
the rate at which ions can diffuse within die resin, and is governed primarily by 
die rate at which the ions diat are inside the resin granules can move out.i® In 
other words, large ions go into the resin faster than they come out. Elution bands 
can be sharpened by using finer resin particles, higher temperatures, and slower 
floiv rates. 


REPRESENTATIVE ANALYTICAL APPLICATIONS 


Determination of Total Electrolyte in a Solution.— This is probably the sim- 
plest application of ion exchange to chemical analysis. The solution to be ana- 
lyzed is passed through a column of sulfuric acid cation exchange resin in the 
hydrogen form, which is then rinsed widi two or three column volumes of ivater. 
The cations in the solution are replaced by an equivalent amount of hydrogen 
ions; the effluent solution and the rinse are titrated with standard base. 

The commonest use of this technique is to measure the total salt content of 
natural water. Here the displacing cations are mainly calcium and sodium; the 
sodium ions are not strongly absorbed by the resin, and the hydrogen ions of the 
resin should be in at least threefold excess over the cations in the solution. Good 
results are obtained with a 10-ml. column of 50- to 100-mesh sulfonated polysty- 
rene resin, 8% crosslinked, and 25- to 50-ml. samples of waters containing about 
10 mg. per 1. total salts. Two or three such samples may be passed before the 
column needs to be regenerated (which is done by passing hydrochloric acid and 
then rinsing). Two titration procedures may be used: 


f I Soc.. 69, 2866, 1947. 

Bo^d, G. E., and Soldano, B. A., J. Am. Chem. Soc 75 60QI lOtta 
isHelfferich. F., and Plesset. M. S., J. Chem. Physics. 28, 418 1958 



ION EXCHANGE METHODS IN ANALYSIS 


237 


change resin containing exchangeable hydrogen ions. Ferric ions 
^ndfhe solution emer|ing from the column contains all the sulfate with no ca- 
tions but hydrogen ions. Sulfate can be determined in this effluent without inte - 

^^Twell-known procedure based upon this principle is the determination of .sul- 
fur in pYrites.33 The rock is dissolved in a mixture of hydrochloric acid, nitric 
acid, and bromine; this oxidizes sulfur to sulfuric acid. Bromine anti nitric acic 
are then removed by evaporation, and the solution containing feme ions, sulfate 
ions, and chloride ions is passed through a cation exchange resin column. Since 
hydrogen ions are also present, the resin must be in stoichiometric e.xcess ovei the 
ferric and other metal cations, but the excess need not be a large one. The bed 
is rinsed with 2 to 3 column volumes of water. The combined effluent and rinse 
can either be analyzed gravimetrically or be made to known volume, aliquots can 
be titrated with standard base and silver nitrate, and the sulfate determined by 
the difference between the total acidity and the chloride. 

Similar procedures have been described for determining phosphate in phos- 
phate rocker and arsenate in insecticide powders.^^ Caution is needed, however, 
since some of die phosphate may be retained as a positively charged ferric phos- 
phate complex ion on the cation exchanger. 

Sulfate can be titrated with barium chloride (or, better, perchlorate) in 40% 
alcohol using an adsorption indicator such as Alizarin Red S or “Thorin.” 
Most cations interfere by coprecipitation, and the solution to be analyzed is there- 
fore first passed through a cation exchange resin in the hydrogen form. A vari- 
ant on this method uses lead nitrate as titrant and dithizone as indicator, again 
with preliminary ion exchange treatment.^^ 

Many similar examples could be cited, but a noteworthy example of the pre- 
liminar)' removal of interfering cations before determining anions is in tlie photo- 
metric determination of SO 4 =, PO^-3, F-, and Cl- by their reaction with spar- 
ingly soluble salts of chloranilic acid.-'^ 

Separations Through Complex Ions.— An effective way to separate metals is to 
combine ion exchange with complex ion formation. If conditions exist where one 
metal forms a cation in solution while another forms an anion, and the various 
eqviilibria are favorable, these metals can be separated by ion exchange. 

Anion Exchange in Hydrochloric Acid.— The best way to do this is by anion 
exchange in hydrochloric acid solutions. Most metals form anionic chloride com- 
plexes, and between different metals there are wide differences in tlie stabilities 
of these complexes and their ease of attachment to anion exchange resins. The 
most stable complexes are absorbed by anion exchangers from dilute hydrochloric 
acid; the least stable complexes are absorbed from concentrated hydrochloric acid 
or not at all. By absorbing a group of metal ions from concentrated acid and 
eluting with successively more dilute acid it is possible to separate many metals.s'J. 

33 Whiteker, R. A., and Swift, E. H., Anal. Chem., 26, 1602, 1954. 

31 Helrich, K., and Rieman, AV., HI, Ind. Eng. Chem., .Anal. Ed., 19, 651 1947. 

35 Odencrantz, J. T., and Rieman, W., Ill, Anal. Chem., 22, 1066, 1950 ’ 

30 Fritz, J. S., and Freeland, M. Q., Anal. Chem., 26, 1593, 1954 
3r White, D. C.. Mikrochim. Acta, 1960, 282. 

^^.Js^Bertolacini, R. J., and Barney, J. E., Anal. Chem., 29, 281, 1187, 1957; ibid., 30, 202, 

TT-!! Nelson, F., Proc. First United Nations Conference on Peaceful 

Uses of Atomic Energy, Vol. 7, p. 113, 1955; Chap. 23 in Hamer, W. T. (Edl The S 
Uiie ot Electrolytic Solutions, John -Wiley and Sons. Inc., New York 1959 
wjeutzsch, D.. Z. anal. Chem., 152, 134, 1956; 150, 241, 1956 and’earlSr papers 
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To illustrate the technique, cobalt, nickel, and iron,(lU) can be separated as 
follows. Prepare a solution containing 1 millimole each of FeCL, C 0 CI 2 and NICE 
in 20 ml. 9 N HCl, and a resin column as illustrated in Fig. 10-3, containing 10 
to 12 ml. of type 1 quaternary amine resin, 100 to 200 mesh. It is very important 
that the resin be waslied free of soluble oiganic impurities. Wash the column 
wit^l 9 N HCl; then pour the solution to be analyzed on top of the column and 
let it flow in slowly. Nickel is not absorbed and soon appears in the effluent. 

Rinse with about 20 ml. 9 N HCl to recover all 
the nickel, then change the receiver. 

Now pass 4 N HCl. This displaces the cobalt. 
The color of the effluent will show when this has 
been washed out. To displace the iron, pass 
0-1 N HCl. The metals in the effluents can 
be deicnnjned in various ways, titration with 
EDTA being one of the best. 

Kraus and Nelson 39 Jiave expressed their data 
in the form of graphs of distribution coefficients 
against hydrochloric acid concentration for 
many elements. Examples of such curves are 
given in Fig. 10-2. It will be noted that there 
is an optimum chloride concentration for maxi* 
mum absorption. Raising the chloride concen- 
tration stabilizes the complex ions at first but 
then competes with these ions for the excliaiige 
sites of the resin. 

The data may briefly be summarized as follows: 

Metals not absorbed: alkali and alkaline earth metals: Al, Y, rare earths, Ac; Tli; 
Ni. 

Metals weakly absorbed (D < 10): Sc. Ti(IlI), V(1V), Cr(Ill), Mn, T1(I). 

Metals moderately absorbed (D < 100): Ti(lV). Fc(ll), Co. Cu(n). Ge, As, Se. Mo. 
Rh(lH), In, W(VI), Ir(ni). Pb. 

Metals strongly absorbed (D > 100): V(V), Cr(VI), Fe(III). Cu(I), Zn, Ga, Zr. Ru, 
RIi(lV). Pd, Ag. Cd. Sn(lV). Sb. Te(lV), Re. Os. Ir(lV), Pt(lV). Au, Hg. 
TKUl), Bi, Po, U^Vl). 

With the help of such data many useful separations have been worked out. For 
example, Ni, Cu, Zn and Cd in silver solder are separated by hydrochloric acid 
elution and titrated with EDTA,<> small quantities of thorium are separated from 
uranium and much bismuth in analyzing nuclear fuels,** and a scheme for silicate 
rock analysis has been devised using anion and cation exchange resins.*® The 
separations are clean and rapid, and are useful in separating small amounts of short- 
lived radioactive elements from cyclotron targets. 

^Anion Exchange in Presence of Other Ligands.— Anionic complexes of metals 
formed with other ligands can obviously be used for separations by anion ex- 
change. Fluoride complexes can be used, and anion exchange separations in 
mixed HCl-HF solutions have been explored; ** these have advantages for elements 
*1 Jones, S. L., Anal. Chim. Acta. 21, 532, 1939. 

*2 Milner, G. W. C., and Nunn, J. H.. Anal. Chim. Acta. 17, 494, 1957. 

*3 Voshimura, J., and Waki, H., Japan Anahst, G, 362, 1957; Anal. Abstracts, 5, 1871, 
1958. ; . . 

** Nelson, F., Rush, R. M., and Kraus. K. A.. J. Am. Chem. Soc., 82, 339, 1960. 
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of .groups 4 and 5. The sulfate complex of uranium(VI) may be absorbed se- 
lectively by anion exchangers for analysis just as it is in the refining of ura- 
nium ores, and the acetate complex has been used to concentrate traces of U(VI) 
for o-eochemical analysis.'^® Many similar applications could be cited. 

Cation Exchange.-lt is just as logical, a priori, to use cation exchangers for 
separations based on differential complex formation as to use anion exchangers. 
Yet cation exchange is not as selective, and the separations are not as clean not 
as versatile as those by anion e.xchange. An example of cation separation based 
on differential stability of chloride complexes is the successive elution of Fe(IIl), 
Zr and Th from a cation exchange resin column by 1 Af HCl, 4 M HCl and EDTA, 
respectively.^’’^® Citrate solutions have been used to elute metals selectively,^® 
and so have EDTA solutions of graded pH.®® Both citrate and EDTA eluants 
have the disadvantage that, before die metal that has been removed from the 
column can be analytically determined, the excess of organic compound must be 
destroyed. Hydrochloric acid solutions, on the other hand, can simply be evapo- 
rated if the excess of acid interferes in the analysis. 

Elution Chromatography.— Two ionic species having charges of the same sign 
can be separated by ion exchange if one is more strongly bound by the exchanger 
than the other. Two factors enter here: the selectivity of the exchanger itself and 
the various ionic equilibria in the solution. The separations discussed in the last 
section were examples of elution chromatography; complexing agents are often 
used as eluants. 

I^In the elution technique a small amount of the mixture to be separated is ab- 
sorbed at the top of an ion exchange column. An eluting solution is then passed 
wliiclt displaces the ions down the column at differing speeds. Eacli species moves 
down the column as a gradually broadening band, and, if the column is long 
enough, the bands become separated so that each species emerges in practically 
pure form, except, of course, for the accompanying eluant. To obtain separate 
bands it is necessary for the eluting ions to be less strongly bound than the ions 
being displaced; i.e., D ^ I (see p. 235). J ^ 

The solution leaving the column is generally collected in many successive small 
fractions by mealis of an automatic fraction collector (Fig. 10-3). Each isTKeiraiia- 
lyzed, and the concentrations of the elutecl species are plotted, against the volume 
to’ give graphs such as the one shown in Fig. JO-4. In tlie ideal case of a perfecdY 
packed column, infinitesimal amounts of eliued' ions and complete attainment of 
equilibrium within each “theoretical plate,” the graphs would be symmetrical and 
follow the Gauss error function. In actual practice they are liable to be lopsided 
and show JailingJ especially if the amount of material is not small conijaared to 
die capacity of die column. “Tailing” can be reduced by increasing the cUspItTc- 
ing power of the eluant-for example, by raising its concentration or changing its 
pH, after the peak of the, band is passed. lit’^gracUent eludon" the eluaht com- 
Position is changed continuously as the run proceeds, giving better spacin<r pf the 
and. more uniform bands. The gradient technique^h'as been 


^5 Fisher, S., and Kunin, R., Anal. Chem., 29, 400, 1957. 

^ Eorkisch, J., Patzak, R., and Thiard, A., Mikrochim. Acta 1956 n 
n Stielow, F. W. E., Anal. Chem., 31, 1201. 1959; ibid., 32, 363 1185 I960 
isSamedy, S. R., Thesis, University of Colorado, 1958. 

and Rienian, \V., HI, J. Am. Chem. Soc., 74, l^yg igito 
I'l'Uz, J. S., and Ihnbreit, G. R., Anal. Chiin. Acta, 19, 509, 1958.' 
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applied to separation o£ the amino acids ^ 

— -The"sepafatfdh' of by ion exchange elution is one of the major 

triumphs of inorganic chemistry in recent years.’^s Citrate, lactate, or EDTA solu- 
tions are used for elution, and the process is really one of differential complex 
formation inasmuch as the resin has little selectivity in itself. Other examples of 
ion exchange elution chromatography in inorganic chemistry are the separation 
of die alkali and alkaline earth metals and the halide ions.=« These do not in- 
volve complex ion formation. For the separation of potassium, rubidium, and 
cesium or of calcium, strontium, barium, and radium from one another, ion ex- 
diange is by far the most useful method, and the most selective exchangers are 
inoi'^anic ones; zirconium phosphate exchanger, rvith ammonium chloride as the 
eluant, is excellent for separating the alkali metals, whereas zirconium molybdate 



Fig. 10-1. Idealized Elution Curve for Separation of Two Components. 


is excellent for separating the alkaline earth ions.s' The method is tipplicable to 
short-lived radioactive isotopes.**® 

Because the binding to an exchanger is stronger, the higher the charge on the 
ions, it is easy to separate the alkali metals as a group from the alkaline earth 
metals.**" In silicate rock analysis the metals sodium and potassium are easily sepa- 
rated from other constituents and from each other."’** Separations of groups of cat- 
ions based on tlieir charge have been proposed,'”* and special applications suggest 
themselves, such as the separation of orthophosphate, pyrophosphate, and con- 
densed phosphate ions by anion exchange.®*- 

The major analytical use of ion exchange elution chromatography is in the bio- 
chemical field. Amino acid mixtures are routinely analyzed by elution from cat- 
ion exchange resin columns, and standardized, automatic equipment for tlie pur- 


51 .\lm, R., tVilliams. R. J. P., and Tirelius, .*\cta Chem. Scand., 6, 826, 1952. 

**2 Williams, R. J. P., Analyst, 77, 905, 1952. 

53 Freiling, E. C., J. Am. Chem. Soc.. 77, 2067, 1955. 
siNevvik, W., J. Phys. Chem., 59, 690, 1955. 

^ Machod (Ed.), Ion Exchange, Academic Press, New 

1 J'lJ, 


^i-De Geiso, R; C., Rieman, W., Ill, and Lindenbaum, S., .‘Vnal. Chem., 26, 18-10 195-1. 
“‘ Kraus, K. A., Phillips, H. O., Carlson, T. A„ and Johnson, J. S., Proc. Second United 
Nations Conference on Peaceful Uses of Atomic Energy. Vol. 28, p. 3, 1958; Amphlett, C. B., 

Antl!^rbst'racfs; t 2^I09^Tm’ 2325, 1957; 

5!* Reichen, L. e’., Anal. Chem., 30, 1948, 1958. 

«o Fritz, J. S., and Karraker, S. K., Anal. Chem., 31, 921, 1959. 

Lindenbaum, S., Peters, T. V., and Rieman. W., Ill, Anal. Chim. Acta, 11, 530, 1954 
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pose is now available. The techniques have been developed by Moore and Stein '‘~ 
and Hamilton and Anderson.^ ^lumus about 100 cm. long, containing some 
150 milliequivalents of resin, will separate some 75 micromoles of a mixture of 
25 amino acids, and up to 50 components can be separated if necessary. The 
columns are water-jacketed for temperature control; the temperature is about 
aO^C. and is raised in stages during tltc elution. The resin is a sulfonated poly- 
styrene of particle diameter about 40 mitroiis, and the more uniform the par- 
ticles, the sharper are the bands and the faster the permissible flow rate.’’* The 
eluant is a citrate buffer whose pH is raised in steps during the elution from about 
3.0 to 5.0. 

Peptides,'*® nucleic acid derivatives, fruit acids and even carbohydrates 
can be separated by ion exchange chromatography. Carbohydrates may be sep- 
arated by forming their negatively charged borate complexes and separating these 
on an anion exchanger. Even uncharged species, however, can be separated on 
columns of ion exchange resins, since attractive forces operate in addition to the 
purely electrostatic forces.®* Some of the separations of organic compounds that 
have been performed by ion exchange arc better made by vapor phase dvromatog- 
raphy, but, in general, ion exchange and vapor phase diromaiography complement 
one anoUier. It is precisely those compounds that do not respond to vapor phase 
chromatography that are best suited to ion exchange separation. 

M Stein, ^V. 'H., and Moore, S.. Cold Spring Harlwr Symposia Quant. Biol., 14, 179, 
1949, Moore, S., and Stem. \V. H., j. Biot. Chevn., 192, 663. 1951; Moovc, S., and Stem, 
H., ibid., 211, 893, 907, 1954 Sec .ilso chapter by P. B. Hamillon, in Calmon, C., 
and Kressliian, T R. E. (Eds.), Ion Exchangers in Oigantc >nul Biochcmistiy, Intersdence 
Publisheri, Inc., New 'I oik, 1957. 

Hainllton, P It , and Andeisoii, R. A , .\nal. Chcin., 3), 1504, 19.')9. 

8* Hamilton, P B., Anal Chem., 30, 914, 1958. 

88Schroeder. W A., in Calmon, C.. and Kressman, T. R. E. (Eds.), Ion Evchangers in 
Organic and Biochemisirv, Interscicncc Publishers, Inc., New York, 1957. 

8«Cohn, E. 1 Am Chcin Soc., 72, 1471, 28M, 1950. also see Calmon, C, and 
KressniJii, T. R. E. (Eds), Ion Exchangers m Organic and Biochemistry, Iiucrscience 
Publishers, Inc . New 5ork. 1957. 

«■ Schlenker, H H. and Rieman, W.. III. Anal. Chem., 25, 1637, 1953. 

esKhvm, J X, and /ill, L. P, |. Am Clicni. Soc., 73, 2399. 1951; 74, 2090, 1952, also 
see Calmon, C., and Kressman, T. R E. (Eds), Ion Exchangers in Oiganic and Biochem- 
istry, liuerscience Publishers. Inc., New Sork, 1957. 

6«Sherma, J., and Rieman, W.. Ill, Anal. Chim. Acta, 18, 214. 1958; 19, 134, 1958; 
20, 357, 1959. 
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1. Gelatinous precipitates cannot be filtered. 

2. Precipitates that cannot easily be dissolved out o£ the crucible sometimes can- 
not be filtered advantageously. 

3. The crucibles, ni the case o£ sintered glass crucibles, cannot be used at the 
elevated temperatures required for the ignition. 

4. If the ignited residue required further treatment with a liquid reagent, a filter 
crucible may not be suitable. 

For most filterable aiialyticjl precipitates, the use of filter crucibles, whether of 
sintered glass or sintered porcelain, is to be preferred over that of filter paper. For 
low-temperature application (under 400*C.), the sintered glass crucibles may be 
employed; for temperatures up to 1000*C„ the sijitered porcelain crucibles may be 
safely used. Gooch crucibles, owing to the difficulty in preparing the asbestos ffiter 
mat and drying to constant weight, are less preferred than the filter crucibles. How- 
ever, for some determinations, tliey are perfectly satisfactory. 

The precipitate and supernatant liquid arc transferred to either a filter paper 
or filter crucible. This is done by first carefully decanting the supernatant liquid, 
taking care not to disturb the precipitate at tlie bottom of the beaker. The pre- 
cipitate can then be wasiicd, using a suitable wash liquid, by decantation, or 
transferred to Ute filtering device using as transfer aids a rubber policeman and a 
stream of wash liquid from a wash bottle. The nature of ilie precipitate determines 
whether or not it can be washed by decantation. Little advantage is obtained if 
the precipitate is composed of large crystalline particles. However, gelatinous pre- 
cipitates which are difficult to filter may sometimes be waslied free from soluble 
salts by this method. Of course the final washing is to be carried out on the filter. 

The )V(ifh Liquid.— The clioice of wash liquid employed depends upon the 
nature of the precipitate. Such factors as the solubility of the precipitate in 
water, the solubility of the conuminaiing substance in water, the peptizability of 
the precipitate, and so on, will deicnnlne the composition of the wash liquid to 
be used. 

If the precipitate is sligluly soluble in water— and all are to a certain extent— a 
wash liquid sliould be employed which coiuaius a cation or auioii in common with 
tlie precipitate; i.e., the common-ion clfect. Preferably, tlie substance added to 
the wash liquid should be ammonia, an aminoniuin salt, or an acid, because traces 
of these compounds remaining on the precipiutc are easily volatilized during the 
ignition process and hence do not contaminate the final weighing form of the 
precipitate. An example of Uie use of such compounds in the tvash liquids is 
dilute ammonium oxalate in the washing of calcium oxalate. Other examples, not 
employing the common-ioii effect but necessary because the precipitates are too 
soluble to be washed in water or are easily hydrolyzed, are the use of dilute nitric 
acid to wash the silver halides and dilute ammonia to wash magnesium ammonium 
phosphate. 

For precipitates containing a water-insoluble contaminate, such as an organic 
chelating agent used to precipitate an insoluble metal clielate, organic solvents 
may he employed. Such solvents as alcohol, acetone, ether, and otliers, are em- 
ployed either as the pure solvent or mixed witli water. In some cases, an acid is 
also added to the organic solvent-water mixture. 

Perhaps the most difficult precipitates to wash are those that are gelatinous or 
are easily peptized. The wash liquid for tliesc precipitates should contain an elec- 
trolyte, preferably an easily volatilized compound, such as ammonia, an ammo- 
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Ilium salt or an acid. The type of electrolyte employed is immaterial as long 
as it does not alter the nature of the precipitate, either during the washing oi ry- 
ino- process. Hydrous iron(III) oxide should be washed witli an ammonium nitra^ 
sohuion rather dian ammonium chloride because the latter compound would form 
slightly volatile iron(III) chloride during die ignition process. Nonvolatile elec- 
trolytes would be unsuitable. r i j „ „ 

Whenever possible, the wash liquid should be used hot because of the decrease 

in viscosity of liquids at elevated temperatures resulting in more rapid hltration 
and also the increased solubility of the contaminants in hot solutions. However, 
inasmucli as the solubility of the precipitate also increa.scs in hot solutions, cold 
wash liquids may have to be employed. 

Several small portions of a wash liquid are better than a large one of the same 
volume. This is shown by the distribution law where the weight (in grams) of 
foreign substance in the solution adhering to the precipitate after washing, W„, is 
equal to: - 




where v is the volume (in milliliters) of liquid remaining with the precipitate after 
draining: V is the volume of wash liquid added each time; C„ is the concentration 
(in grams per milliliter) of soluble substances in the original solution; and n is the 
number of washings. The above expression was derived on the assumption that die 
foreign compound was simply mechanically associated with the precipitate. This 
is not always the case because of adsorption on the precipitate or isolation of the 
contaminant into the interior of the precipitate where it is not in contact with the 
wash liquid. As a general rule, six to ten washings are sufficient for most precipi- 
tates. If possible, die filtrate should be tested for the foreign substance after the 
last washing to determine if it is completely removed. 


DRYING AND IGNITION OF PRECIPITATES 

To be useful for the analytical procedure, the precipitate, after proper washing 
should be converted into a suitable weighing form either by drying or ifuiition 
at elevated temperatures. The temperature limits for these processed will depend 
largely on the nature of the precipitate. Some precipitates, such as the aluminum 
8-quinolinol chelate, may be eidier weighed after drying at 100° to 110°C,3 or io- 
nited to aluminum oxide at 1000°C.< Still other precipitates, such as calcium 
oxalate, may be ignited and weighed either as calcium carbonate or as calcium ox 
ide; die choice is up to the analyst. Some precipitates are of a nonstoichiometric 
imposition and must be converted to a stoichiometric compound by io-nition 
The drying temperatures may vary from room temperature in a vacuum desiccator’ 
such as is described for calcium picrolonate.s up to 200° to 300°C Tcyni’iJnn’ 
temperatures up to 1200°C. or higher may be required for certain precipimtes 
2 Ibid., p. 255. 

^ R, C, W., Oxi,« i,s De.ivx.ivex, Vol. I, 

p.'lKss': ' Therm„gn.vime.,ic Ai.alysis, Elsevier Publishing Co., A.us.erclam 

5 Ibid., p. 159. 
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Methods of Heating.— Jl a choice is possible, drying in an electric oven contain- 
ing a thermostat to maintain a a>nstant temperature, or ignition in an electric 
muffle furnace, also thermostatically controlled, is preferred over that of open- 
burner flames or gas-heated equipment. The uncertainty in the temperatures 
attained as well as the lack of temperature control using gas flames is adequate 
reason to prefer electrical devices. If gas flames are to be used, the approximate 
temperatures attained by them are as follows: ® 


Burner “ 

Crucible 

Tempera- 
ture, ®C. 

Bunsen 

Covered platinum 

900-1050 

TirriU 

Covered platinum 

1050-1150 

Mekcr 

Covered platinum 

1150-1250 

Blast 

Covered platinum 

1100-1300 

Tirrill 

Covered porcelain in radiator 

700 

Meker 

Covered porcelain in radiator 

725-800 

Blast 

Covered porcelain in radiator 

900 


^ Based on temperatures which were obtained with carbureted water gas having a heating 
value of 600 Btu per cu. ft. 

As can be seen, the use of platinum crucibles for high-temperature flame igni- 
tions is to be preferred over those made from porcelain, because of the higher tem- 
peratures attainable. However, diis is not the case whe/i tJiey are used in an 
electric muffle furnace. It might be advatiugeous in tlte case of the latter to use 
porcelain crucibles for the ignition process because of tlte attack of platinum by 
various substances. It should also be emphasized that there is an appreciable loss 
in weight of platinum crucibles when heated for long periods above 1000‘C. If 
used under these conditions, the weight change of an identical empty crucible 
should be determined under the conditions of die ignition. 

It is permissible to ignite precipitates in filter paper provided that certain pre- 
cautions are followed. Precipitates Uiut arc reduced by charred paper, such as 
lead sulfate to lead sulfide, and certain arsenates to volatile arsenic, should pref- 
erably be ignited in sintered porcelain crucibles. In some cases, however, the 
reduced part of the precipitate is oxidized back to its initial state by further heat- 
ing at elevated temperatures in the presence of an air or oxygen atmosphere. 

To ignite a precipitate contained on a paper filter, the paper and its contents are 
removed from the funnel, folded, and placed into die crucible. It is not recom- 
mended that the filler paper and contents be first dried in an electric oven at 
lOO'C. before ignition because of the danger of precipitate loss when the dried 
paper is folded and placed into the crucible. However, this may be necessary in 
the case of certain li)drous oxides that contain large amounts of water. The cru- 
cible is dien set in a vertical position on a triangle on a ring stand and heated with 
a burner using a small flame. The crucible should be loosely covered, care being 
taken that the contents do not spatter. After all of die moisture has been removed, 
the burner flame is increased to carbonize the paper. By no means should the 
paper be allowed to burst into flame. After the paper has been completely 

cHillebrand, W. F.. Lunclell, G. E. F, Bright, H. A., and Hoffman, J. I., Applied In- 
organic Anal)sis, John ^VUey and Sons, New Yoik, p. 107, 1953. 
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diarred tlie crucible is placed at a 45“ angle to the triangle, the cover positioned 
^Xt the contents have access to air, and the crucible heated to red-heat to burn 
off the carbon. The crucible is then placed in a vertical position, covered, and 
io-nited to tire desired temperature for about 30 minutes. The exact final igni ion 
period will depend on lire clraracter of the percipitate. It should be remembered 
that tire atmosphere inside the crucible is not necessarily air but a mixture of nitro- 
o-en, water vapor, and combustion products. These gases limit the oxidation 
processes as well as elevate the dehydration and decomposition temperatures of cer- 
tain hydrates and metal carbonates. Thus, longer ignition periods are generally 
preferred. The flame should not completely envelope the crucible, especially 
when readily reducible substances such as tin oxide are present. After the crucible 
has been ignited, it is allowed to cool slightly (to below red-heat) and then placed 
in a desiccator, over a suitable desiccant, to cool to room temperature. Geneially, 
a cooling period of 30 minutes is satisfactory, although in cases where the residue 
is hygroscopic, a shorter period is more desirable. 

A similar ignition process may be followed if an electric muffle furnace is to be 
used. After the carbon is burned off, the coveied crucible is plated into a furnace 
and ignited to the desired ignition temperature. 

If sintered procelain crucibles are employed, the precipitates may be dried or ig- 
nited to any temperature up to about 1200°C. If the precipitate contains organic 
matter, and is to be ignited to a fairly high temperature, the crucible and con- 
tents should first be pre-ignited with a small burner flame to carbonize the con- 
tents. It is then ignited to the desired temperature as given above. 

The drying and ignition temperatures of a precipitate are vitally important. 
The commonly used expression “ignite at red-heat” is inadequate in view of the 
advent of the modern automatic recording thermobalance, which can be used to 
define precisely the thermal stability of a precipitate. Indeed, any new analytical 
precipitate should be subjected to thermogravimetric examination to establish its 
diermal stability in regard to drying and ignition temperatures. Therraogravi- 
metric examination may also reveal the presence of suitable intermediate weighing 
forms which would not be observable under normal procedures. In other cases, 
slight changes in the composition of a precipitate’s weighing form are dependent 
on the temperature; hence, precise temperature control is required to obtain the 
required weighing form stoidiiometry. 

Theimal Stability of Precipitates . — The tliermal stability of approximately 1000 
well-known precipitates has been determined by Duval and co-workers’ and 
others.^ Some precaution should be exercised concerning tlie temperature limits 
since these were determined under nonequilibrium conditions and are dependent 
on the furnace heating rate, sample size, sample particle size, furnace atmosphere 
etc.'-> The precipitate should not be dried or ignited at the extreme end of the 

thei-mal stability plateau but a temperature somewhere near the center of the 
plateau should be used. 

The thermal stability of a number of precipitates are given in Table 11-1 
p. iS'Ss®- "emogravimetric Analysis, Else.ie, Publishing Co., Amsterdam, 

58, eE'iffisrsi',’ 408, 'I'm”*"’ '*^1 2*. ■193. 1001, 1956; 29. 800, 1957; 30, 

9 Newkirk, A. E., Anal. Chem., 32, 1558, 1960. 
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Table Il-l. The Thermal Stability of Certain Analytical Precipitates l s 


Element 

Precipitated by 

Composition of 
Weighing Form 

Thermal 
Stability 
Range, °C. 


Electrolysis 

Ag 

<950 


HCl 

AgCI 

70-600 


HBr 

AgBr 

70-946 


KjGrOi 

Ag2Cr04 

92-812 

A1 

. Gaseous NHj 

AI 2 O} 

>475 


8 -Quinolinol 1 

A1(C9H6NO)s 

102-220 


Bromine 

AljOj 

>280 


NajHPO^ 

A1P04 

>743 

As 

HaS 

AS 2 S 3 

200-275 


Ca++ 

CaaAsaOr 

350-946 



PbHAs 04 

81-269 

Au 

Pyrogallol 

Au 

20-957 


1 Thiophenol 

C*HsSAu 

<157 


Thiophenol 

Au 

187-972 

B 

Boric acid 

BaOj 

443-946 


K+ 

KBF 4 

50-410 


' Nitron 

CMeNfHBFi 

50-197 

Ba 

HaSO^ 

BaS 04 

780-1100 


(NHJiOOi 

BaO 

400-813 


KaCrO^ 

BaCr 04 

<60 

Be 

Aqueous NHj 

BeO 

>900 


HaSOi 

BcbU4 

346-679 


NaaHPOi 


640-951 

Bi 

Formaldehyde 

Bi 

73-150 


(NH,),HPO, 

BiP04 

379-961 


H 3 ASO 4 

BiAs 04 

47-400 

Br 

Ag+ 

AgBr 

70-946 

C 

Ag+ 

AgCN 

93-237 


Cu++ 

CU 2 (SCN )2 

103-298 


Ag+ 

Ag,[Fe(CN) 6 l 

60-229 

Ca 

H 2 C 2 O 4 

CaC204 

226-398 


HaCaO* 

CaCOj 

478-635 


H 2 C 2 O 4 

CaO 

838-1025 


H 2 SO 4 

GaS04 

105-890 


Iodic acid 

Ca(IOa)i, 

106-540 


Na 2 HAs 04 

CajAssO; 

350-946 
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Table 11-1. (Continued) 


Element 

Precipitated by 

Composition of 
Weighing Form 

Thermal 
Stability 
Range, °C. 

Cd 

KOH 

CdO 

371-880 


HaS 

GdS 

218-420 


8 -Quinolinol 

Cd(C9HcNO)2 

280-384 

Ce 

H 2 C 2 O 4 

CeOa 

>360 

Cl 

Ag+ 

AgCl 

70-600 

Co 

Electrolysis 

Co 

50-193 


(NH4)2HP04 

CO 0 P 0 O 7 

636-946 


8 -Quinolinol 

Co(C9H6NO)2 

115-295 


K 2 G 2 U 4 

C 0304 

285-946 

Cr 

Aqueous NH 3 

Cr 203 

812-944 


AgNOa 

Ag2Cr04 

92-8 P 


8 -Quinolinol 

Gr(C9H6NO)3 

70-156 

Cs 

HCl 

HCIO 4 1 

I Sodium tetraphenyl boron 

CsCl 

CSCIO 4 
' CsIB(CgH5)4] 

110-877 

42-543 

<210 

Cu 

Electrolysis 

H 2 C 2 O 4 

8 -Quinolinol 

Salicylaldo.xime 

Thionalide 

Anthranilic acid 

Gu 

CUC 2 O 4 

Cu(C9HcNO)o 

CuCCtHbNO-.), 

Cu(Cl2HioONS)n 

Cu(NH2C6H4Cd2)2 

<67 

100-270 

66-269 

<150 

148-167 

<225 

Dy 

H 2 C 2 O 4 

Dy203 

>745 

Er 

H 2 C 2 O 4 

EraOs 

>720 

Eu 

H 2 C 2 O 4 

EU 2 O 3 

>620 

F 

GaClo 

PbCb 

BaCla 

CaF^ 

PbClF 

BaSiFe 

400-950 

66-538 

100-345 

Fe 

Aqueous NH 3 



Ga 

Cupferron 

8 -Quinolinol 

FefC6H5(NO)o]3 

Fe(C9H6NO)3 

470-946 

<98 

<284 

Aqueous NHs 



5, /-JJibromo- 8 -quinolinol 
LiUpferron , 

Ga(C9H4NOBr2)3 

GaoOs 

408-946 

100-224 

Gd 

H 2 C 2 O 4 

GdoOa 

>745 




>700 

~ L 
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Table 11-1. {Continued) 


Element 

Precipitated by 

Composition of 
Weighing Form 

Utermal 
Stability 
Range, ®G. 

Ge 

(NHOiS 

Gc 02 

410-946 


Tannin 

Gc 02 

900-950 


Molybdic acid and 8 -quin- 
olinol 

(C»H6N0H)4- 

(Ce02'I2Mo03) 

50-115 

Hf 

Aqueous NHs 

Hf 02 

350-660 


Mandelic acid 

Hf(C6H5CH20C02)4 

90-260 

Hg 

Electrolysis 

Hg 

<70 

(NHJiS 

HgS 

<109 


KjCrO* 

Hg2Cr04 

52-256 


NajHAsO* 

Hrj(As04)2 

45-418 


Thionalide 

Hg(C,jH,.ONS )2 

90-169 

Ho 

HjCaOi 

H 0201 

>735 

1 

AgNO, 

Agio, 

80-410 


AgNO, 

Agl 

60-900 

In 

Aqueous NHj 

In 203 

345-880 


8 *Quinolinol 

In(C9H6NO)8 

100-285 


HaS 

10283 

94-221 

Ir 

2'Mercaptobenzothtazole 

Ir 

520-980 

K 

HCI 

KC! 

219-813 


HCIO 4 

KC104 

73-653 


Dipicrylaminc 

KC|2H40i2N7 

50-220 


Sodium tetraphenylboron 

K(B(CeHs}.( 

<265 

La 

H 2 C 2 O 4 

La 303 

>800 

Lu 

H 2 C 2 O 4 

LU 2 O 3 

>715 

Mg 

NaOH 

MgO 

>800 


NH 4 F 

MgF2 

411-816 


H 2 C 2 O 4 

MrGsO* 

233-397 


8-Quinolinol 

Mg(C9H6NO)2 

88-300 

Mn 

KOH 

MnjO* 

>946 


K. 2 C 2 O 4 

MnC204 

100-214 


K 2 C 2 O 4 

MQ 3 O 4 

670-943 


8-Quinolinol 

Mn(C9H6NO)2 

117-250 

Mo 

Aqueous NHj 

M 0 O 3 

344-782 


H 2 S 

MoOs 

485-780 


S-Quinolinol 

Mo02(C9H6NO)2 

40-270 
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Sodium tetraphenylboron 
Chloi-oplatinic acid 

HCIO4 

Zn(C2Hs02)2 and 
U02(C2H302)2 


Cupferron 

8-Quinolinol 

H2C2O4 

Electrolysis 

NaOH 

H.CoO^ 

8-Quinolinol 

Dimethylglyoxime 

(NH^)2Mo04 

8-QuinolinoI 

HCl 

H2SO4 

(NH,,)2HP04 

Thionalide 

Salicylaldoxirae 

Ediylene 

Dimethylglyoxime 

o-Phenanthroline 

PI2C2O4 

NH4GI 

HCIO4 

Chloroplatinic acid 
Sodium tetraphenylboron 

Nitron 

AgNOa 
Benzidine 


Composition of 
Weighing Form 


C20H16N4HNO3 

XNH4[B(C6H5)4] 

(NH4)2lPtCl6] 

NaC104 

2Na2U207*ZnU207 


NbiOs 

NbaOs 

Nd203 

Ni 

NiO 

NiO 

Ni(C9H6NO)o 

NiCsHi404N4 

(NH4)2H- 
(P(Mo 30 io) 4] • H2O 
(C9H7NO)3H3(PMoi2O40) 

PbCE 

PbSd4 

Pb2P207 

I Pb(Ci2HioNS).. 

Pb(C7H5N02)2 

Pd 

Pc1(C4H70oNo), 

PdCl2'Ci2HsNo 


(NH4)2[PtCl6] 

RbC104 

Rb2[PtCl6l 

Rb[B(G6H5)4] 

L2oHi6N4HRe04 

AgaS 

Ci2Hi2N2*H2S04 


Thermal 
Stability 
Range, °G. 


' 20-242 
<130 
<181 

130-471 

360-674 


650-950 

649-800 

>735 

<93 

250-815 

633-845 

100-232 

79-172 

160-415 

85-285 

53-528 

271-959 

358-880 

71-134 

45-180 

<384 

45-171 

50-389 

>790 

<181 

101-343 

70-674 

<240 

91-288 

69-615 

72-130 


176-275 
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Table ll-I. {Continued) 


Element 

Precipitated by 

Composition of 
Weighing Form 

Thermal 
Stability 
Range, “C. 

Sc 

8 -QumoIinol 

Sc(C#H 6NO)3 • CsHsNOH 

<125 


Aqueous NHj 

ScjOa 

542-946 


H 2 C 2 O 4 

SC 2 O 3 

>635 

Se 

SO 2 

Se 

<370 

Pb(NO,)i 

PbScOi 

<330 

Si 

HCl 

SiOi 1 

358-946 


KF 

KjSiFs 

60-410 


Pyramidone + molybdic 
acid 

Si 02 * 12 Mo 03 

399-787 

Sm 

HaCiO^ 

Sm 203 

>735 

Sn 

Aqueous NH 3 

SnOj 

>834 


Cupferron 

SnOs 1 

>747 

Sr 

^ H 2 SO* 

SrSOi 

100-300 


i Iodic acid 

Sr(IO ,>2 

157-600 


K 2 CJO 4 

SrCj04 

177-400 

Ta 

Tartaric aetd 

Ta 206 

>894 


Cupferron 

Ta 205 

>1000 

Tb 

H 2 C 2 O 4 

Tb407 

>725 

Te 

NjHi 

Tc 

<40 

Th 

Gaseous NH 3 

ThOi 

472-945 


8 -QuinoIiiiol 

Th(C9H6NO)4-C9H6NOH 

<80 


H 2 C 2 O 4 

ThOj 

610-946 

Ti 

Aqueous NH 3 

Ti 02 

350-946 


5,7-Dichioro-8-quinolinol 

TiO(C9H4NOCl2)2 

105-195 

T1 

HCI 

TlGl 

56-425 


KzCrO^ 

TlCrOi 

97-745 


Tetraphenylarsonium chlo- 
ride 

(C6H5)4A8TlCl4 

50-218 

Tm 

H 2 C 2 O 4 

Tm 203 

>730 

U 

Aqueous NHj 

U 03 

480-610 


8 -QuinolinoI 

UOi(G9H6NO)2.C9H6- 
1 NOH 

<150 


1 ■h2tJ2t-^4 

UjOs 

700-946 
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Table 11-1 

. {Continued) 


Element 

Precipitated by 

Composition of 
Weighing Form 

Thermal 
Stability 
Range, °C. 

V 

Aqueous NH3 

V0O5 

448-951 


Cupferron 

V3O5 

581-946 

VV 

8-QuinolinoI 

WO3 

>674 


Acridine 

WO3 

>812 


Pb++ 

PbWOj 

>100 

Y 

HoCiO^ 

Y0O3 

>735 

Yb 

H2C0O4 

YboOs 

>730 

Zn 

Electrolysis 

Zn 

<54 


Aqueous NH3 

ZnO 

>1000 


(NH 4 ) 2 HP 04 

Zn‘>P..07 

610-946 


8-Quinolinol 

Zn(C 9 HeNO )2 

127-284 

Zr 

Aqueous NH3 

ZrOo 

400-1000 


/(-Bromomandelic acid 

Zr(BrC 8 H 603 ).i 

<150 


Mandelic acid 

Zr(C 8 H 703)4 

60-188 
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TITRATION METHODS 


By Gilbert H. Ayres 

Professor of Cheniistiy 
The Unisersily of Tevas 
Austin. Tex. 


FUNDAMENTAL CONSIDERATIONS ^ 

liequirements.— Tor application of a titrimetrk method, the chemical process 
involved should consist of a single, rapid stoichiometric reaction between the sub- 
stance titrated and tiie standard solution used as the titrant. The end point is 
detected by an indicator wliich shows a marked change in some property (color, 
potential of an electrode system, etc.) of the titration system; this change should 
coincide with the stoichiometric point of the titration reaction. 

Primary Standards.— A primary standard should be a pure substance (assay usu- 
ally 99.95 to lOU 05%) or one of known purity with respect to the active component; 
It should be stable in storage, at oven temperatures for drying, and during weigh- 
ing. A high equivalent weiglu is desirable to minimize weighing errors. Several 
primary standards are available from the National Bureau of Standards and from 
chemical supply houses. Several substances of analytical reagent grade are suffi- 
ciently pure to serve as primary standards for ordinary woik, or they may be made 
so by recrystallization. 

Standard So/uttons.— Some standard solutions may be prepared directly from a 
primary standard by diluting an accurately weighed amount of the solute to a 
known volume. Many of the solutes required in titration methods are not avail- 
able as primary standards; for this reason, or for reasons of economy, many tiirants 
are made to tlie approximate concentration desired, using rough weight and volume 
measurements, the solution is then standardized by titrating accurately weighed 
samples of a suitable primary standard. A solution of exactly predetermined nor- 
mality, e.g., O.IOOO N, or an exact titer in terms of a certain desired constituent, 
e.g., silver nitrate having a cliloride titer of 0.0050 g. per ml., is most easily pre- 
pared by the direct method, if the appropriate primary standard is available. Al- 
ternatively, an approximate solution may be prepared of slightly higher tlian the 
desired concentration, after standardization die solution may be diluted volumet- 
rically to the desired normality or titer. Some laboratories choose the concentration 
of the titrant so that each milliliter represents a convenient integral per cent of 
desired constituent when a certain sample weiglu is taken. 

End-Point Detection.— End-point detection by various "instrumental” metliods 
(potentiometric, conductometric, etc.) is beyond the scope of this treatment; only 

* For a discussion of theoretical fundamentals, consult KolthotF, I. M., and Stenger, 
W A , V'olumetric Analysis, Vol. I, Intersdence Publishers, Inc., New York, 1942. 

^4 
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the visual methods will be treated. Owing to the variety o£ types of titrimetric 
methods and indicator actions, the subject of indicator action will be tieated in 
conjunction with the types of medrods or with specific determinations. 

In titrimetric analysis the sample (primary standard, or sample for analysis) 
should be large enough that weighing errors are not significant, but not so large as 
to require refilling of the buret. Also, the volume of titrant solution used should 
be large enough that volumetric errors are not significant; when a 50-ml. buret is 
used, about 40 ml. or more would be required to keep the volumetric errors within 
0.1% or one part per thousand. Because a finite amount of titrant is required to 
giv^the indicator action, and because the indicator change may not occur exactly 
at the stoichiometric point, a blank should be determined and subtracted from the 
volume of solution used in the titration; however, if the titrant has been standard- 
ized by the same reaction as is involved in the analysis at hand, the indicator error 
largely cancels out and no blank correction is necessary. 

Calculations— The calculations of titrimetric analysis are usually based on nor- 
mality and equivalent weight, or on titer. A one normal (1 N) solution contains 
one gram equivalent weight of solute, for a given type of reaction, per liter of solu- 
tion. When a series of reactions is involved in an analysis, the equivalent weight of 
die desired constituent is based upon the reaction in which the standard solution 
is used. The titer of a solution is the weight of substance contained in, or of another 
substance that can be titrated by, 1.00 ml. of a given standard solution. When 
many similar analyses are to be performed, “factor-volume” samples and solutions 
are often used, so that there is a simple integral relation between volume of stand- 
ard solution used and per cent of desired constituent. An excellent treatment of 
titrimetric calculations is given by Hamilton and Simpson.- 

Types of Reaction and Equivalency.— The equivalent weight of a substance is 
that weight of substance which, in the reaction that occurs, furnishes, reacts with, 
or is chemically equivalent to one gram-atom of: 

a. Hydrogen ions or protons (neutralization methods); 

b. Univalent cation in a precipitate, weak ionogen, or complex formed (pre- 
cipitation and coraplexation methods). 

c. Electrons transferred (oxidation-reduction methods). 


NEUTRALIZATION METHODS (ACIDIMETRY, ALKALIMETRY) ^ 

INDICATORS ^ 

Selection and Use of an Indicator.-ln acid-base titrations the solution underaoes 
a rapid diange of hydrogen ion concentration or pH (phi = -logfH+l) around 
the equivalence point; this point is ascertained by means of an indicator Indi- 
cators are weakly ionized organic acids or bases that show markedly different colors 
m the ionized and nonionized forms. Different indicators show their color cliaimes 
m different pH regions, but the color transition occurs over a pH range of about 

-Hamilton, L. 1*., and Simpson, S. G., Calculations nf i r^i • , 

Chaps. U-14. McGraw-Hill Book Co., Inc.: New York, 1960 Chemistry, 6th Ed., 

3 lor a detailed discussion, see Koltholf, I. M., and Stenapr w \ 1 / i . 

\ ol. II, Interscience Publishers, Inc., New York, 1947. ” ‘ • ‘L, ^ oliuiietnc Analysis, 

* See Clark, W. M., The Determination of Hydrogen lotw si.-a ro-n- 
Co., Baltimore, 1928; Koltholf, I. M., and RosLbluin r and 4Vilkins 

millan Co., New York, 1937. ’ •'^‘^‘^bBase Indicators, The Mac- 
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Slants are sufficiently different (pK values different by about 4 uni«). and the indi- 
cators are chosen properly. For example, phosphoric acid, Op titrated with 
sodium hydroxide shows its first equivalence point at pFI 4.7, in the color change 
interval of bromcresol green or methyl red; the second equivalence point occurs at 
pH 9.6, and a suitable indicator is tliymol blue, phenolphthalein, or thymolphtha- 

Often a sharper color change can be achieved by the use of a mixed indicator, 
in which one indicator color is masked or screened by a second substance of com- 
plementary color; the intermediate color is therelore a neiitial giay. The second 
substance may be a dye which is insensitive to pH, or another indicator of neaily 
the same pH interval and having an overlapping color complementary to the first 
indicator. Mixed indicators are especially usclul when titration to a definite pH 
is required. 

Many of the acid-base indicators are quite insoluble in water; they may be dis- 
solved in alcohol, or rendered water soluble by conversion to sodium salts or 
chlorides by grinding the dry dye tvith the required amount of sodium hydroxide 
or hydrochloric acid, and then diluting to the appropriate volume.'’ Water-soluble 
indicators are available commercially ^ and arc a great convenience. 

The transition range and colors of indicators may be affected by temperature, 
concentration of neutral salts in solution, presence of nonaqueous solvents, and 
concentration of indicator; the last effect is particularly pronounced with one-color 
indicators such as phenolphthalein and thymolphthalein. In some cases and for 
high accuracy work, it is advisable to prepare a comparison solution of composition 
closely approximating that of the final titrated solution and containing the same 
amount of indicator, and to titrate the unknown solution to the same color tint. 

Preparation of Indicator Solutions.— The indicators most often used in neu- 
tralimetry have tlieir color transitions in the pH range of about 3 to 10. If water- 
soluble indicators ' are used, prepare the solutions according to directions fur- 
nished by the supplier. Odierwise, prepare as given below. 

Methyl yellow: 0.10% solution in 95% alcohol 

Methyl orange: 0.20% solution in hot water; cool, and filter if necessary 

Bromcresol green: 0.10% solution in 20% alcohol 

Methyl red: 0.20% solution in hot tvater; coot, and lilicr if necessary 

Chlorphenol red: 0.10% solution in 20% alcohol 

Bromcresol purple: 0.10%, solution in 95%o alcohol 

Bromthymol blue: 0.10%, solution in 20%, alcohol 

Phenol red: 0.10%, solution in 20%^ alcohol 

Neutral red: 0.10% solution in G0% alcohol 

Cresol red: 0.10%, solution in alcohol 

Thymol blue: p.lOy solution in 20% alcohol; heat if necessary to dissolve 
Phenolphthalein: 1.0% solution in 80“% alcohol ’ 

Thymolphthalein; 0.10% solution in 9.5%, alcohol 

Mixed Indicators.-A number of common mixed indicators and dieir characteris- 
tics are: 

Modified methyl orange: dissolve 0.40 g. of methyl orange and 0.56 g. of xylene 

Seen ar d 'ni ^ Alkaline cSlor, 

gieen, acid color, violet; neutral gray at pH 3.8 to 4.1. 

Methyl purple or screened methyl red: dissolve 0.100 g. of methyl red in 50 ml. 

I., Applied In- 

‘Haitman-Leddon Co.. Philadelphia, Pa. loik. p. i/u, iJod. 
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Table 12-1. Acid-Base Indicators* 


Common Name 

pH 

Interval 

Acid 

Color 

Alkaline 

Color 

Crcsol red “ 

0.2-1 .8 

Red 

Yellow 

Thymol blue ® 

1. 2-2.8 

Red 

Yellow 

Methyl yellow 

2.8-4.0 

Red 

Yellow 

Bromphenol blue 

3.0-4.6 

Yellow 

Purple 

Methyl orange 

3.1-4.4 

Red 

Yellow 

Bromcrcsol green . ... 

3.8-5.4 

Yellow 

Blue 

Methyl red 

4.2-6.2 

Red 

Yellow 

Chlorphcnol red 

4.8-6.4 

Yellow 

Red 

Bromcresol purple .... 

5.2-6.8 

Yellow 

Purple 

Bromthymol blue 

6.0-7.6 

Yellow 

Blue 

Phenol red 

().4-8.0 

Yellow 

Red 

Neutral red 

6.8-8.0 

Red 

Yellow-brown 

Crcsol red * 

7.2-8.8 

Yellow 

Red 

Cresol purple * 

7.4-9.0 

Yellow 

Purple 

Thymol blue * 

8.0-9.6 

Yellow 

Blue 

Phenolphthalein 

8.0-9.8 

Colorless 

Red-violct 

Thymolphthalein 

9.3-W.5 

Colorless 

Blue 

Alizarin yellow 

10.1-12.0 

Yellow 

Violet 


" Acid range; the indicator has two color change intervals. 

* Alkaline fAnge; the indicator has two color change intervals. 


1.5 to 2 units. The pH intcrv.il and colors of some Lommun indicatois are giicii 
in Table 12-1. The pH of the solution at the equivalence point in a neutraliza- 
tion titration depends on the degree of ionization of the acid and base involved In 
tlie reaction. If both acid and base are highly ionized, the equivalence point pH 
is 7.0, and one drop of dilute titrant may cause the pH to change from about 4 
to 10 (when acid is titrated witli base); any one of several dilferent indicators can 
therefore be used. In the titration of a weak acid, e.g., acetic, benzoic, etc., by 
strong base, the solution at the equivalence point is alkaline (pH greater than 7), 
tlie exact pH depending upon the ionization constant of the acid and tlie concen- 
tration of tlie anion (salt) in the Biial solution. Similarly, the solution is slightly 
acidic (pH less than 7) at the equivalence point in the titration of a weak base by 
a strong acid. Therefore, when tlie substance titrated is a weak acid or a weak 
base, an indicator must be chosen tliat has its color transition at a pH which coin- 
cides with, or lies very close lo, ihe equivalence point pH; large errors would otlier- 
wise occur. 

Stepwise titration of polyprodc acids (e.g,, phosphoric acid) and/or tlieir alkali 
salts (e.g., phosphate, carbonate, etc.) is possible if the successive ionization con- 

5 Taken from A)res, G. H., Quantitative Chemical .Anal}sis, p. 355, Harper and Brothers, 
New York, 1958. Used by permission of the publisher* 
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staats are sufficiently different (pK values different by about 4 umu), and the indi- 
cators are chosen properly. For example, phosphoric acu H 3 PO,. titrated with 
sodium hydroxide shows its first equivalence point at pH 4.7, in the color change 
interval of bromcresol green or methyl red; the second equivalence point occurs at 
pH 9.6, and a suitable indicator is tliymol blue, phenolphthalein, or thymolpht la- 

Often a sharper color change can be achieved by the use of a mixed indicator, 
in which one indicator color is masked or screened by a second substance of com- 
plementary color: die intermediate color is therefore a neniral gray. The second 
substance may be a dye which is insensitive to pH, or another indicator of nearly 
the same pFI interval and having an overlapping color complementary to the first 
indicator. Mixed indicators are especially useful when titration to a definite pFI 
is required. 

Many of the acid-base indicators are quite insoluble in water; they may be dis- 
solved in alcohol, or rendered water soluble by conversion to sodium salts or 
chlorides by grinding the dry dye with the required amount of sodium hydroxide 
or hydrochloric acid, and then diluting to the appropriate volume.'* Water-soluble 
indicators are available commercially '• and are a great convenience. 

The transition range and colors of indicators may be affected by temperature, 
concentration of neutral salts in solution, presence of nonaqueous solvents, and 
concentration of indicator; the last effect is particularly pronounced with one-color 
indicators such as phenolphthalein and thymolphthalein. In some cases and for 
high accuracy work, it is advisable to prepare a comparison solution of composition 
closely approximating that of the final titrated solution and containing the same 
amount of indicator, and to titrate tlie unknown solution to the same color tint. 

Preparation of Indicator Solutions.— 1'{\g indicators most often used in neu- 
tralimetry have tiieir color transitions in the pFI range of about 3 to 10. If water- 
soluble indicators are used, prepare the solutions according to directions fur- 
nished by the supplier. Otlierwise, prepare as given below. 

Methyl yellow: 0.10% solution in 95% alcohol 

Methyl orange; 0.20% solution in hot water; cool, and filter iC necessary 

Bromcresol green; 0.10% solution in 20% alcohol 

Methyl red; 0.20% solution in hot water; cool, and filter if necessary 

Chlorphenol red; 0.10% solution in 20% alcohol 

Bromcresol purple: O.IO^q solution in 95% alcohol 

Bromthymol blue: 0.10% solution in 20% alcohol 

Phenol red: 0.10% solution in 20% alcohol 

Neutral red: 0.10% solution in 60% alcohol 

Cresol red: 0.10% solution in 20% alcohol 

Thymol blue; 0.10% solution in 20% alcohol; heat if necessary to dissolve 
Phenolphthalein: 1.0% solution in 80% alcohol 
Thymolphthalein: 0.10% solution in 95% alcohol 

Mixed Indicators.-A number of common mixed indicators and their characteris- 
tics are: 

Modified methyl orange; dissolve 0.40 g, of methyl orange and 0.56 g. of xylene 
cyanole FF m 100 m . ol alcohol and dilute widx 100 ml. of water. Alkaline color 
green; acid color, violet; neutral gray at pH 3.8 to 4 . 1 . 

Methyl purple or screened methyl red: dissolve 0.100 g. of methyl red in 50 ml. 

• Haitmau-Leddon Co., Philadelphia, Pa. ioik, p. i/u, u.u. 
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of alcohol; dissolve 0.050 g. of methylene blue in 50 ml. of alcohol; mix the two 
solutions and store in an amber bottle. Alkaline color, green; acid color, violet: 
neutral gray at pH 5.2. 

Mix 0.1% solutions of cresol red and thymol blue in a 1:3 volume ratio. Acid 
color, yellow; alkaline color (above pH 8.4), violet; pink at pH 8.2. 

Mix 0.1% solutions of phenolphthalein and methyl green in a I;2 volume ratio. 
Acid color, green; alkaline color (above pH 9), violet; pale blue at pH 8.8. 

STANDARD ACIDS 

HYDROCHLORIC ACID 

Hydrocliloric acid is the most commonly used titrant in acidimetry. Dilute solu- 
tions can be boiled for moderate periods witltout loss of HCl. Standard solutions 
are usually prepared at approximately the desired concentration and then stand- 
ardized. A direct stock standard solution (approximately 6 N) can be prepared as 
the constant boiling solution, and diluted quantitatively to lower concentrations 
for use. 

Preparation of Approximate 0.1 N Solution {HCl, mol. wt. and equiv. wt. ss 
S6.-/ii5).-~A 0.1 N solution contains 3.65 g. of HCl per liter. Analytical reagent 
grade concentrated hydrochloric acid has a specific gravity of about 1.18, contains 
about 36% by weight of HCl, and is about 12 N. Preparation of a liter of 0.1 N 
solution requires about 8.5 mi. of the concentrated acid. For each liter of O.I N 
solution to be prepared, rough measure (graduate) 9 ml. of concentrated acid and 
dilute with water to approximately the desired volume; mix thoroughly before 
standardizing. 

Standardization, a. Against Sodium Carbonate (Na 2 C 03 , mol. wt. == 106.00; 
equiv. wt. for complete neutralization = 53.00).— Analytical reagent grade sodium 
bicarbonate may be recrystallized, if necessary, by directions given by Hillebrand 
et al.^ Convert tlie bicarbonate to carbonate as follows: Place the purified sodium 
bicarbonate in a platinum crucible, beat in a sand bath to 260’ to 290’C., with the 
thermometer bulb in the solid, for 30 to 60 minutes, with occasional stirring. 
Transfer the crucible and contents to a weighing bottle, cool in a desiccator, and 
weigh. Repeat the heating, to constant weight. Accurately weigh out samples of 
the pure, dry sodium carbonate appropriate for the normality of the acid to be 
standardized; for approximately 0.1 N solution and assuming about 40 ml. for the 
titration, take samples of 0.2 to 0.25 g. Dissolve the sample in about 60 ml. of 
distilled water, add two drops of raodihed metliyl orange (or methyl purple) indi- 
cator, and titrate with the acid to the neutral gray or very faint violet tint. Boil 
the solution for 1 mmuie to remove carbon dioxide (the solution should return 
to the green color), cool, and complete tlie titration dropwise to the neutral gray 
or first faint violet tint. Calculate the normality of the acid: 

_ g. NagCOs taken 
Ml. add used X 0.05300 

b. Against Borax (NasB^O-- IOH 2 O, mol. wt. = 381.42; equiv. wt. = 190.71).- 
Borax is readily prepared in high purity and of exact hydrate composition by re- 

8 Hillebrand, W. F., Liindcll, G E. F, Bright, H. A., and HofTman. J. I., Applied In- 
organic Anal)sis, 2nd Ed., John Wiley and Sons, New Voik. p. 176. 1953. 
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crystallization from water below 55 °C. (to prevent separation of crystals of the 
pentahydrate). The decahydrate is stable at room temperature at relative humid- 
ity from about 40 to 99%; it is stored in a desiccator over satur%ed solution of 
sodium bromide, or saturated sodium cliloricle and sucrose solution. Borax has 
the advantage of a high equivalent weight: B407= -f 2H+ + SHoO 4H3BO3. 
The theoretical end point pH is approximately 5. For standardization of 0.1 jY 
solution, accurately weigh about 0.8 g. of borax, dissolve it in about 60 ml. of dis- 
tilled water, add two drops of methyl red indicator, and titrate to the first de- 
tectable color change from yellow to red-orange. 

c. Against Standard Sodium Hydroxide Solution.— A solution of carbonate-free 
sodium hydroxide that has been standardized can be used for standardizing an 
acid by performing a comparison titration. The titration should be made in the 
same direction and with die same indicator as was used in the standardization; 
for example, if die sodium hydroxide was standardized against potassium acid 
phthalate (as described later), using phenolphthalein indicator, an accurately meas- 
ured volume of the acid to be standardized is titrated with the standard sodium 
hydroxide to the first pink tinge of phenolphthalein. 

Preparation of Constant Boiling Hydrochloric Acid.— A stock supply of standard 
(approximately 6 N, known to five significant figures) can be prepared by distilling 
a 1 : 1 hydrochloric acid, discarding the first three-fourths of the distillate, and col- 
lecting the next 15% or so of the constant boiling acid; the barometric pressure at 
the time of distillation must be noted. Details of apparatus and procedure have 
been published.o>i« The composition of the constant boiling acid varies ivith the 
pressure of distillation, as shown in Table 12-2. The constant boiling acid is 


Table 12-2. Constant Boiling Hydrochloric Acid 


Pressure, 
mm. of Hg 

Boiling 
Point, °C. 

1 

Density 
at 25°C. 

% HCl by 
Weight 

Grams for 

1 Liter of 
0.1000 A^Soln. 

770 



20.197 

18.041 

760 

108.584 

1.0959 

20.222 

18.019 

/5l) 



20.245 

17.998 

740 

107.859 

1.0962 

20.269 

17.977 

/jU 



20.293 

17.956 

700 

i 

106.424 

1.0966 

1 

20.360 

17.910 


" r' composition is not changed by evapora- 

ton. For preparatton o d.lttte solution [or use as a titrant, the constant boE 
acid IS weighed accurately from a weight buret and diluted to volume iu a vnf 

soTtiti™. istJrt XtttSln ol ¥alt',l“ 
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SULFURIC ACID 

If a moderately concentrated solution of acid must be boiled without loss, 
sulfuric acid lias the advantage over hydrochloric acid. Sulfuric acid is usually 
prepared at the approximate concentration needed, then standardized. Constant 
boiling sulfuric acid \aries in composition only slightly with distillation pressure; 
at 750 mm. the constant boiling mixture contains 98.48% H 2 SO 4 by weight; 11 for 
use as a concentrated slock standard solution, howcter, storage presents a problem 
because of its high hygroscopicity. Sulfuric acid of about 52% by w'cight is in 
equilibrium with air of "ordinary” moisture content; thus it presents no storage 
problem; its exact composition can be detcmiincd from an accurate density meas- 
urement and icference to tables,’- solutions for use as a titraiit are prepared as 
needed by weighing the desired quantity from a weight buret and diluting to 
knonn \oIume. Alternathely, an aliquot of the stock solution can be standard- 
ized against an appropriate alkaline primary standard, and quaniitatise dilutions 
made for use as needed. 

Preparation of Approximate SoltUion (H.SO^, mot, wt. = 98.08; equiv. ict. 
49.0^).— Analytical reagent concentrated sulfuric acid has a specific gravity of about 
1.84, contains about 96% by weight of H^SO^, and is about 36 N. Preparation of 
a liter of approximately 0.1 N solution requires about 3 ml. of the concentrated 
acid. Pour the acid into a targe volume of water— never the reverse— and dilute to 
the required volume; mix tlionmghly. 

^Mndurefizu/ion.— Follow the same procedure as for h)drochloric acid. 

STANDARD ALKALIES 

Most alkalimetric titrations are made with sodium hydroxide solution. The solid 
reagent chemical contains more or less carbonate, and the solutions absorb carbon 
dioxide from the air to form carbonate. When used for the titration of weak acids, 
the carbonate makes the end points less distinct and results in an appreciable titra- 
tion error. 

Alkaline solutions should be stored in bottles of resistance glass or, preferably, 
of polyethylene. If the solution is to be maintained carbonate-frcc, the bottle 
should be fitted with a siphon delivery tube and the air inlet should be protected 
with a trap containing concentrated sodium hydroxide solution, or with a guard 
tube containing soda lime or soda asbestos. 

Alkaline solutions dial are to be used in the presence of carbon dioxide are best 
standardized against a standard acid solution, sucli as a diluted constant boiling 
hydrochloric acid, or acid that has been standardized against sodium carbonate. 
Carbonate-free solutions that are to be used widi indicators having a high pH 
transition interval (e.g., pheiiolplithalein) should be standardized against potassium 
acid plithalate or benzoic acid. 

SODIUM HYDROXIDE 

Preparation of Ordinary Solution {NaOH, mol. wt. and equiv. wt. = 40 M).-Yot 
approximately 0.1 N solution, dissolve about 5 g. of solid reagent in 100 to 200 ml. 
of distilled water, with constant stirring to prevent caking of the solid; dilute to 
about 1 liter and mix w'ell. Standardize by titrating a measured volume of the 

11 Kunzler, J. E., Anal. Chem , 25, 93 (1953). 

1 - This book, pages 612-614. 
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solution with standard hydrochloric acid or sulfuric acid, using modified mediyl 
orange or mediyl purple indicator, as described under standardization of hydro 

chloric acid against sodium carbonate. 

Preparation of Carbonate-free Solution, a. From Concentrated NaOFI Solu- 
tion.-Sodium carbonate is insoluble in sodium hydroxide solution of about oO /„ 
concentration. To 100 g. of sodium hydroxide pellets add 100 ml. of distilled water, 
stirrhio- constantly until all the solid has dissolved. Transfer the solution to a large 
Pvrexmst tube, close the tube with a stopper covered with tin foil, and allotv the 
sodium carbonate to settle; centrifugation will hasten the settling. Siphon or pipet 
off the required amount of the clear solution (about 8 ml. of each liter of 0.1 A 
solution to be prepared) into the storage container, and dilute at once with dis- 
tilled tvater that has been recently boiled and then cooled in a stoppered flask, 
mix thoroughly. Alternatively, the concentrated sodium hydroxide solution can 
be filtered through a fritted glass crucible, protected from carbon dioxide of the 
air; for a diagram of the apparatus, see Hillebrand.i^ Fit the storage bottle with 
a siphon delivery tube and a carbon dioxide guard on the air inlet. 

b. By Use of Anion Exchange Resin.— Pass the sodium hydroxide solution con- 
taining carbonate through a column containing the chloride form of a strong base 
anion exchange resin (Amberlite IRA-400 or Dowex 1 or 2), which retains the car- 
bonate. If chloride is objectionable in the solution, discard the first portions of 
effluent until a negative test for chloride is obtained. The resin can be regenerated 
by passing dilute hydrochloric acid through the column, followed by water until 
the excess acid is removed. 

A direct standard solution of alkali hydroxide can be prepared from a weighed 
amount of pure sodium chloride or potassium chloride. Pass the chloride solution 
tlirough a column containing a strong base anion exchange resin in the hydroxide 
form; wash the column well with water, and dilute the effluent solution and wash- 
ings to knotvn volume. After use, the resin can be regenerated with sodium hy- 
droxide solution. 

Standardization, a. Against Potassium Acid Plithalate (C,;H 4 (COOK)(COOH), 
or KHC 3 H.jO^, mol. wt. and equiv. wt. = 204.22).— Potassium acid plithalate, recom- 
mended as the primary standard for strong bases, is available commercially and 
from National Bureau of Standards. It is not hygroscopic, it is stable up to 135“C., 
and it is water soluble. Oven-dry the primary standard potassium acid plithalate 
at 115° to 120°C. for 1 to 2 hours; store in a weighing bottle in a desiccator. Accu- 
rately weigh the appropriate amount of the solid (for standardizing O.I N alkali, 
take about 0.8 g.), dissolve it in about 75 ml. of carbon dioxide-free distilled ivater, 
add three drops of phenolphthalein indicator, and titrate with the sodium hydrox- 
ide solution to the first faint permanent pink tinge. Run a blank on the same 
end volume of carbon dioxide-free w'ater and indicator; subtract the blank from 
the volume of alkali used in tlie titration, and calculate the normality of the alkali 
If higher accuracy is required, purge the titration flask from carbon dioxide (by 
sweeping with carbon dioxide-free air or with nitrogen) before use and clurine the 
titration. ^ ° 

(C.H 5 COOH or HC,H,0,, mol. wt. and eqniv. = 
l_.12).-Kational Bureau ot Standards supplies benzoic acid as a calorimetric 

13 Hillebrancl, W. F., Lundell, G. E. F., Bright H A -md HnfFmnra t t a i- , t 
organic Analysis, 2nd Ed., John Wiley and Son!, New York, p HQ, Sla.’ 
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Standard; it is also suitable as a primary standard for alkali. Its principal dis- 
advantage is its low solubility in water. Accurately weigh (about 0.5 g. for use with 
0.1 N alkali) the pure dry benioic acid, dissolve it in 10 ml. of 95% alcohol, dilute 
with about 40 ml. of carbon dioxide-free water, add three drops of phenolphthalein 
indicator, and titrate with the alkali to the first faint but permanent tinge. Run 
a blank consisting of 10 ml. of alcohol, carbon dioxide-free water to equal the end 
volume in the titration, and indicator. From the net volume of alkali, calculate 
Its normality. For very exact work, carry out the titration in a carbon dioxide-free 
atmosphere. 

BARIUM HYDROXIDE 

Barium h)droxide solution is automatically kept free from carbonate, due to the 
insolubility of barium carbonate in water and alkaline solutions. Its principal 
disadvantage is the insolubility of barium salts of many anions, such as sulfate and 
phosphate. When large amounts of solution are required, it is convenient to pre- 
pare a stock supply of saturated solution in contact with a large excess of solid 
Ba( 0 H) 3 - 8 H 30 . If the temperature remains constant, the concentration of solu- 
tion remains constant even if carbon dioxide is absorbed. The saturated solution is 
about 0.35 N, which is more concentrated than usually required; but once stand- 
ardized and maintained at constant temperature, volumetric dilutions of the stock 
solution with carbon dioxide-free water can be made as needed. Barium hydroxide 
solution is standardized against potassium acid phihalate or benzoic acid, as de- 
scribed for sodium hydroxide. 

PRECIPITATION METHODS 

In addition to tlie use of visual indicators in precipitation methods, end-point 
detection by electrical metliods (poientiometric. conductometric) is applicable in 
many instances; pH control, change of solvent, back titration of excess precipitant, 
etc., may be used to approacli the conditions required for exact stoichiometry. 
The methods given here are limited to tliose involving visual detection of the end 
point. 


SILVER NITRATE (ARGENTOMETRIC) METHODS 

Primary Standards and Standard 5oI«rionj.— Metallic silver, silver nitrate, po- 
tassium chloride, sodium chloride, and jjotassium thiocyanate are easily obtained 
in high purity, and can be used as primary standards, including direct prepara- 
tion of standard solutions. It is often convenient to have a silver nitrate solution 
which has been standardized against a chloride solution and/or a thiocyanate solu- 
tion, to facilitate corrections for titration error in analyzing unknowns. 

Silver Nitrate (AgNOg, mol. wt. and equiv. wt. = I69.89).-Use analytical reagent 
grade silver nitrate; if in large crystals, grind to small size. Dry for I to 2 hours at 
100°C., taking care to exclude dust and otlier reducing materials. For an exact 
0.1 N solution, accurately weigh 16.989 g. of the dried silver nitrate and make up 
volumetrically to 1 liter.^® (For an approximate 0.1 N solution, rough weigh 17 g. 

i*Sec Kolthoff, I. M., and Sarver, W. A., Volumetric Anahsis, Vol. II, Interscieiice Pub- 
lishers, Inc , New York, pp. 251-254, 1947. 

i®If pure metallic silver is available, a direct standard solution of silver nitrate can be 
prepared by dissolving a known weight of the metal in I;! nitric acid; evaporate to expel 
excess acid, then dilute to known volume. However, for some applications (e.g., the Mohr 
melliod for halides), free nitric acid cannot be tolerated. 
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of the solid and make up to about a liter.) Store the solution m a brown bottle 
and protect the stopper and neck from dust. Check the normality of the direct 
iohitfon. or standardL the approximate solution, against chloride and/or against 


'^“SsSum Thiocyanate (KSCN. mol. wt. and equiv. 

salt is dried in a desiccator over sulfuric acid; it is not hygroscopic in an atmosphe e 
of relative humidity less than 50%. For preparation of a direct 0.1 N solution, 
weio^h 9.718 g. of the pure dry solid, dissolve in water, and make up to 1 liter. ^ 

Potassium Chloride or Sodium Chloride (KCl, mol. wt. and equiv. wt, = 74.o57; 
NaCl, mol. wt. and equiv. wt. = 58.448).— The analytical reagent grades are satis- 
factory primary standards for ordinai 7 work. For a liter of exact O.l N solution 
take 7.456 g. of KCl or 5.845 g. of NaCl, and make to volume with water. . 

Indicators. Ferric Alum (for Volhard Method). — Dissolve 280 g, of ferric am- 
monium sulfate hydrate in 900 ml. of hot water. Cool, let settle, and pour off (or 
filter) from any residue, then add 100 ml. of concentrated nitric acid to the solu- 
tion. Use about 5 ml. of indicator per 100 ml. of titration solution. In the Vol- 
hard method the end point is the first red color, due to formation of [FeSCN]+ + 


after precipitation of AgSCN is complete. 

Potassium Cliromate (for Mohr Method).— Prepare a 5% aqueous solution of 
K.,CrO^; use 1 ml. of indicator per 100 ml. final volume of titration solution. In 
the titration of chloride (or bromide) the end point is the formation of the first 
detectable red-orange precipitate of Ag^CrO^ after precipitation of the silver halide 
is complete. 

Dichlorofluorescein (for Fajans Method for Chloride).— Prepare a 0.1% solution 
of dichlorofluorescein in alcohol, or of its sodium salt in water. Use about ten 
drops per 100 ml. of solution. 

Eosin (for Fajans Method for Bromide, Iodide, Thiocyanate).— Prepare a 0.5% 
solution of eosin (tetrabromofluorescein) in alcohol, or of its sodium salt in water. 

In the adsorption indicator methods a protective colloid is used to prevent the 
coagulation of the precipitate. A 2% aqueous solution of dextrin is commonly em- 
ployed; discard the stock solution if mold formation is apparent. 


PROCEDURES 

The procedures given below apply to titrations of primary standards or stand- 
ard solutions for purposes of standardization or comparison, and to titrations of 
unknowns from which interfering substances have been removed. 

Titration of Silver Ion with Thiocyanate {Volhard Method). -The sample solu- 
tion should be at least 0.3 N in acid, usually nitric acid although sulfuric acid is 
sometimes used. If the solution is not already acidic, add 5 ml. of 6 M nitric 
acid which is free from chloride ion and from oxides of nitrogen (boil, if neces- 
sary. to remove oxides of nitrogen), add 5 ml. of ferric alum indicator, and titrate 
witlr potassium thiocyanate solution to the first red-orange tinge in the solution 
Because silver thiocyanate precipitate adsorbs silver ion from solution, the first 
indication of the end point may come too early; vigorous shaking during dropwise 
completion of the titration is required, until a faint but permanent red-orange 
color IS obtained. Run a blank, using the same amount of nitric acid, indicator 

and water, and correct tire titration volume for the amount of the blank- the 
blatik should be very small. ^ 

Ttoon of Chloride zuith Silver Ion. a. Mohr Method.-The allowable ran^e 
o pH IS about 6.5 to 10; below pH 6.5 the increased solubility of silver chromam 
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makes the end point come too late; above pH 10, silver hydroxide is also pre- 
cipitated. If tlie solution for titration is strongly alkaline, make it just acidic with 
nitric acid, then neutralize by adding sodium bicarbonate or borax; if the solution 
is already acidic, neutralize with sodium bicarbonate or borax. If appreciable 
amounts of ammonium salts are present, the pH should not exceed 7.2. To tlic 
solution for titration, adjusted in pH as indicated above, add I ml. of potassium 
chromate indicator for eacli 100 ml. final volume, and titrate with silver nitrate 
solution, with good stirring or shaking especially near the end, to the first perma- 
nent red-orange tinge. It is advisable to save the samples from the first two 
titrations. To one sample, add a minute amount of cliloride and stir, to transpose 
the silver chromate and restore the yellow color. These samples are then used for 
comparison in adjusting the end point in titration of subsequent samples. Obser- 
vation of the end point is sharpened by making the titration under a yellow light. 
Run a blank, using about 0.3 g. of chloride-free calcium carbonate {to simulate the 
precipitate) and the same amount of indicator and same final volume of water. 
The method is applicable to determination of low concentrations of chloride, as 
in water analysis. It is also applicable to the determination of bromide, but not 
to iodide nor thiocyanate. The reverse titration (silver ion titrated by chloride) 
is generally unsatisfactory on account of the slow transposition of silver dtromate to 
silver chloride near the equivalence point. 

b. Fajans Afethod.— The allowable range of pH is 4 to 10, and the chloride 
concentration should be in the range 0.005 to 0.025 N. To the solution for 
titration add 5 ml. of 2% dextrin solution and ten drops of 0.1% dichlorofiuores- 
cein indicator. Titrate, in subdued light, with silver nitrate to the color change 
from grecnish-ycilow in the solution to a salmon-pink color on the suspended pre- 
cipitate. A blank test cannot be made. Titration of silver ion by chloride is also 
satisfactory, the end point being the disappearance of the salmon-pink color from 
the suspension. Jf photochemical action on the silver cliloride causes it to turn 
gray, a satisfactory end point cannot be obtained. The general method is ap- 
plicable also to the titration of bromide, iodide, and thiocyanate, using eosin indi- 
cator; the allowable pH is 2 to 10. 

c. Volhard Method.— The cliloridc is precipitated by adding a known amount of 
silver nitrate, in excess of that required for precipitation of silver chloride; the 
amount of the excess is determined by back titration witli thiocyanate solution. 
Correct stoichiometry requires a procedure to prevent transposition of silver clilo- 
ride to the less soluble silver tliiocyanate during back titration and/or removal of 
silver ion adsorbed on the silver chloride precipitate. Use one of the following 
methods. 

(i) Original Volhard Method. The solution for titration should be about 0.3 ill 
in diloride-free nitric acid. Add a measured volume of standard silver nitrate 
solution, in excess of the amount to precipitate the chloride as AgCI. Boil to co- 
agulate the precipitate, filter it off (use fritted glass crucible), and wash it well 
with 1:100 nitric acid. Titrate the filtrate and washings with standard potassium 
thiocyanate solution, using 5 ml. of ferric alum indicator exactly as described earlier 
for the Volhard metiiod. From the total amount of silver nitrate added, subtract 
the amount equivalent to the thiocyanate back titration to get the net amount of 
silver nitrate required to precipitate the chloride. 

(ii) Caldwell ModificationA^ The solution for titration should contain about 
0.05 to 0.25 g. of alkali chloride in 25 to 50 ml. of water plus 2 to 5 ml. of chloride- 

18 Caldv^eII, J. R , and Moyer, H. V., Ind. Eng. Chem., Anal. Ed., 7, 38, 1935. 
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free 6 M nitric acid. To the solution add 1 ml. of nitrobenzene for each 0.05 g. 
of chloride. Add a measured volume of standard silver nitrate solution, in excess 
of the amount to precipitate the chloride. .Stopper the flask and shake vigorously 
to coaaulate the precipitate and coat the particles with nitrobenzene. Add 5 m . 
of ferric alum indicator, and titrate the excess silver ion with standard thiocyanate 
solution to the first faint red-orange tinge. Adequate stirring near the end point 
is required, but violent shaking should be avoided. Calculate as in (i) above. 

The Volhard method is applicable also to the determination of bromide and 
iodide; in these cases, removal or protection of the silver halide precipitate is un- 
necessary. In the determination of iodide, ferric alum indicator must not be 
added until after the precipitation of the silver iodide. 


MERCURIMETRIC METHOD FOR CFILORIDE 

Although this method is not a precipitation titration, it is treated here for con- 
venience. The method depends upon the formation of slightly ionized mer- 
cury(II) chloride. HgCL„ when a soluble chloride is treated with a highly ionized 
inercuTy(ll) solution, svtdt as the nitrate or perchlorate. Sodium uitroprusside indi- 
cator shows a white turbidity of HgFe(CN).NO when mercury(II) is present in ex- 
cess. A slight end-point error can be evaluated by running a blank containing about 
the same concentration of mercui 7 (II) chloride as in the sample solution; no cor- 
rection need be applied if the mercury(II) solution is standardized against chloride 
of about the same amount as in unknowti samples. The method is especially 
suited to the determination of small amounts of chloride, and to chloride in acid 
solution. Diphenylcarbazide or diphenylcarbazone indicator requires closer con- 
trol of conditions dian when sodium uitroprusside indicator is used. 

Reagents.— The mercury(II) solution may be either the nitrate or the perchlorate. 

Mercury(II) Nitrate.— Dissolve about 17 g. of mercury(II) nitrate hemihydratc 
(mol. wt. = 333.63; equiv. wt. = 166.82) in 50 ml. of 6 M nitric acid and dilute 
to about 1 liter; standardize against chloride. Alternatively, dissolve about 11 g. 
of mercury(II) oxide (mol. wt. = 216.61; equiv, wt. = 108.30) in a slight excess of 
6 M nitric acid and dilute to about 1 liter; standardize against chloride. 

Mercury(II) Perchlorate.— Dissolve about II g. of mercury(II) oxide in a slight 
excess of 1:1 perchloric acid and dilute to about 1 liter; standardize amiinst 
chloride. 

Sodium Nitroprusside Indicator.-Prepare a 10% atpieous solution of sodium 
nitroprusside, Na^Fe(CN)-NO -211^0. Store in a brown bottle; discard if the solu- 
tion turns green. 

Primary Standard Potassium Chloride or Sodium Chloride.-See under Silver 
Nitrate IVlethods. 


Procedure.-Cations which form slightly soluble nitroprussides (e.v., cadmium 
copper, cobalt, nickel) must be absent. To the chloride solution add’ nitric acitl 
m make us concentration 0.2 to 0.5 M, and two drops of sodium nitroprusside 
indicator for each 10 ml. of solution. Titrate slowly against a black backoround 
to the flrst faint permanent turbidity. If the mercury(II) solution is to be used 

*= »"■<! i-momit Of 

meicury(II) chloride, nitric acid, indicator, and final volume as in the titr-ition- 
the blank usually amounts to 0.1-0.2 mi. in titrations with 0.1 N mercmvilD 

solution. For titration of small amounts of chloride, use a mercurv<'TT^ Ir 
of about 0.02 N concentration. meicury(II) solution 


Roberts, I., Ind. Eng. Cheni., Anal. Ed.. 8, 36.';, 1936. 
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The method is also applicable to titration of bromide. Thiocyanate can be de- 
termined, using ferric alum indicator and titration to the disappearance of red 
color. Cyanide can be determined by adding excess standard mercury(II) solution, 
then back titrating with standard thiocyanate, using ferric alum indicator. 

COMPLEXATION METHODS 

In spite of die large /lumber of complex ions that are known, relativ'ely few 
methods involving complex formation are applicable to titration because of the 
existence of several complexes between a central metal ion and the ligand (com- 
plexing agent). Therefore, the conditions of exact stoichiometry are rarely ful- 
filled. A notable exception is the reaction of metal ions with ethylencdiamineteira- 
acetic acid (EDTA). 

METHODS INVOLVING CYANIDE 

Titration of Cyanide by Silver Ion {Ltebig-Deniges Method). Standard Silver 
Nitrate.— Prepare standard silver nitrate solution, as given previously under Pre- 
cipitation Methods. 

Procedure.— (Caution; Cyanides and HCN are violently poisonous.) To the 
cyanide solution for titration add 0.2 g. of potassium Iodide and 5 ml. of 6 M ammo- 
nia for each 100 ml. of solution. Titrate with standard silver nitrate, against a black 
background, to the first permanent white turbidity. For calculation to CN-, HCN, 
or alkali cyanide (KCN, NaCN), the equivalent weight Is twice the molecular 
weight: 2CN“ + Ag+ -* Ag(CN) 2 -. 

Titration of Cyanide and Chloride in Same iVi.vture.— Titrate the solution con- 
taining cyanide and chloride wiUi standard silver nitrate solution, to the first per- 
manent white turbidity, due to Ute start of the reaction Ag(CN) 2 -- -f Ag+ -» 2AgCN 
(ppt.). Then add a measured additional volume of standard silver nitrate, in ex- 
cess of the amount to precipitate completely AgCN ami AgCl. Filter off the pre- 
cipitated silver salts on a fritted glass crucible, and wash the precipitate several 
times with 1:100 nitric acid. To the filtrate and washings add 5 ml. of ferric 
alum indicator, and titrate the excess silver ion witli standard potassium thio- 
cyanate to the first permanent red-orange tinge. From the amount (in numbers 
of milliequivalents, if the AgNOj and KSCN are of different normalities) of addi- 
tional silver nitrate beyond the first turbidity subtract the amount of silver nitrate 
required to produce the first turbidity and the amount of silver nitrate equivalent 
to the Uiiocyanate in the back titration; Uie difference represents silver nitrate 
equivalent to chloride. 

The method is applicable also to titration of a mixture of cyanide with bromide 
or with thiocyanate. 

Titration of Metal Ions with Cyanide. Potassium Cyanide Solution. (KCN, mol. 
wt. = 65.12; equiv. wt. for complexation = 130.24).— For preparation of approxi- 
mately 0.1 N solution, dissolve about 13 g. of KCN {Caution! Poison!) and 5 g. of 
sodium hydroxide in water and dilute to about a liter. Standardize by titrating a 
measured volume (about 40 ml.) of tlie KCN solution with standard silver nitrate, 
using the Liebig-Denig^s method given previously. Alternatively, standardize tlie 
potassium cyanide solution against pure copper; dissolve an accurately weighed 
amount of pure copper in 6 M nitric acid, make the solution just alkaline to 
ammonia, and add 5 ml. of 1;1 ammonia in excess. Titrate tire deep-blue copper 
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solution with the potassium cyanitle solution just to the disappearance of the blue 
color: 

2Cu(NH3)^++ + 7CN- + HoO 2Cu(CN)3= + CNO- + 2NH4+ + 6NH3 

Calculate the copper titer of the potassium cyanide solution (grams or milligrams 

of copper equivalent to 1.00 ml. of KCN solution). , . , • • 

Detenninations.— Potassium cyanide solution is most often used in the titiimetric 
determination of copper and of nickel. Details of procedures are given else- 
where.*® 

TITRATIONS WITH ETHYLENEDIAMINETETRAACETIC ACID 

(EDTA) i** 

Ediylenediaminetetraacetic acid (EDTA, commonly represented in equations by 
H4Y), or more often its disodium salt (Na2H2Y), finds wide application as an ana- 
lytical reagent in forming complexes with most cations except the alkalies. It can 
be used to mask the reactions of certain cations to prevent their interference with 
odier reactions: it enhances die color of colored cations, and thus it can be used in 
spectrophotometric detenninations; and it is used for the comple.xometric titration 
of many cations. It is apparently unique among complexing agents in forming 
1:1 complexes with cations regardless of their valence: 

M“+ + H2Y — -f 2H+ 


(The general definition of equivalency previously given will still apply to EDTA, 
but it may be more convenient to express its concentration on a molar basis, or 
as a titer for a given element.) Titrations with EDTA may be direct, or back 
titration of excess reagent, or displacement of one cation by another. 

Indicators.~A wide variety of end-point methods can be applied to titrations 
with EDTA; use of metal indicators is the most common.-o>-* The metal indi- 
cators are compounds which react with metal ions to form highly colored com- 
plexes, but Avhich have a different (or no) color in the absence (i.e., very low con- 
centration) of the metal ion. Upon titration with EDTA, the metal-indicator com- 
plex transposes to the metal-EDTA complex: M-Ind -f Y M-Y -f- Inch For a di- 
rect titration the metal-indicator complex must be less stable than the metal-EDTA 
complex. Applications of EDTA titrations are so varied and the indicators so 
numerous that only very ferv can be mentioned here; for a complete treatment, 
see Weldier.i® 

Eriochrome Black T. — This compound, sodium l-(l-hydroxy-2-naphtliylazo)-6- 
niu'o-4-sulfonate, knotvii by many trivial names, has been widely used as an indi- 
cator for many metal ions, tvhich form red complexes in alkaline solution; the 
free dye is blue in alkaline solution. In direct titration methods, the color change 
is from the red color of the metal-indicator complex to the blue color of the dye 
as the more stable metal-EDTA complex is formed. This indicator is also used in 
back titration and in displacement methods. 


18 Furman, N. Howell, Standard Methods of Chemical Analysis, 6th Ed.. Vol. I, D Van 
Nostrancl Co., Inc., Princeton, N. J., 1962. • n v an 

Analytical Uses of Ethylenediaminetetraacetic Acid, D. Van Nos- 
tmnd Co.. Inc., Princeton, N.J., 1958. 'auiNos 

46"'i 8,'46,‘T957?“ H., Chemist-Analyst, 45, 86, 111, 1956; 

-1 Reilley, C. N., and Schmidt, R. W., Anal. Chem., 31, 887, 19!59. 
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0 07 «■. of the solid indicator-potassium chloride-charcoal mixture), and 5 ml. of 
ny s'odium hydroxide containing 1 g. of sodium cyanide per 100 ml. Titrate with 
the EDTA solution to the color cliange from yellow-green to brown. Vigorous 
stirrino- duoughout the titration is necessary. Do not titrate under strong illumi- 
nation or under a fluorescent lamp. 

Applications —Titrations with EDTA are used extensively for the determination 
of calcium and/or magnesium hardness in water analysis; procedural details are 
mven elsewhere.-^ For applications in the titrimetric determination of many other 
cations, see the treatise by Welcher and the literature references given therein. 


OXIDATION-REDUCTION (REDOX) METHODS 

Oxidation-reduction methods depend upon the transfer of (one or more) elec- 
trons from the reducing agent to the oxidizing agent. The substance titratecl must 
all be in a reduced form for titration by an oxidant, or all in an oxidized form for 
titration by a reductant. Therefore, a preliminary oxidation or reduction may 
be required prior to titration; for preliminary redox methods, see Ayres or 
Laitinen.-" 

Indicators.'-^— A few oxidants, notably potassium permanganate and iodine, can 
act as their own indicators. Certain organic compounds can undergo oxidation 
or reduction, accompanied by a change of color which occurs at a definite poten- 
tial. For a given titration, a redox indicator should be selected which has a redox 
potential tliat coincides with, or is very close to, the equivalence point potential 
of the titration system; some latitude of choice is permissible because the potential 
of most redox titration systems changes very rapidly around the equivalence point. 
The reaction of most redox indicators is reversible; a few, for example, metliyl red, 
mediyl orange, and naphthol blue black, are irreversibly oxidized and decolorized 
by strong oxidants. Potentiometric detection of the end point in redox titrations 
is often used, but this method is beyond the scope of this treatment. Table 12-3 
lists several redox indicators, their color cliaracteristics, and their transition po- 
tentials. 

Diphenylaminesulfonate (barium or sodium salt) and 1,10-phcnanthroline-ferrous 
complex (“ferroin”) are used frequently in titrations with potassium dichromate 
and cerium(lV) solutions. 

Diphenylaminesulfonate Indicator.— Prepare a 0.2% aqueous solution of barium 
or sodium diphenylaminesulfonate. Use five drojrs of indicator per 100 ml. of 
solution. The color of the oxidized indicator is purple. 

Ferroin” Indicator.— Prepare a 0.025 M aqueous solution of 1,10-phenanthroline 
ferrous perchlorate (mol. wt. 795), or 1,10-phenanthroline feiTous sulfate (mol. wt. 


23 Furman, N. Howell, Standard Methods of Chemical Analysis, 6th Ed., Vol. I, p. 270, 
U. \an Nostrand Co., Inc., Princeton, N. 1962. 

Analytical Uses ot Ethylenediamincielraacetic Acid, D. Van Nos- 
trand Co.. Inc., Princeton, N. J., 1958. 

V “'"Pi’^'^cnsiye treatment, see Koltholl. 1. M.. and Belcher, R.. Volumetric 
"tt A ’ ' Vi Publishers. Inc., New York, 1957. 

York 1958 Chemical Analysis, Chap. 23, Harper and Brothers. New 

1960.^^”*"^"’ Analysis, Chap. 18, McGraw-Hill Book Co., Inc., New York, 

Volumelric Analysis, Vol, I, In.orsdence Pub- 
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Murexide.— This compound, the ammonium salt of purpuric acid, has been used 
especially in the titration of calcium (red complex at pH about 10), cobalt, nickel, 
and copper (yellow complexes); the dye itself is violet to blue in alkaline solution. 

Calcein.— This is the trivial name for fluoresceiniminodiacetic acid, introduced 
by Diehl and Ellingboe for use in the titration of calcium ion with EDTA. At 
pH above 12, the calcium complex is yellow-green and the indicator is brown. 
Calcein also forms complexes with barium and strontium, but not with magnesium. 

Reagents. Standard Solution of Dtsodium-EDTA.— Disodium ethylenediamine- 
tetraacetate dilijdrate (mol. wi. 372.2) is available in primary standard quality: 
iience a standard solution can be made by die direct method. Solutions for various 
uses will vary in concentration from about O.I to 0.01 M. For use in determining 
hardness in water, the solutions are usually made so as to have a simple integral 
titer of calcium or of calcium carbonate, e.g., 1.00 mg. of calcium carbonate per 
ml. of EDTA. Dissolve about 5 g. of disodium-EDTA diliydrate in about a liter 
of water; standardize against calcium as given below, 

pH 10 Buffer.— Dissolve 68 g, of ammonium chloride in 200 ml. of water; add 
570 ml. of concentrated ammonia, and water to make a liter. 

Standard Calcium Solution.— Dissolve 1.000 g. of pure calcium carbonate in the 
least amount of dilute hydrochloric acid. Make tlie solution barely alkaline with 
ammonia, and dilute witit water to exactly I liter; 1.00 ml. equals 1.00 mg. calcium 
carbonate or 0.400 mg. calcium. 

Eriochrome Black T Indicator.— Dissolve 0.5 g. of the dye and 5 g. of hydroxyl- 
amine hydrodiloride in 100 ml. of alcohol. 

Murexide Indicator.— Prepare a fresh saturated a()ueous solution (stable for 1 or 
2 days). Alternatively, mix die solid indicator with sodium cldoride in a 1:100 
ratio, and grind intimately. 

Calcein Indicator.— Dissolve 2 g. of indicator in 25 ml. of 1 sodium hydroxide, 
and dilute to 100 ml. Alternatively, grind 1 g. of indicator with 100 g. of potas- 
sium chloride, or 1 g. of indicator with 10 g. of cliarcoal and 100 g. of potassium 
chloride. 

Standardization of EDTA Solution. Using Eriochrome Black T.— Transfer 25.0 
ml. (pipet) of die standaid calcium solution to an Erleiimeyer flask, add about 25 
ml. of distilled water, 5 ml. of pH 10 buffer solution, two drops of 1% magnesium 
chloride solution, and five drops ol eriodirome black T indicator. Titrate with 
the EDTA solution to the color change from wine-red to blue; no trace of purple 
color remains at the correct end point. Run a blank with water, buffer, magne- 
sium chloride, and indicator in the same amounts as in the titration, and subtract 
the amount of the blank. (If the EDTA solution is to be used only for titration 
of calcium in the absence of magnesium, add 0.1 g. of MgCl2‘6H20 to the EDTA 
solution before standardizing; the magnesium ion provides the indicator action, 
and no blank correction is necessary.) 

Using Murexide.— Transfer 25.0 ml. (pipet) of the standard calcium solution to 
an Erlenmeyer flask, add about 25 ml. of distilled water, 1 ml. of 6 M sodium 
hydroxide, and about 0,2 g. of murexide-sodium chloride indicator mixture (or 
five drops of fresh saturated solution). Titrate with the EDTA solution to the 
color change from pink to blue-violet. 

Using Calcein.— To 25.0 ml. (pipet) of the standard calcium solution add about 
75 ml. of distilled water, one or two drops of calcein indicator solution (or about 

22 Diehl, H., and Ellingboe, J. L,., Anal. Chem., 28, 882, 1956. 
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0 07 °' of the solid indicator— potassium chloride-charcoal mixture), and 5 ml. of 

1 i\i s'odium hydroxide containing I g. of sodium cyanide per 100 ml. Titrate with 
the EDTA solution to the color change from yellow-green to brown. Viprous 
stirring throughout the titration is necessary. Do not titrate under strong illumi- 
nation or under a fluorescent lamp. 

Abblicatiom.-Titrations with EDTA are used extensively for the determination 
of calcium and/or magnesium hardness in water analysis; procedural details are 
<Tiven elsewhere.-^ For applications in the titrimetric determination of many other 
cations, see the treatise by Welcher and the literature references given therein. 


^ OXIDATION-REDUCTION (REDOX) METHODS-® 

Oxidation-reduction methods depend upon the transfer of (one or more) elec- 
trons from the reducing agent to the oxidizing agent. The substance titrated must 
all be in a reduced form for titration by an oxidant, or all in an oxidized form for 
titration by a reductant. Therefore, a preliminary oxidation or reduction may 
be required prior to titration; for preliminary redox methods, see Ayres or 
Laitinen.-' 

Lidicators.'-s—A few oxidants, notably potassium permanganate and iodine, can 
act as their own indicators. Certain organic compounds can undergo oxidation 
or reduction, accompanied by a change of color which occurs at a definite poten- 
tial. For a given titration, a redox indicator should be selected which has a redox 
potential that coincides with, or is very close to, the equivalence point potential 
of the titration system; some latitude of choice is permissible because the potential 
of most redox titration systems changes very rapidly around the equivalence point. 
The reaction of most redox indicators is reversible; a few, for example, methyl red, 
medryl orange, and naphthol blue black, are irreversibly oxidized and decolorized 
by strong oxidants. Potentiometric detection of the end point in redox titrations 
is often used, but this method is beyond the scope of this treatment. Table 12-3 
lists several redox indicators, their color characteristics, and their transition po- 
tentials. 

Diphenylaminesulfonate (barium or sodium salt) and 1,10'phenanthroliiie-ferrous 
complex (“ferroin”) are used frequently in titrations with potassium dichromate 
and cerium(IV) solutions. 

Diphenylaminesulfonate Indicator.— Prepare a 0.2% atiucous solution of barium 
or sodium diphenylaminesulfonate. Use five drops of indicator per 100 ml. of 
solution. The color of tire oxidized indicator is purple. 

Fenoin” Indicator.— Prepare a 0.025 M aqueous solution of 1,10-phenanthroline 
ferrous perchlorate (mol. wt. 795), or 1,10-phenanthroline ferrous sulfate (mol. wt. 


23 Furman, N. Howell, Standard Methods of Chemical Analysis, 6th Ed., Vol. I, p. 270, 
U. Van Nostrand Co., Inc., Princeton, N. 1962. 

-r U elcher, F. J., The Analytical Uses of Ethylenedianiinetetraacelic Acid, D. Van Nos- 
trand Co.. Inc., Princeton, N. J., 1958. 

I comprehensive treatment, see Koltholl, I. M., and Belcher, R., Volumetric 
nnatysis, \ol. Ill, Interscience Publishers, Inc., New York, 1957. 

Yoi^lS Chemical Analysis, Chap. 23,' Harper and Brothers. New 

Analysis, Chap. 18, McGraw-Hill Book Co., Inc., New York, 


-3 KolthofF, I. M., and Stenger, V. 
ushers, Inc., New York, pp. I05-14I, 1942.* 


Volumetric 


Analysis, Vol. 


I, Interscience Pub- 
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filter through fritted glass.^^ Alternatively, make up a large amount (e.g., carboy) 
of solution at room temperature and store in the dark for several weeks or months; 
siphon olf the solution and filter through a glass frit in preparation for stand- 
ardization. Store in a dark bottle. A stock solution should be restandardized 
from time to time; if any manganese dioxide has formed, filter before restandard- 
izino-. Preparation of a dilute standard solution by volumetric dilution of a more 
concentrated one with ordinary distilled water should not be practiced, on account 
of the presence of reducing substances in the water. 

Standardization.— Vvimvivy standard sodium oxalate and arsenic(lll) oxide are 
available from National Bureau of Standards and from chemical supply firms. 
Iron wire, ferrous ainmonium sulfate hexahydrate, and oxalic acid dihydrate find 
some use as secondary standards. 

Against Sodium Oxalate (Na^CoO^, mol. wt. = 134.01; equiv. wt. = 67.00).— This 
is the best primary standard for permanganate. Dry the solid at 105°C. Pour 
50 ml. of concentrated sulfuric acid slowly and with good stirring into 950 ml. of 
distilled water; boil die solution for 10 to 15 minutes, then cool to room tempera- 
ture. For standardization of 0.1 N permanganate, accurately tveigh about 0.3 g. 
of the di7 sodium oxalate and dissolve it in 250 ml. of the dilute sulfuric acid. 
Add about 90% of the expected volume of permanganate solution, with gentle 
stirring. Let stand until the permanganate color disappears (30 to 60 sec.) then 
heat the solution to about GO^C. and complete the titration to a faint pink color 
that persists for 30 seconds. The last milliliter or so of the permanganate should 
be added dropwise, allotving each drop to be decolorized before adding the next. 
Determine the blank using 250 ml. of the dilute sulfuric ackl at 60°C. The blank 
usually amounts to 0.05 ml. or less. 

Against Arsenic(III) Oxide (As^O^, mol. wt. = 197.82; equiv. wt. = 49.455).— Dry 
the primary standard at 105°C. To an accurately weighed 0.2-g. sample of dry 
standard add 10 ml. of 5 M sodium hydroxide solution; stir until the solid is com- 
pletely dissolved, add about 100 ml. of distilled water, 10 ml. of concentrated 
hydrochloric acid, and one drop of 0.025 M potassium iodate or potassium iodide 
(catalyst).^'- Titrate with potassium permanganate, dropwise near the end. to the 
first pink color permanent for 30 seconds. Run a blank, using the same amounts 
of alkali, water, acid, and catalyst as in the titration. 


POTASSIUM DICHROMATE METHODS 

As a titriraetric oxidant, the half-reaction equation for dichromate is: 

CroOr^ + 14H+ -f Ge' -> 2Cr+++ + VHoO, E° = 1.36 v. 

Potassium dichromate is a slightly weaker oxidizing agent than permanganate, 
which is advantageous for titrations in hydrochloric acid solution; it has the further 
advantages of being a primary standard, and of great stability of the solution. 
Because of die color of the reduced form (Cr+ + +, green), a redox indicator is 
required. 

Preparation of Standard Solution.— Primary standard potassium dichromate is 
available from National Bureau of Standards. For ordinary use, analytical reagent 

easily removed from the glass frit, after use. by treatment witli 
reVse containing a small amount of nitric acid; wash the frit well before 

as a cata™st^*'^^' ’ ^ solution of osmium tetroxide solution can be used 
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Table 12-3. Redox Indicators ® 


Indicator 

Color 

E®, V. 

Reduced 

Oxidized 

Indigo monosulfonate 

Colorless 

Blue 

, 0.26 

Phenosafranine 

Colorless 

Blue 

0.28 

Methylene blue 

Colorless 

1 Green-blue 

1 0.36 

I-NaphthoI-2-sul/bnic acid indophenoJ 

Colorless 

1 Red 

1 0.54 

3,3'-DimethyInaphthadine ... 

Colorless 

Ked-purple 

0.71 

Diphcnylamine 

Colorless 

Violet 

0.76 

3,3'-Dimethylnaphthadine sulfonate 

Colorless 

Red-purple 

0.80 

Diphcnylamine sulfonic acid 

Colorless 

Violet 

0.84 

N,N'-Tetramethylbenzidine-3'Sulfonic acid 

Colorless 

Yellow 

0.88 

Ferrous 2,2'-bipyridine sulfate 

Red 

Blue 

0.97 


Red 


1.00 

Ferrous 5-methyM,10-phenanthronnc sulfonate. . . 

' Red 

Blue 

1.02 

Ferrous 1 , 1 0-phenan throline(fcrroin) 

Red 

Blue 

1.06 

p-Niirodiphenylaminc 

Colorless 

Violet 

1.06 

Ferrous 5-niiro-l,10-phenanthrolinc(nitrofcrroin). . 

Red 

Blue 

1.25 

Ruthenium tridipyridine dichloride 

Colorless 

Yellow 

1.33 


Taken from Ayres, G. H., Quantitative Chemical Analysis, Harper and Brothers, New 
York, p. 417, 1958. Used by permission of the publisher. 


692).-“ The analyst will find that the rctluced form is an intense red, wheieas the 
oxidized form is a very pale blue- 

POTASSIUM PERMANGANATE METHODS 

Although potassium permanganate can undergo several dilferent reductions, it 
IS most commonly used in acid solution under conditions that give leduction to 
manganese(II): 

MnO^- + 8H+ + 5e -» Mn+-^ + 4 H 2 O, £“ = 1-51 v. 

Ill neutral solution permaiigante slowly decomposes, and it is also reduced by dust, 
organic matter, etc., in the water; the manganese dioxide formed by these reactions 
catalyzes the further decomposition of Uic permanganate. Permanganate solutions 
must be prepared empirically and then standardized. 

Preparation of Solution.— For each liter of 0.1 N solution to be prepared, use 
about 3.2 g. of potassium permanganate. Dissolve the desired amount of the salt 
in water, and boil the solution for one-half hour; allow to stand for 24 hours, then 

29 Obtainable as solids, or piepared in solution, fioni C. Frederick Smith Chemical Co., 
8G7 McKinley A\e., Columbus 22, Ohio. 
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alter tlirough fritted giass.^i Alternatively, make up a large amount (e.g., carboy) 
of solution at room temperature and store in the dark for several weeks or months; 
siphon off the solution and hlter through a glass frit in preparation for stand- 
ardization. Store in a dark bottle. A stock solution should be restandardized 
from time to time; if any manganese dio.xide has formed, filter before restandard- 
izin"^. Preparation of a dilute standard solution by volumetric dilution of a more 
concentrated one with ordinary distilled water should not be practiced, on account 
of tlie presence of reducing substances in the water. 

Standardization.— Primary standard sodium o.xalate and arsenic(III) oxide are 
available from National Bureau of Standards and from chemical supply firms. 
Iron wire, ferrous ammonium sulfate hexahydrate, and oxalic acid dihydrate find 
some use as secondary standards. 

Against Sodium Oxalate (Na.^CoO^, mol. wt. = 134.01; equiv. wt. = 67.00).— This 
is the best primary standard for permanganate. Dry the solid at 105°C. Pour 
50 ml. of concentrated sulfuric acid slowly and with good stirring into 950 ml. of 
distilled water; boil the solution for 10 to 15 minutes, then cool to room tempera- 
ture. For standardization of 0.1 N permanganate, accurately weigh about 0.3 g. 
of the dry sodium oxalate and dissolve it in 250 ml. of the dilute sulfuric acid. 
Add about 90% of the expected volume of permanganate solution, with gentle 
stirring. Let stand until the permanganate color disappears (30 to 60 sec.) then 
heat the solution to about 60°C. and complete the titration to a faint pink color 
that persists for 30 seconds. The last milliliter or so of the permanganate should 
be added dropwise, allowing each drop to be decolorized before adding the next. 
Determine the blank using 250 ml. of the dilute sulfuric acid at 60“C. The blank 
usually amounts to 0.05 ml. or less. 

Against Arsenic(III) Oxide (As^O.j, mol. wt. = 197.82; equiv. wt. = 49.455).— Dry 
die primary standard at 105°C. To an accurately weighed 0.2-g. sample of dry 
standard add 10 ml. of 5 M sodium hydroxide solution; stir until the solid is com- 
pletely dissolved, add about 100 ml. of distilled trater, 10 ml. of concentrated 
hydrochloric acid, and one drop of 0.025 M potassium iodate or potassium iodide 
(catalyst).^- Titrate wdth potassium permanganate, dropwise near tire end, to the 
first pink color permanent for 30 seconds. Run a blank, using the same amounts 
of alkali, water, acid, and catalyst as in the titration. 


POTASSIUM DICHROMATE METHODS 

As a titiimetric oxidant, the half-reaction equation for dichromate is; 


CraOr” + 14H+ + fie' 2Cr+++ + 7H.>0, E® = 1.36 v. 


Potassium dichromate is a slightly weaker oxidizing agent than permanganate, 
which is advantageous for titrations in hydrochloric acid solution; it has the further 
advantages of being a primary standard, and of great stability of the solution. 
Because of the color of the reduced form (Cr+ + +, green), a redox indicator is 
required. 

Preparation of Standard Solution.-Primary standard potassium dichromate is 
available from National Bureau of Standards. For ordinary use, analytical reagent 


31 Manganese dioxide is easily removed from the glass frit, after use, by treatment with 
reiise°°^” peroxide containing a small amount of nitric acid; wash the frit ivell before 

as^a cataiyst^^'^^^’ " solution of osmium tetroxide solution can be used 
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grade potassium dichromate in fine crystals is satisfactory. If the purity is in doubt, 
recrystallize three times from water. The solid should be dried at 150" to 200"C. 
For a liter of exactly 0.1 N solution, weigh 4.904 g. of pure standard (KXrgOj, mol. 
wt. = 294.22; equiv. wt. = 49.035), dissolve in and make up to volume with distilled 
water. If desired, the normality of an empirically prepared solution may be deter- 
mined by standardization against arsenic(III) oxide,^^ or against a like material 
(e.g., NBS iron ore if die dichroinaie is to be used for die determination of iron). 
In the titration of iron(Il), use five drops of diphenylaminesulfonate indicator, and 
titrate to tlie color change from green (Cr+ + +) to purple of the oxidized indicator. 

CERIUM(IV) METHODS 

The simple half-reaction Ce*+ + e-^Ce^+ docs not represent the true situation 
in solution on account of complex formation of cerium(IV), and to some extent of 
ceriuni(III), widi various anions as well as with water. The redox potential varies 
from about 1.3 v. to about 1.9 v., depending upon the anion present and the acid 
concentration. Solutions of cerium(lll) are colorless: aldiough the yellow-orange 
color of cerium(IV) can be used as a self-indicator, titrations with cerium(IV) are 
generally made with an indicator, such as ferroin or nitroferroin. Only one reduc- 
tion product is possible. Cerium(IV) can be used with solutions up to 3 M in 
hydrochloric acid; acidified sulfate solutions can witlistand prolonged boiling widi- 
out loss of oxidizing capacity. 

Preparation of Solution.— Ammonium hexaniiratocerate(IV) is available in pri- 
mary standard purity, and can be used for preparation of a direct standard solution. 
If nitrate ion cannot be tolerated in its intended use, it can be removed by fuming 
down with sulfuric acid. Empirical solutions can be made by dissolving cerium(IV) 
oxide or sulfate, or ammonium irisulfatocerate(IV) in sulfuric acid sufficient to give 
a final solution about 0.5 to 1 N in sulfuric add. 

Direct Standard Solution.— Dry the primary standard ammonium hexanitraioce- 
rate(IV) at 85"C. for 4 to 6 liours. For a liter of exact 0.1 N solution, neigh out 
54.83 g. of the dry (NH4)2Ce(N03)5 (mol. wt. and equiv. wt. » 548.26), add 55 ml. 
of concentrated sulfuric acid, and stir for 2 minutes. Add 100 ml. of distilled 
water gradually over several minutes, without stirring. Repeat the addition of 100 
ml. of water, with good stirring, several more times. When dissolution is complete, 
transfer to a 1-liter flask and dilute to volume. 

Empirical Solution.— For a liter of 0.1 N solution, use about 17 g. of CeOo, or 
33 g. of Ce(S04)2. or 50 g. of (NH4)2Ce(S04)3-2H20. Dissolve the solid in sulfuric 
acid as described above for the direct standard solution, and dilute to about a 
liter. Standardize by one of the metJiods given below. 

Standardization. Preparation of Catalyst, a. Iodine AIonochloride.^^—'To 20 
ml. of 0.025 M potassium iodate add 25 ml. of 0.04 M potassium iodide and 40 ml. 
of concentrated hydrochloric acid. Add 5 to 10 ml. of carbon tetrachloride, and 
either more iodate or more iodide (dropwise) as needed until the carbon tetra- 
chloride, after good shaking and settling, has only a barely perceptible pink color 
of free iodine. The aqueous solution is about 0.017 M in iodine monochloride, 
ICl. b. Osmium Tetroxide. Prepare a 0.25% (about 0.01 M) solution of osmium 
teiroxide (osmic acid) in O.I M sulfuric acid. 

33 Willard. H. H., and Young, P., Iiid. Eng. Cheiu., Anal. Ed.. 7, 57, 1935. 

3* I OF an evcellent survey of ceriuin(lV) oxidimetry, sec Laitinen, H. A., op. cit. 

35 Willaid, H. H., and Young, P., J. Am. Chem. Soc., 50, 1322, 1928; 55, 3260, 1933. 
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oSs M errein inilicaL aad titrate with the cerium(lV) solution to tlie color 
cinni from red to pale blue or colorless, with no return of the pink color w.dt.n 
fmtaute. Titration without a catalyst can be made as follows: dissolve the sodium 
oxalate in 200 ml. of 1:10 (by volume) hydrocliloric acid. Heat the solution o 
70°C. and titrate to the first faint permanent yellow color of excess cerium(iy). 
Run a blank on 200 ml., of water containing 1 ml. of concentrated sulfuric acid; 
heat to 70° C. and titrate to the same color. The blank is usually about 0.05 ml. 


of 0.1 iY solution. 

Standardization Against Arsenic(III) Oxide (AsoOg, mol. wt. - 197.8-; eqin\. 
wt. = 49.455).-Dissolve tlie dry, tveighed primary standard (about 0.2 g.) in 10 ml. 
of 1 N sodium hydroxide, add 50 ml. of I N sulfuric acid, three drops of osmium 
tetroxide catalyst, and one or two drops of ferroin indicator. Titrate, slowly near 
tlie end, until the red color is cliscliarged. 


IODINE METHODS 

* The half-reaction R 4 - 2e- 2I-, or more correctly 

I3- + 2e- 5=± 31“ E" = 0.5355 v. 

can be used analytically in either direction. Strong reductants can be titrated 
directly ividi iodine solution (iodimetry), and strong oxidants can be determined 
indirectly by oxidation of iodide to free iodine which is titrated with sodium 
thiosulfate solution (iodometry). The principal sources of error are air oxidation 
of iodide (whicli is catalyzed by many substances), and loss of iodine by vola- 
tilization. 

Indicators—Stiirch. imparts a deep-blue color to iodine solution even at very low 
concentration (10-“ N): however, no color develops in aqueous solutions near the 
boiling point, or in solutions containing a high concentration (e.g., 50% or more) 
of edianol, and starch cannot be used in strongly acidic solutions. In indirect 
iodine methods tlte starch indicator should not be added until most of the iodine 
has been reduced. Starch indicator should be freshly prepared, or stabilized by 
addition of a preservative such as mercuric iodide or formamide. A tvater-iminisci- 
ble organic liquid, such as carbon tetrachloride or chloroform, can often be used 
ad\ antageotisly as indicator, a distinct pink color is imparted to tire organic phase 
by a very low concentration of iodine. 

Preparation of Starch Indicator.-Mix 2 g. of soluble starch with cold water to 
form a drin, sraoodi paste. Pour dre paste into a liter of boiling rvater, and boil 
for a few minutes if necessary to clarify the solution. To the hot solution add a 
few milligrams of mercuric iodide as a preservative. The solution is stable for 
long periods, but it should be discarded if it gives with iodine a violet or red color 
instead of the characteristic deep-blue color. 

lodme Solutfon.-Although a direct standard solution can be prepared from re- 
subhmed iodine, the method is inconvenient on account of the technique required 
111 weighing and transferring without loss of iodine by volatilization. It is cus 
tomary to prepare an approximate solution which is then standardized 
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Preparation of 0.1 N Solution.— Weigh roughly 13 g. of analytical reagent re* 
sublimed iodine (equiv. wt. = 126.91) and 40 g. of potassium iodide (free from 
iodate) and transfer to a mortar. Grind the solids under about 50 ml. of distilled 
water, pour oft thq solution into a bottle, and repeat the operation until the solids 
are all dissolved. Dilute to about a liter, and mix thoroughly. Store in a dark 
bottle, preferably of resistance glass if long storage is anticipated. It is advisable 
to let the solution stand for 24 hours or so, with occasional shaking, to ensure 
complete dissolution of the iodine before standardization. 

Standardization Against Arsenic(III) Oxide (As^jOg, mol. wt. = 197.82; equiv. 
wt. = 49.455).— Primary standard arsenic(Ul) oxide, available commercially or from 
the National Bureau of Standards, is tlie best standard for iodine solution. Dry tlie 
solid at 105®C. Accurately weigh about 0.2 g. of tlie dry standard into an Erlen- 
me)er flask; dissolve tlie solid in 10 ml. of 1 IV sodium hydroxide then add 10 to 
12 ml. of 1 N sulfuric acid. Dissolve I g, of sodium bicarbonate in about 50 ml. 
of water, and slowly add the bicarbonate solution to tlie arsenite solution. Add 
5 ml. of starch indicator solution, and titrate with the iodine solution to tlie 
appearance of the first permanent blue color. A fading end point is due to insuf- 
ficient bicarbonate; in that eseni, add more bicarbonate and complete the titration. 
As an alternative to the use of separate weighed samples of primary standard, 
measured aliquots of a standard arsenite solution, prepared from primary standard 
AsgOg, can be titrated, in solution buffered with sodium bicarbonate. 

Thiosulfate So/u<ton.— Pure sodium thiosulfate pentahydraie can be prepared by 
scteral recrystallizations from water, followed by drying in air and then otcr 
deliquescent calcium chloride hexaliydrate. The pure hydrate of sodium thio- 
sulfate IS stable oser a svide range of relative humidity. Although preparation 
of a direct standard solution is possible, this would require availability of a large 
quantity of the pure material. The solution is therefore usually prepared em- 
pirically and tlien standardized. Often it is comenieni to have iodine and thio- 
sulfate (or arsenite) solution that have been standardized independently, and the 
standardizations checked by making a direct comparison titration of the iodine 
solution by the thiosulfate (or arsenite) solution. 

PrejJaration of O.l N Solution.— In a large flask, boil about a liter of distilled 
water for several minutes; 3® stopper the flask and cool the water to room tempera- 
ture. Dissolve about 25 g. ol Na32C)j-5H«0 (mol. wt. and equiv. wt. = 248.21) in 
the water, add 1 g. of sodium carbonate, and mix thoroughly. 

Standardization.— Several different substances are suitable primary standards: 
iodine, potassium iodate, potassium bromaie, potassium hexacyanoferrate(II), po- 
tassium dichromate, metallic copper, copper sulfate hexahjdrate, etc. The choice 
may be one of convenience or availability, or may be based on the determination 
for which tlie thiosulfate is to be used. 

Against Potassium Iodate {KIO^, mol. wt. =214.01; equiv. zol. = i5.67).— Analyt- 
ical reagent potassium iodate is u s.itisfactory standard; dry it at 160° to 180°G. 
Transfer the accurately neighed sample, about 0.15 g., to an Erlcnmeyer flask; dis- 
solve the solid in about 50 ml. of recently boiled and cooled distilled water. Add 

3'j Boiling the uater senes to (1) remove dissolved oxygen to decrease the ovygen error; 
(2) remove carbon dioxide, nhich causes slow disproportionation of the thiosulfate: (3) 
destroy microorganisms that decompose thiosulfate. Addition of a small amount of alkali 
(sodium carbonate) also retards bacterial action. 

37 Kolthoff, I. M., and Belcher, R., Volumetric Anahsis, Vol. Ill, Interscience Publishers, 
Inc., New York, pp. 234-243, 1957. 
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4 a of potassium iodide, and when it has dissolved add a solution of 1 ml. of 
concentrated hydrochloric acid in 15 ml. of water. Titrate the liberated iodine at 
once with tlie thiosulfate solution until the yellow color is almost discharged, then 
add 5 ml. of starch indicator solution and complete the titration just to the dis- 
appearance of blue color. Run a blank, using the same amount of potassium 
iodide, hydrochloric acid, water, and indicator. 

Against Metallic Copljer (Cii, at. tot. and equiv. lul. = (55.5-/).-Clean the super- 
ficial corrosion from electrolytic copper foil by short treatment with dilute nitric 
acid; wash well, and dry thoroughly. Accurately weigh samples of about 0.25 g. 
Dissolve the metal in dilute nitric acid, and boil down to incipient crystallization. 
Take up in about 20 ml. of water, carefully add dilute ammonia until present in 
slight excess, tlien acidify with acetic acid. Dilute to about 100 ml., add 4 g. of 
potassium iodide, and titrate the liberated iodine with thiosulfate until the yellow' 
color is almost discharged. Add 2 g. of potassium thiocyanate and 5 ml. of starch 
indicator, and complete the titration dropw'ise to disappearance of the blue color. 

DETERMINATION OF WATER BY ICARL FISCHER 

METHOD 38.30.40 

The direct deteimination of w'ater by titration with Karl Fisclier reagent (KFR), 
which contains iodine, sulfur dioxide, pyridine, and methanol, finds wide use. 
The overall reaction can be represented as 


H2O -f GsHsN-SOo + C5H5NT2 + C5H5N + R0H->C5H6N(H)S04R + 2C5H6N-HI 


For further details of the use of this reagent, see Chapter 21 on The Determina- 
tion of Water. 

Preparation of Karl Fischer JRengent.— The reagent generally favored contains 
iodine, sulfur dioxide, and pyridine in a mole ratio 1:3:10, diluted with methanol 
(or with methyl "Cellosolve”) so that I ml. of reagent solution reacts witli 3 to 4 
mg. of water. Preparation according to Smith, Bryant, and Mitchell*! is as fol- 
lows: To a dry I-liter glass-stoppered bottle transfer 84.7 g. (0.33 mole) of iodine 
and 269 g. (3.3 moles) of dry pyridine (less than 0.1 7^ Avater). Shake to dissolve 
the iodine, then add 667 ml, of anhydrous methanol (less than 0.1% tvater). Sev- 
eral days before tlie reagent is needed, cool die stock solution in an ice bath. Col- 
lect 64 g. (44.5 ml., 1 mole) of anhydrous liquid sulfur dioxide in a cold trap im- 
mersed in solid carbon dioxide and protected from atmospheric moisture. Add the 
liquid sulfur dioxide slowly to the cold stock solution, and mix by shaking. Stop- 
per the mixture, let it come to room temperature, and allow it to stand a few 
days before using. The reagent is best used in an all-glass automatic buret and 
gravity-fill or vacuum-fill reservoir protected with drying tubes. Closed titration 
systems provided with magnetic stirring are often used, although glass-stoppered 
volumetric flasks are satisfactory for rapid titration with visual end-point detection 

Because of side reactions, the KFR decreases in strength with a4. Most of the 


Yovk!l 948 ^“’ AqU'T^ctry, Interscience Publishers, Inc., New 

7 Koltholf, I. M., and Belcher, R., Volumetric Analysis, Vol. Ill Clnn T\' Tnfo.-c,-- 
Publishers, Inc., New York, 1957. ' ’ P’ ^^^^eiscience 

*0 Mitchell, J., Jr., in Treatise on Analytical Chemistry, I, M. KolthofF and P t pi,.; 
Ed., Part II, Vol. 1, Interscience Publishers, Inc., New York pp 8'>-95 iQfii ' 

19 *!Smith. D. M., Bryant. IV. M. D., and Mitchell. J., Jr., fAm. Chem Soc., 61, 2407, 
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change occurs in the first 2 or 3 days, and after a week the strengdi dianges about 
1 % per day. A freshly prepared solution should be allowed to stand for at least 
24 hours (preferably a few days) before being standardized, and the reagent should 
be restandardized once or twice each day it is used. A reagent containing all com- 
ponents except sulfur dioxide is more stable and less hygroscopic than the complete 
reagent; sulfur dioxide is added to the stock solution a few days before the re- 
agent is needed. 

Standardization. Against Waier-Mcthanol Solution.— Accurately weigli about 15 
g. of distilled water into a dry I-liter volumetric flask, dilute to the mark with 
anhydrous methanol, and mix thoroughly. Glass-stoppered 100-ml. volumetric 
flasks stored in a desiccator arc convenient titration vessels. Titrate several lO-ml. 
aliquots of water-methanol solution with tire K.FR,' also titrate several 10-ml. por- 
tions of anhydrous methanol to obtain die blank correction. The water-methanol 
solution is stable if protected from evaporation, and it can be used for back titra- 
tion of KFR if desired. 

By reaction with water, the dark-brown color of iodine in the K.FR changes to 
a canary-yellow color; the eiid-poiiit color cliange from yellow to red-brown of 
excess iodine is sharp and reproducible. Electrometric end points are more sensi- 
tive than the visual; the "dead-stop” method, and the potentionietric method using 
platinum-tungsten bimetallic electrodes, are commonly employed. 

Against Pure Water.— Place about 25 ml. of anhydrous methanol in the titration 
flask and titrate with KFR. From a weight buret accurately weigh about 150 mg. 
of water into the titrated metlianol, and again titrate with KFR. 

Several stable crystalline hydrates have been proposed as standards for water. 

Determination of IVater.-'Xlie sample is dissolved or suspended in anhydrous 
methanol and titrated with KFR as in the standardization. Parallel titration of 
a standard water sample should be made, as well as a blank on the methanol; 
apply the blank correction to both standard and sample. Several substances inter- 
fere with the determination; for details, consult the general references given for 
this section. For further details on the use of this reagent, sec Chapter 21 on The 
Determination of Water. 


lODATE METHODS 

The reaction of potassium iodate as an oxidant is markedly influenced by the 
nature of die reducing agent and by the solution medium. In die presence of 
3 to 9 M hydrochloric acid and strong reducing agents, the reaction proceeds 
through the formation of iodine monochloride, ICI, or its chloro-complex, ICln". 
The iodine formed in the early stages of titration is oxidized by the iodate to form 
iodine chloride. The overall half-reaction may be represented by 

IO 3 - + 6H+ + 2Gr + 4e- ^ IClg- + SHaO 
and die equivalent weight of potassium iodate is KIO 3/4 = 53.502. The end 
point in the titration is the disappearance of the iodine color in an immiscible 
solvent such as carbon tetrachloride or chloroform, or the decolorization of cer- 
tain organic compounds, often irreversibly, by the first excess of iodate. Many 
reducing agents can be determined by iodate titration in strong hydrochloric 
acid solution. In addition, the reaction 


*3 Jamieson, G. S, Volumetric Iodate Methods, Reiiiliold Publishing Corn., New York, 
1926. 


« Kolthoff. I. M . and Belcher, R., op. cit.. Chap. X. 
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lOs" + 51“ + 6e — > 3I2 + 3H2O 

is quantitative with respect to any one ol the three reactants when the other two 
are present in excess. The reaction can be used for the generation of iodine in 
situ In this reaction the equivalent weight is KIO.5/6 = 35.67. 

Prebaration of Standard Solution.-Analytical reagent potassium lodate is suit- 
able for direct use after drying at 160“ to 180“C. Weigh the appropriate amount »» 
of the dry solid and make to volume with distilled water. 


BROMATE METHODS 

The reaction of bromate, which is a strong oxidant, in acid solution gives 
bromide ion, which is then oxidized by more bromate to give free bromine; the 
overall reaction can be represented by 

Br03“ + 5Br- + 6H+ 3Br2 + 3H2O 

Since bromine is itself a good oxidizing agent, a solution of potassium bromate is 
a convenient source of in situ generation of an equivalent amount of bromine. 
The end point in titrations is the first appearance of free bromine, detected by 
the irreversible decolorization of certain dyestuffs such as methyl orange or naph- 
thol blue black, or by reversible indicators such as a-naphthoflavone, /z-ethoxy- 
chrysoidine, or quinoline yellow. Potassium bromate is applicable to the titri- 
metric determination of a large number of inorganic compounds. Bromate-bro- 
mide mixtures are used for the titrimetric bromination (substitution) of many or- 
ganic compounds, such as aniline, phenols, 8-quinolinol, etc. The method is 
applicable also to the determination of unsaturation in organic compounds by 
addition of bromine to double bonds. 

Preparation of Sta7idard Solution (KBrO^, mol wt. = 167.02; equiv. lot. = 27.81). 
-Analytical reagent potassium bromate is a suitable primary standard: it should 
be dried at 180“C. For preparation of a liter of exact O.I N solution, weigh 2.7-18 
g. of the pure dry compound, and make to volume with water. 


4-* Fox a liter of exactly 0.1 A solution, take a.SaO g. for use in strong hydrochloric acid 
• chloride reaciiou; as a source of iodine, take 3.567 g. A solution whiclx 

IS q.loqo A in strong hydrocliloric acid is 0.1500 A' as a source of iodine; ox-, a solution 
which IS q.iqOO xY as a source of iodine is 0.0667 A' for use in strong hydrochloric acid 

Kolthoff, I. M., and Belcher, R., op. c/t.. Chap. XII ‘ ^ 

In'clNew Yotk, ^ ’ Publishers, 
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ACID-BASE TITRATIONS 
IN NONAQUEOUS SOLVENTS 

By James S. Fritz 

Department of Chemistry and Institute for Atomic Research 
Iowa Slate University 
Ames. Iowa 


/ntroduction.— Acid-base titrations represent a general and valuable method for 
determining organic compounds having pronounced acidic or basic properties. 
Titration of such compounds in water is limited in scope, however, due to slight 
solubility and because in many cases their acidic or basic strength is too slight to 
give a sharp end point. Titration in nonaqueous solvents permits accurate de> 
termination of literally hundreds of acids and bases which cannot be titrated satis* 
factorily in water or alcohol-water mixtures. Good methods are now available for 
titration of most aromatic, aliphatic, and heterocyclic amines as bases and for the 
titration of carboxylic acids, acid anhydrides, enols, imides, and phenols and even 
alcohols as acids. Afany organic and inorganic salts can be titrated, some as acids 
and otliers as bases. 

Although the history of acid-base titrations in nonaqueous solvents dates back 
at least sixty years, the bulk of analytical papers on this subject are of recent 
publication. Unlike many recent analytical developments, diis method is quite 
simple and requires no elaborate equipment. Indeed titration in nonaqueous sol- 
vents possesses the virtues of an ideal analytical method; speed, accuracy, and sim- 
plicity of technique and equipment. 

Acid-base titrations in either water or nonaqueous media are general and do 
not ordinarily differentiate between different types of acids or bases. Although 
a widely applicable method of this type is valuable, it would be useful to make 
tlie method more selective in certain instances. This has been accomplished in 
the analysis of amine mixtures. Tertiary amines can be determined in die pres- 
ence of primary and secondary amines after acetylation in acetic anhydride-acetic 
acid solution. Secondary amines can be determined in die presence of primary 
amines by Rrst treating the mixture with salicylaldehyde. 

DETERMINATION OF AMINES 

This procedure can be used to determine aliphatic and aromatic amines and 
basic nitrogen heterocyclic compounds. The presence of electron-wididrawing 
groups in an aromatic ring weakens the basic strength of the amine and may pre- 
vent its successful titration. Any of the monochloroanilines can be titrated, m- 
278 
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Nitroaniline can be titrated; ^-nitroaniline can be titrated potentiometrically, al- 
drourthe potentiometric break is not very sharp. o-Nitroaniline is too weakly 
basic^to be dtrated. Pyridine, quinoline and related compounds, oxazoles, and 
thiazoles can be titrated; but pyrroles, indoles and certain other nitrogen hetero- 
cyclic compounds cannot be determined as bases. ^ , , _ , . 790 / 

Reagents and Equipment, Perchloric Acid, 0.1 IV.-Add 8.5 ml. of 70 to 7-% 
perchloric acid to about 200 ml. of ACS grade glacial acetic acid in a Miter volu- 
metric flask. Add 25 g. of ACS grade acetic anhydride and stopper the flask. 
After 1 hour, dilute to volume with ACS glacial acetic acid. Standardize against 
potassium acid phthalate as described in the procedure. , r 1 • 1 

Crystal Violet Indicator.— Dissolve 0.2 g. of crystal violet in 100 ml. of glacial 


acetic acid. 

Solvents.-Use ACS grade glacial acetic acid or the best available grade of nitro- 
methane or chlorobenzene. 

Titrimeter.— Use a pH meter on the millivolt scale or other direct-reading titri- 


meter. 

Electrodes.— Use an all-purpose glass indicator electrode. Use a fiber-type calo- 
mel reference electrode for titrations in nitromethane or acetic acid, and a sleeve- 
type calomel electrode for titrations in chlorobenzene. Keep electrodes in water 
when not in use. Wipe the water from the electrodes with paper tissues before 
using. 

Procedure.— Dissolve a sample containing 0.4 to 1.0 milliequivalents of amine in 
25 ml. of acetic acid, nitromethane, or chlorobenzene and titrate using a 10-ml. 
buret. Alternatively use a sample containing 2 to 4 milliequivalents of amine and 
titrate using a 50-ml. buret. Add one or two drops of crystal violet indicator and 
titrate potentiometrically with 0.1 N perchloric acid, plotting tlie potential in 
millivolts against the volume of titrant added. Note the indicator color at the 
point of maximum slope in tlie potentiometric curve. Subsequent titrations of 
die same type sample may be carried out visually using this color to determine 
the end point. If tlie visual color change is not sharp, carry out subsequent titra- 
tions potentiometrically. 

Standardize the perchloric acid titrant against primary standard-grade potassium 
acid phthalate. Dissolve die potassium acid phthalate in glacial acetic acid with 
gentle boiling to effect solution. Titrate with perchloric acid as described above. 


DETERMINATION OF AMINO ACIDS 
Reagents and Equipment. Sodium Acetate, 0.1 A^-Dissolve 8.2 g. of anhydrous 
sodium acetate in about 200 ml. of glacial acetic acid, heating if necessary to ef- 
fect solution. Cool and dilute to 1 liter. 

Other reagents and equipment are described under “Determination of Amines ” 
Procedure.-Dissolve an amino acid sample containing 0.4 to 0.8 milliequivalent 
of basic nitrogen in exactly 10.00 ml. of 0.1 N perchloric acid. Alternativelv dis- 
solve a sample containing 2 to 3 milliequivalents of basic nitrogen in e.xactly 50.00 
m . of 0.1 AT perchloric acid. Add one or two drops of crystal violet indicator and 
back-titrate die excess perchloric acid with 0.1 N sodium acetate. Take the firsi 
permanent violet tinge of the indicator as the end point. The sodium acetate 
lrodes°" ^ potentiometrically using glass and calomel elec- 
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DETERMINATION OF WEAK TERTIARY AMINES 

Reagents and Equipment. Perchloric Acid, O.I Prepare a solution in glacial 
acid as described under “Determinadon o! Amines." Standardize against potassium 
acid phthalate according to that same procedure. 

Triphenylmethanol Indicator.— Dissolve 0.1 g. o£ triphenylmelltanol in 100 ml. 
of nitromethane. 

Solvents.— Use ACS grade acetic acid and acetic anhydride. Use the best avail- 
able grade nitromethane. 

Titrimeter.— Use a pH meter on the millivolt scale or other direct-reading ti- 
trimeter. 

Electrodes.— Use an all-purpose glass indicator electrode and fiber-type calomel 
reference electrode. 

Procedure.— Dissolve a sample containing 0.4 to I.O milliequivalent of base in 
25 ml. of 4 to 1 nitromethane-acetic anhydride. If the sample is not readily solu- 
ble in this solvent mixture, dissolve instead in a small volume of acetic acid, heat- 
ing if necessary. Then add nitromethane-acetic anhydride. Titrate potentiomet- 
rically with 0.1 N perchloric acid, adding the titraiit from a 10-ml. buret. Plot the 
potential in millivolts against the volume of titrani added; take tlte point of 
maximum slope in the potentlometrk curve as the end point. 

A solvent blank must be determined to correct for the titrant required to bring 
the solvent mixture to the equivalence point potential of tlie sample. This usually 
amounts to 0.01 to 0.05 ml. and is subtracted from the volume of perchloric acid 
required to titrate the sample. 

Many compounds can be titrated visually using two drops of triphenylmetlianol 
indicator. To check wliether this is possible for a given compound, first titrate a 
sample potcntiometrically with indicator added. If the color change coincides 
with the potentiometric end point, a visual titration of that compound is possible. 

DETERMINATION OF AMINE SALTS 

This procedure is applicable to the titration of amine salts, provided the salt 
can be dissolved in glacial acetic acid. Amine nitrates are titrated to form nitric 
acid as a neutralization product; amine sulfates are titrated to the bisulfate. 
Amine h^drohalides can be titrated only if mercuric acetate is added before ti- 
tration. 

Reagents and Equipment. I.4-Dioxanc.— To I liter of "purified” 1,4-dioxane, 
add about 15 g. of air-dried cation exdiange resin (sulfonic acid type) in the hy- 
drogen form. Shake occasionally over a period of several hours. Filter off the 
resin and use the resulting solvent in the preparation of the percliloric acid titrant. 
(This treatment prevents the formation of a deep-brown color when percliloric 
add is mixed with dioxane.) 

Perchloric Acid, 0.1 A.— Dissolve 8.5 ml. of 70 to 72% perchloric acid in 1 liter 
of 1,4-dioxane that has been shaken witli ion exdiange resin. Standardize the per- 
diloric acid by titration of primary standard grade potassium acid phthalate in 
glacial acetic acid (see Procedure under "Determination of Amines’’). 

Mercuric Acetate.— Dissolve 6 g. of mercuric acetate in 100 ml, of hot glacial 
acetic acid and cool to room lempexaiuTe. 

Titrimeter.— Use a pH meter on tlie millivolt scale or other direct-reading ti- 
trimeter. 
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Electrodes.-Use an all-purpose glass indicator electrode and a sleeve-type calo- 
mel reference electrode. If the calomel electrode becomes contaminated with mer- 
curic acetate and causes erratic potential readings, remove the electrolym, rms 
ivitli water, then with saturated potassium chloride solution, and refill with satu- 
rated potassium cliloride. . , ^ , ,7 

Proc^dure.-Dissolve in 20 ml. of glacial acetic acid a finely powdered sam- 
ple that will require 4 to 9 ml. of 0.1 N perchloric acid for titration. Heat to dis- 
solve the sample if necessary. Alternatively dissolve a sample that will require 
^0 to 40 ml. of 0.1 N perchloric acid for titration in 80 ml. of glacial acetic acid. 
If the salt is a hydrohalide, add 2.5 ml. of mercuric acetate solution for each 20 
ml. of glacial acetic acid used to dissolve the sample. Titrate potentiometrically 
witli 0.1 N perchloric acid, plotting the potential in millivolts against the volume 
of titrant. 


DETERMINATION OF TERTIARY AMINES 

This procedure is used to determine tertiary amines in samples that also con- 
tain primary and secondary amines. Most of the basic nature of primary and sec- 
ondary amines is destroyed by acetylation. 

RNH.7 (or ArNHo) + (CH3C0)20 -> CH3CONHR + CH3CO2H 

R2NH (or ArNHR) -f (CH3CO)20 CH3CONR2 + CH3CO2H 

The tertiary amine is not affected by acetic anhydride and can be titrated with 
perchloric acid in glacial acetic acid. 

Reagents and Equipment. Perchloric Acid, 0.1 N.— Prepare and standardize a 
solution in glacial acetic acid as described under “Determination of Amines.” 

Titrimeter.— Use a pH meter on the millivolt scale or other direct reading ti- 
trimeter. 

Electrodes.— Use an all-purpose glass indicator electrode and a fiber-type calomel 
reference electrode. 

Procedure.— Weigh a sample that contains not more than 1 milliequivalent of 
tertiary amine and not more than 0.5 g. of water into a 5-in. test tube. Cool in 
an ice bath and add with swirling 5 ml. of ACS grade acetic anhydride. Stopper 
tire test tube loosely, lemoi^e fiom tlie ice bath, and allow to stand one-half hour 
at room temperature. Sterically hindered amines may require a longer reaction 
period or heating for acetylation to be complete. Rinse the contentrof the test 
tube into a titration vessel with 25 ml. of glacial acetic acid. Titrate the tertiary 
amine potentiometrically with 0.1 perchloric acid. Determine the end point 
of the titration by plotting the potential in millivolts against the volume of per- 
chloric acid titrant. Determine the volume of 0.1 N perchloric acid to titrate a 
solvent blank to the equivalence point potential of the sample, and subtract from 
the volume of add required to titrate the sample. 


DETERMINATION OF CARBOXYLIC ACIDS 

Reagents and Equipment. Sodium Methoxide, 0.1 Ah— Add 50 ml nf nhc^i , 
methanol and 50 ml. of dry benzene to a 2-1. flask and cover the fla^wi h . n 
,va.ch glass Freely cul about 5 g. ol sodium metal. Jsh b brtf 
methanol, then add „ to the flask containiug the benaene and metha“T « ,1 " 
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reaction of sodium with the metlianol becomes too vigorous, cool the flask by im- 
mersion in an ice bath; if the reaction bca>mes too slow, add more methanol. 
When the sodium has completely dissolved, add 200 ml. additional methanol and 
dilute to 1.5 1. with dry benzene. Standardize the sodium methoxide by titration 
of pure benzoic acid according to die procedure given below. 

Azo Violet Indicator.— Prepare a saturated solution of p-nitrobenzeneazoresor- 
ciuol in benzene. 

Thymol Blue Indicator.— Dissolve OJ g- of thymol blue in 100 ml. of methanol. 

Benzene-methanol.— Mix 4 volumes of benzene with 1 volume of metlianol. 

Dimethylforroamide.— Use reagent grade if available. The commercial solvent 
may be purified by passage through a column of activated alumina. 

Buret.— Use a 10-ml. buret that can be read accurate to ±0.01 ml. or belter. 

Titration Vessel.— Use a flask with a 1-hole cover dial will admit the buret tip 
but will protect the solution from carbon dioxide in the air. Titration under 
nitrogen is desirable. 

Procedure.— Dissolve a sample containing 0.4 to 0.8 milliequivalent of acid in 50 
ml. of dimethylformamide or benzene-medianol. Add two drops of diymol blue in- 
dicator and titrate with 0.1 N sodium methoxide to a clear blue end point. If 
dimediylforraamide solvent is used, add two drops of thymol blue to 25 ml. of sol- 
vent and neutralize to a clear blue color. Immediately add tire sample and titrate 
as above. Subtract the solvent blank from the final buret reading. 

Some dibasic acids are too weak to give a sharp thymol blue end point. In 
such cases, add two drops of azo violet indicator and titrate the sample to a clear 
blue color in dimethylformamide. Determine the solvent blank using azo violet 
indicator. 


DETERMINATION OF ORGANIC ACIDS 

This procedure can be used to determine virtually any organic compound that is 
soluble in one of the solvents recommended and is sufficiently acidic to be titrated as an 
acid. Specifically, the following types of compounds can be determined: Carboxylic 
acids, phenols, ends of the type A — CHj — A' and imidcs of the type A — NH — A' (where 

o o o 

II II II 

A and A' represent — C — R, — G — H, — C — OR, or — C— N), sulfonamides of the 
type ArSOjNH — , and certain nitro aromatic amines.* In many instances, mixtures of 
acidic oiganic compounds can be analyzed by differentiating potenliometric titrations.* 

Reagents and Equipment. Tetrabulylammonium Hydroxide, 0.1 IV.— Dissolve 
40 g. of pure tetrabulylammonium iodide in 60 ml. of absolute methanol In a 
glass-stoppered flask. Cool the solution in an ice bath, then add 20 g. of reagent 
grade silver oxide. Immediately restopper tlie flask and shake vigorously for a 
minute or two. Continue to cool the flask in an ice bath; shake vigorously from 
time to time during a period of I hour. Filter the solution under nitrogen; wash 
the precipitate with 50 ml. of absolute methanol added in two or three portions. 
Dilute the combined filtrate and washings to 1 liter with dry benzene. Flush the 
solution for 5 minutes with purified nitrogen and store in a reservoir protected 
from carbon dioxide and moisture. Standardize the tetrabulylammonium hydrox- 

1 fritz, J. S. Mo)e. A. J., and Richaid, M. J.. Anal. Chem., 29, 1685, 1957. 

2 Fmz, j. S., and \ amamura, S. S.. .-Vnal. Chem., 29, 1079, 1957. 
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ide solution by titration of pure benzoic acid according to the procedure described 

below. , 1 u 1 

Acetone.-Use reagent gifade from a fresh or recently opened bottle. 

Pyridine.— Reagent grad^ pyridine may be used without purification. If techni- 
cal grade pyridine is used, add sodium hydroxide pellets, let the pyridine stand 
overnight, then flash distill. - 

Dimetbylformamide.— Purify the commercial solvent by passage through a column 
of activated alumina. 

Titrimeter.— Use a pH meter on the millivolt scale or some other direct-reading 
ti trimeter. 

Electrodes.— Use an all-purpose glass indicator electrode. Use a sleeve-type 
calomel reference electrode in which the aqueous potassium chloride solution in 
the outer jacket is replaced with a saturated solution of potassium chloride in 
methanol. For titrations in acetone or dimethylformamide, a fiber-type calomel 
electrode, modified as above, may be used. 

Titration Vessel.— Use a tail-form beaker with a cover that will admit the buret 
tip and electrodes but will protect the solution from carbon dioxide in the air. 
Titration under nitrogen is desirable. 

Buret.— Use a 10-ml. buret that can be read accurately to ±0.01 ml. or better. 

Procedure.— Dissolve a sample containing 0.4 to 1.0 milliequivalent of acid in 
40 ml. of nonaqueous solvent. Pyridine is the most generally useful solvent, but 
acetone is very convenient for titration of most carboxylic acids, enols, imides, 
sulfonamides, and many phenols. Dimethylformamide will dissolve some types 
of compounds that are sparingly soluble in other organic solvents. Titrate po- 
tentiometrically, plotting die potential in millivolts against the volume of tetra- 
butylammonium hydroxide added. When there are two or more inflections in the 
titration curve, use the difference between successive end points to calculate the 
volume of titrant equivalent to the acid titrated. 

Determine the solvent blank(s) by potentiometric titration. Subtract the volume 
of titrant required to titrate die solvent to the equivalence point potentialfs^ of 
die acid(s) titrated. ' ' 
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The colorimetric method o{ measuring hydrogen ions has many advantages that 
appe<il to practical workers. It is rapid and simple in operation and compared 
to other methods very inexpensive. The entire pH range or any portion of it 
can be covered by means of poruble equipmetit for use in factory or field. The 
difficulties are sucli as can invariably be remedied. For these reasons the colori* 
metric method is now being used for investigation a)id control in every- field 
where the determination of i))drogen ions (protons)* is important. 

By mutual agreement the hydrogen electrode is regarded as Uie fundamental 
standard in all determinations of hydrogen ion. All other methods are secondary 
whether potentiometric (quinhydrone electrode, glass electrode, antimony electrode) 
or colorimetric. AU such methods must be standardized against the hydrogen 
electrode. 

^ BUFFER ACTION 

In the case of a solution of a single pure acid or alkali, if the concentration 
and degree of ionization (real or apparent) are known, the pH can be calculated 
from the ionization alone. In actual practice sudi a situation will rarely arise. 
Invariably solutions contain more tlian one substance. Frequently some of these 
substances form what is known as a buffer system and serve to modify and stabilize 
the pH. 

When 1 ml. of 0.01 N HGl is added to 1 liter of pure water of pH 7.0, the pH 
will drop to about pH 5.0. If however the same amount of acid were added to 
a solution containing a mixture of KHaP 04 and Na 2 HP 04 of pH 7.0 the drop 
in pH v^ould be very small. This is illustrated by the curves on page 286. The 
phosphate mixture has the ability to resist change in pH on addition of acid or 
alkali. It has what is called buffer action and such a mixture constitutes a buffer 

• In this discussion, the term “hydrogen ion” has been used throughout for proton, 
since the emphasis upon ionization processes indicates that the use of the older term 
clarifies the discussion lor the same reason, concentration is stressed rather tlian actiiity. 
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system or mixture. Such action is encountered 

nature and in industrial processes. All mixtures of weak acids and their salts or 
oJ weak bases and tlteir salts are buffer mixtures. Some of the most common 
buffer mixtures are acetic acid-acetate, carbonic acid (COo)-bicarbonate, citric acid- 
citrate, mixed phosphates, etc. Other common buffering substances are proteins 

(eelatin, casein, etc.). . r u ,• 

The mechanism of buffer , action is most easily shown by means of the acetic 

acid acetate system. In a solution of acetic acid dissociation occurs only to a small 
extent as follows, HO Ac ±:? H+ + OAc-. Sodium acetate, however dissociates prac- 
tically completely, NaOAc^.Na+ + OAc" and yields a large number of acetate 
ions [0.\c-]. A 0.1 iV solution of acetic acid has pH 2.89 but a solution 0.1 N 
with respect to bodr acetic acid' and sodium acetate has pH 4.63. The pH has 
been increased, .i.6j» die H ion_concentration has been lowered. The question 
arises as to what has become ,of the H ions. The mass law equation for acetic acid 

is = Ka, where Ka is the ionization constant. If any one of the 

[HOAc] 

thi'ee concentrations be changed there must be a change in the others else ICa 
could not remain constant. In > the case just cited the acetate ion concentration 
[OAc-] has been enormously increased so the H ion concentration [H+] has to 
decrease. The unionized acetic acid will automatically become greater so prac- 
tically what occurs is that more inactive (unionized) acetic acid is formed removing 
H ions from the solution. In this system the concentrations of acetate ion [OAc"] 
and unionized acetic acid [HOAc] are always extremely large compared to the 

concentration of H ions [H+] so that die ratio partially determines the 

reaction or pH. This is important when dilution is necessary. 

If small amounts of a strong acid (hydrochloric) be added to the system, the 
large concentration of acetate ions quickly converts most of the H ions added to 
unionized acetic acid and [H+] increases only slightly. If a base (sodium hy- 
droxide) is added H ions are neutralized but more acetic acid is ionized producing 
additional H ions to take the place of those neutralized and [H+] decreases only 
slightly. Of course any buffer system has its limits and large amounts of acid or 
base will overcome the buffer capacity. Each buffer system has a rather narrow 
pH zone over which it functions. However, by using different systems, i.e., different 
mixtures, practically the entire pH range can be covered. This is extremely 
advantageous since it is possible to prepare solutions of constant pH which serv'e 
as standards and it also serves as a means of holding an industrial solution close 
to the optimum pH. In the case of fairly concentrated solutions of strong acids 
and bases, since the concentration of unionized substance is relatively small, there 
is no reseiwe supply of H or OH ions. However, there is such a large concentra- 
tion of H or OH ions that for practical purposes such systems function as buffer 
systems. For example, when the concentration of eidter 0.1 N HCl or 0.1 N NaOH 
is reduced to 0.01 N, the pH is changed only about 1 unit 
The stability of any buffer system will depend on total'concentration, and the 
ratio of salt to weak acid or base. Reasonable changes in concentration will not 
materially change the pH as long as the ratio remains the same. In the acetate 

system the ratio does not change on moderate dilution and the change 

in pH when the system 0.1 N acetic acid - 0.1 N sodium acetate is diluted twenty 
o d IS less than 0.1 pH. Many solutions met with in practice are buffered. Thil 
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is an advantage since colorimetric pH measurements can be made on sudi solutions 
even when highly colored or turbid by diluting with distilled water. The degree 
of dilution possible depends on the concentration and the specific buffer system 
but the safest procedure is to dilute only as far as necessary to make satisfactory 
readings. 

Buffer action can be illustrated graphically by means of titration curves (Fig. 
14-1). Tliree such curv'es are shown in which various amounts of 0.2 iU HCl and 
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Fic. 14-1. 


0.2 M NaOH arc added to 100 ml. samples of {A) distilled water> {B) a buffer 
mixture composed of KHoPO^ and NajHPO^ in whlclr the total concentration is 
approximately O.l M, and (C) a similar buffer mixture in which the total concen- 
tration is one-half of B. all samples having an initial pH of 7.0. The abscissa 
show the amounts of acid or alkali added and the ordinates show the pH of tlie 
respective mixtures. 

The extremely steep curve (A) for distilled water shows that this substance is 
devoid of buffer action since small amounts of acid or alkali change the pH 
markedly. In the pronouncedly acid and alkaline ranges the curve flattens out 
because one is then dealing with relatively concentrated solutions of the strong 
acid and base, where pH varies only moderately with concentration. 

The curve (B) for the 0.1 M phosphate mixture differs radically from {A). 
Addition of 11 ml. of acid only changes the pH from 7.0 to 5.8, whereas the 
addition of 6 ml. of alkali only changes tire pH from 7.0 to 7.8. Beyond these 
points the change becomes more pronounced. Between 5.8 and 7.8 the curve is 
relatively flat and in this zone the phosphate mixture shows strong buffer action. 
As the curve indicates, buffer action is strongest near the middle of the relatively 
flat portion. It actually reaches a rtvaximum at about 6.8 where the concentrations 

of KH 0 PO 4 and NajHPO^ are the same, i.e. = E steepness of 

the curve above and below the zone 5 . 8 - 7.8 indicates little resistance to change in 

pH. 
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Curve (C) resembles (J3) in contour but the relatively flat Por»on or zone of 
effective huL action is much shorter, extending only from about 6.5 to 7.5. This 

shows tire effect of concentration on buffer action. 

These curves show that not all buffer mixtures have the same buffer capacuy. 
Van Slyke (T. Biol. Chem., 52, 525, 1922) has formulated a method of expressing 
the differences in terms of buffer capacity. A solution has a buffer capacity of 1 
when tlie reaction of a liter of it is changed one pH unit upon the addition of 
one equivalent of. acid or base. A knowledge of the buffer capacity of a solution 
is frequently of considerable value since it indicates how easily the optimum pH 
may be maintained in practice, and also what precautions are necessary in deter- 
mining the pH. It also provides a practical method of determining the amount 

of acid or alkali required to adjust the pH. 

The requirements for buffer action should be clearly kept in mind. Mere 
presence of salts does not ensure buffer action. Salts of strong acids and strong 
bases impart no buffer action to a solution. Solutions which contain only salts 
of weak acids and weak bases may not be buffered. To ensure buffer action a 
buffer system must be present, i.e., both salt and iveak acid or weak base and tlie 
pH of the solution must be within the effective zone of the particular system. 

Tables showing the method of preparation for various buffer mixtures can be 
found in Clark, The Determination of Hydrogen Ions, 1928, Williams and Wilkins, 


Baltimore, Md. 

The following table gives some common buffer systems and the approximate 
pH of maximum buffer capacity. The zone of effective buffer action will vary with 
concentration but the general average will be ±1.0 pH from tire value given, for 
concentrations approximately 0.1 M. 


Glycine-sodium chloride-hydrochloric acid 2.0 

Potassium acid phthalate-hydrochloric acid 2.8 

Primary potassium citrate 3.7 

Acetic acid-sodium acetate 4.6 

Potassium acid phthalate-sodium hydro.xide 5.0 

Secondary sodium citrate 5.0 

Carbonic acid-bicarbonate 6.5 

Primary phosphate-secondary phosphate 6.8 

Primary phosphate-sodium hydroxide 6.8 

Boric aciTborax 8.5 

Borax 99 

Boric acid-sodium hydroxide 9.2 

Bicarbonate-carbonate 10.2 

Secondary phosphate-sodium hydroxide 11.5 


K" THE USE OF INDICATORS 
For making pH determinations substances known as indicators are required 
An indicator IS a substance that gives different colors or different shades of color 
at different pH values. Thus, phenol red changes from yellow at pH 6.8 to a deep 
red at pH 8.4; that is, if phenol red is added to a solution having a pH of 6 8 k 
wi l give this solution a yellow color. If added to another solution of pFl’ 7 0 

pH luls os'?r; 4“Vf “r “>«ion/having 

pn values ot 7.2, 7.4, 7.6, etc. the amount of red color immrfprl fi, i • 

Will increase progressively until at pH 8.4 the solution will Le t deep red color" 
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Therefore if phenol red is added to any solution having a pH value between 
6.8 and 8.4, die pH of that solution is determined by observing the color obtained. 
The method for accurately reading the pH value is explained later in this section. 

Phenol red covers only a limited part of the pH scale but other indicators are 
available for other parts. Thus bromcresol green covers die range pH 3.8-3.4 
and its color change is from yellow at pH 3.8 to blue at pH 5.4. Thymol blue 
covers the range pH 8.0-9.6 and its color change is from yellow at pH 8.0 to blue 
at pH 9.6. A list of indicators that cover die pH scale O.l to 14, with their pH 
ranges and color changes, is given in die table beginning on page 289. 

The “pH” in the column “Preparation" designates that the indicator solution 
prepared as directed is recommended for measuring the h)’drogen ion concentration 
only. The designation “vol.” signifies that the indicator solution is intended fox 
volumetric (titrimetric) analysis; the designation “pH, vol." indicates that the 
solution is applicable for the determination of hydrogen ion concentration as 
well as for volumetric (titrimetric) anal)sis. 

The water used fox preparing indicator solutions is to be freed from carbon 
dioxide by dioroughly boiling it out in resistant glass or in porcelain. Similarly 
die alcohol used for making the indicator solution should be neutral. 

When the indicator solution is to be prepared widi the aid of 0.02 N sodium 
hydroxide, triturate well the quantity of the indicator material widi the volume 
of the 0.02 N NaOH in an agate mortar, and then dilute with carbon-dioxide-free 
water to the volume indicated. 

Indicators are weak acids or bases in which die ionized form differs in consti- 
tution and color from the normal form. An indicator acid will dissociate as 


Hln^ H+ -f In-, HIn being the acid form and In- the alkaline form. The mass 

law expression will be ^ — ,-L'’ . — ^ = Ki. Then -4 = ^ Since Kt is a con- 

(HlnJ * [Hln] [H+] * 

slant the ratio depend on the value of [H+], the hydrogen ion con- 

centration. This ratio determines the color that die indicator will show. For 


example with phenol red the acid form IHIn] is yellow and the alkaline form 
(In-] is red, consequently as [In-] increases die color changes from yellow 
through orange to red. When HIn is half transformed [HIn] == [In-] and so 
[H+] = Ki- When the hydrogen ion concentration is the same as die ionization 
constant of the indicator, the concentrations of the acid and alkaline forms of 


die indicator are equal. The value of Kj varies for different indicators and 
determines the range of hydrogen ion concentration over whicli eacli indicator 


functions. If [H+] = Kj then pH = pK.j, where pKj = log ~ While this de- 

termines the dieoreiical midpoint of the pH range of each indicator, the actual 
range used in practice depends on how readily the colors can be distinguished 
by the eye. Consequently, die practical range is determined experimentally. 
While pKj is a function of pH, it is also affected to some extent by odier factors, 
sudi as salt concentrations, proteins and temperature. 

A satisfactory indicator for practical pH work must have certain well defined 
qualifications. It must give well-defined color clianges over a relatively short range; 
it must not be unduly affected by substances other than hydrogen or hydroxyl 
ions; it must immediately give colors that are stable for a reasonable length of 
dme, so that diere will be no errors due to clianges taking place during the deter- 
mination; its solution must be a stable reagent. An indicator that fades rapidly, 



Indicator 

Range 


Yellow 0.1-1. 5 blue 


Red 0.5-2. 5 yellow 

m-Cresolsulfonphthalein (acid 
range) 

Red 1. 2-2.8 yellow 

1 ,4-dimethyl-5-hydro.xyben- 
zenesulfonphthalein (acid 
I'ange) 

Red 1 .2-2.8 yellow 

Thymolsuifonphthalein (acid 
range) 

Red 1. 3-3.0 yellow 

Colorless 1.4-3. 2 

Sodium-/)-diphenylamineazo- 

benzenesulfonate 

OrfTfvfAr niNF. Red 

2-(^-Dimethlaminostyryl)- 
quinoline ethionide 
TtEVynPtTRPIIRTNF. 4B 

red 

Blue-violet 1. 3-4.0 

Methyl Violet 

red 

Blue 1. 5-3.2 violet 


Alizarin Yellow R (p) — 
Sodium jS-nitrobenzeneazo- 
salicylate 


Red 1. 9-3.3 yellow 


Preparation 


pH; 0.25 g. in 100 ml. of water 
pH: 0.10 g. in 13.6 ml. of 0.02 
N NaOH and dilute with 
water to 250 ml. 
pH: 0.10 g. in 250 ml. of al- 
cohol 


pH : 0.10 g. in 10.75 ml. of 0.02 
NaOH, and dilute with 
water to 250 ml. 
pH, vol. : 0.10 g. in 100 ml. of 
tvater 

vol.: 0.1 g. in 100 ml. of alcohol 


pH, vol.: 0.10 g. in 100 ml. of 
water 

pH, vol.: 0.25 g. in 100 ml. of 
water 

pH, vol.; 0.10 g. in 100 ml. of 
warm water 


2.4- Dinitrophenol {a) 

Methyl Yellow 

^^-Dimethylaminoazobenzene 

Bromphenol Blue 

Tetrabromophenolsulfon- 

phthalein 

Congo Red 

Methyl Orange 

Sodium-/)-dimethylamino- 
benzenesulfonate, Helianthin 
BROitCHLOROPHENOL BlUE 

Dibromodichlorophenolsul- 

fonphthalein 

SoDiu.\i Alizarin Sulfonate . . 

lODEOSIN 

Tetraiodofluorescein 

2.5- DimTROPHENOL (7) 


Colorless 2.6-4.0 
yellow 

Red 2. 8—4.0 yellow 

Yellow 3.0-4.6 blue 

Blue 3.0— 5.2 red 

Red 3.1— 4,4 yellow 

Yellow 3.2-4.8 blue 

Yellow 3.7-5.2 violet 

Yellow 0-about 4 
rose red 

Colorless 4-5.8 
yeUovv 


pH, vol.: O.lO g. in a few ml. 
of alcohol, then dilute with 
water to 100 mi. 
pH, vol.: 0.10 g, in 100 ml. of 
alcohol 

pH: 0.10 g. in 7.45 ml. of 0.02 
iV NaOH and dilute with 
water to 250 ml. 
vol. : 0.1 g. in 250 ml. of alcohol 
pH, vol.: 0.10 g. in 100 ml. of 
water 

vol.: 0.2 g. in 100 ml. of hot 
water 

pH: 0.10 g. in 8.6 ml. of 0.02 
N NaOH, then dilute with 
water to 250 ml. 
vol.: 0.1 g. in 250 ml. alcohol 
pH, vol.: 1.0 g. in 100 ml. of 
water 

vol.: 0.10 g. in 100 ml. of ether 
saturated with water 
pH, vol.: 0.1 g. in 20 ml. of 
alcohol, then dilute with 
water to 100 ml. 


289 



Indicator 

Range 

Preparation 

Bromgresol Green 

Teirabromo-m-cresolsulfon* 
phthalein, Bromcresol Blue 

Yellow 3.8“5.4 blue 

pH: 0,10 g. in 7.15 ml, of 0.02 
M NaOH and dilute with 
water to 250 ml. 
vol.: 0.1 g. in 250 ml, alcohol 

Methyl Red 

Dimethylaminoazobenzene- 
<?-carboxyIic acid 
(o-Carboxybenzeneazodi- 
methylaniline) 

Red 4.2-6.2 yellow 

pH : 0. 1 0 g. in 1 8.6 ml. of 0.02 
N NaOH and dilute with 
water to 250 ml. 
vol.: 0.20 g. in 100 ml. hot 
water 

Lacmoid 

Red 4,4-6.2 blue | 

vol.: 0.5 g. in 100 ml. alcohol 

AzoLmiiN 

Red 4.5-8.3 blue 

vol,: 0.5 g. in 80 ml, of warm ' 
water, then add 20 ml. of 
alcohol 

Cochineal i 

Red 4.8-6.2 violet 

vol. : Triturate 1 g. with 25 ml. 
alcohol and 75 ml. of water, 
let stand for 2 days and filter 

Hematoxyun 

Yellow 5.0-6.0 violet 

vol.: 0.5 g. in 100 ml. alcohol 

Chlorphenol Red 

Dichlorophenolsulfon* 

phthalein 

Yellow 4.8-6.4 red 

pH: 0.10 g. in 11.8 ml. of0.02 
N NaOH and dilute with 
water to 250 ml. 
vol. : O.l g. in 100 ml. 20% ale. 

/>-Nitrophbnol 

Colorless 5.<>-7.6 
yellow 

pH, vol.: 0.25 g. in 100 ml. 

1 water 

Bromcresol Purple 

Yellow 5.2-6.8 

pH: 0.10 g. in 9.25 ml. of 0.02 

Dibromo'o-crcsolsulfon- 

phthalein 

purple 

S NaOH and dilute with 
water to 250 ml. 
vol.: 0.05 g. in 200 ml. alcohol 

Bromphenol Red 

Dibromophenolsulfon- 

phthalein 

Yellow 5.2-7.0 red 

pH: 0.10 g. in 9.75 ml. of 0.02 
N NaOH and dilute with 
water to 250 ml. 
vol.: 0.1 g. in 250 ml. alcohol 

Alizarin 

Dihydroxyanthraquinonc 

Yellow 5.5-6.8 red 

vol.: 0.1 g. in 100 ml. alcohol 

Brouthymol Blue 

Dibroraothymolsulfon- 

phthalein 

Yellow 6.0-7.6 blue 

pH: 0.10 g. in 8.0 ml. of 0.02 
N NaOH and dilute with 
water to 250 ml. 
vol.: 0.10 g. in 100 ml. of 20% 
alcohol 

CURCUMIN 

Yellow 6-8.0 brown- 
ish red 

A saturated aqueous solution 

Phenol Red 

Phenosulfonphthalein 

Yellow 6.8-8.0 red 

pH: 0.10 g. in 14.20 ml. of 0.02 
N NaOH and dilute with 
water to 250 ml. 
vol.: 0.1 g. in 100 ml. 20% 
alcohol 

Neutral Red 

Methyl-amino-dimethyl- 

amino-phenazine 

Red 6.8-8.0 yellow 

1 pH, vol.: 0.10 g. in 60 ml. al- 
cohol and dilute with water 

1 to 100 ml. 
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Indicatoi' 


Range 


Preparation 


Rosolig Aero. 

Aurin; Corallin 
Cyanin 

Cresol Red 

o-Cresolsulfonphthalein 
(alkaline range) 

a-NAPHTHOLPHTHALEIN . . 


Yellow 6.8-8.2 red 


Colorless 7. 0-8.0 
violet-blue 
Yellow 7. 2-8.8 red 


Rose 7.3-8.7 green 


Metagresol Purple Yellow 7.4— 9.0 

m-Cresolsulfonphthalein purple 

(alkaline range) 


Thymol Blue 

Thymolsulfonphthalein 
(alkaline range) 


Yellow 8.0-9.6 blue 


/)-Xylenol Blue 

1 ,4-Dime thyl-5-hydroxy- 
benzenesulfonphthalein 
(alkaline range) 

Tropaeolin OOO 

Sodium a-naphtholazo- 
benzenesulfonate 

o-Cresolphthalein 

a-NAPHTHOLBENZENE 

Phenolphthalein 

Thymolphthalein 

Alizarin Yellow GG 

Salicyl Yellow, Sodium m- 
nitrobenzeneazosalicylate 

PoiRRiER Blue C4B 

Tropaeolin O 

/i-Benzenesulfonic acid- 
azoresorcinol 

Nitramine 

2,4,6-Trinitrophenylmethyl- 

nitroamine 

1 ,3,5-Trinitrobenzene 

Sodium Indigo Disulfonate . . 
Indigo Carmine 


Yellow 8.0— 9.6 blue 


Yellow 7.6-8.9 red 


Colorless 8.2-10.4 
red 

Yellow 8. 5-9.8 
green 

Colorless 8.2-9. 8 red 

Colorless 9.3-10.5 
blue 

Yellow 10.1-12.0 
lilac 

Blue 11—13.0 red 

Yellow 11-13.0 
orange 

Yellow 11.0-13.0 
orange-brown 

Colorless 11.5-14.0 
orange 

Blue 11.6-14.0 
yellow 


pH, vol.: 1.0 g. in 100 ml. of 
50% alcohol 

pH: 1.0 g. in 100 ml. alcohol 


pH; 0.10 g. in 13.1 ml. of 0.02 
N NaOH and dilute with, 
water to 250 ml. 
vol.: 0.1 g. in 100 ml. 20% ale. 
pH, vol.: 0.10 g. in 100 ml. of 
50% alcohol 

pH: 0.10 g. in 13.1 ml. 0.02 
N NaOH and dilute with 
water to 250 ml. 
vol.: 0.1 g. in 100 ml. alcohol 
pH: 0.10 g. in 10.75 ml. of 0.02 
N NaOH and dilute with 
water to 250 ml. 
vol.: 0.1 g. in 100 ml. 20% ale. 
pH, vol.: 0.10 g. in 250 ml. 
alcohol 


vol.: 0.1 g. in 100 ml. water 


pH: 0.10 g. in 250 ml. alcohol 

pH: 1.0 g. in 100 ml. alcohol 

vol. : 1 .0 g. in 100 ml. 80% ale. 
pH, vol.: 0.10 g. in 100 ml. 
alcohol 

pH: 0.10 g. in 100 ml. of 50% 
alcohol 


pH: 0.2 g. in 100 ml. water 
pH: 0.10 g. in 100 ml. of water 


pH; 0.10 g. in 100 ml. 70% 
alcohol 

pH; 0.10 g. in 100 ml. alcohol 

pH: 0.25 g. in 100 ml. of 50% 
alcohol 
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precipitates, undergoes change in color due to the presence of salts, colloidal 
materials, etc., attains a stable color slowly, or is unstable as a reagent, is certain to 
prove objectionable in practice. 

The essential requirements in applying die colorimetric method for the deter- 
mination of pH are (1) An accurately prepared solution of indicator, (2) a set of 
color standards prepared from measured amounts of buffer solutions having ac- 
curately adjusted pH values and containing accurately measured amounts of the 
indicator solution. Standards in intervals of 0.2 pH are usually employed. Such 
a set for phenol red will consist of standards ivith tlie pH values 6.8, 7.0, 7.2, 7.4, 
7.6, 7.8, 8.0, 8.2 and 8.4. These standards can be placed in test tubes or ampoules 
having uniform bores. Ampoules are more satisfactory since they can be sealed. 

If a measured lolume of clear sample is treated 
with the same amount of indicator as is present in 
the standards, the resulting color will depend on 
the pH of the sample and by comparing this color 
witli the color standards the pH can be determined. 
It IS essential that all measurements be accurate and 
that the bore of the color standards and test tube 
used for the sample be practically the same. The 
intensity of color and depth of liquid in botli cases 
should be uniform. 

If the materials being tested are absolutely clear 
and colorless accurate determinations can be made 
by comparing the color of the test sample with those 
of the color standards, as outlined above. Most solutions encountered in actual 
practice are, however, somewhat turbid or colored or both. Therefore when an 
indicator solution is added to such a material the resulting color will not matcli 
witli the color standards whidi contain none of tlie color or turbidity of the 
sample. For this reason some sort of comparator is required. In fact all deter- 
minations should be made witli a comparator since tlie presence of even minute 
quantities of color or turbidity may cause considerable error or even prevent a 
match all together when an attempt is made to matcli die sample directly with the 
color standards. The procedure employed in all comparators is essentially tire 
same so die Slide Comparator will be used to illustrate the principle. 

In making a determination three of Uie lest tubes are filled to the mark (5 ml.) 
with the material to be tested and 0.5 ml. of the indicator solution is added to 
the middle tube. The color standards are dien moved back and forth in front of 
the test sample, always making sure that, when a comparison is made, one of the 
ampoules of distilled water is in front of the middle test tube containing the indi- 
cator. Two consecutive color standards will then be directly in front of die two 
tubes of test sample containing no indicator. The arrangement of the three tubes 
of test sample, the two color standards and the ampoule of distilled water is illus- 
trated in Fig. 14-2. 

AA, BB, CC represent the three slots in the base and any three corresponding 
slots in the color standard slide. If we consider the color standards as consisting 
of distilled water and indicator only, wliicli is permissible since they contain no 
turbidity and no color except that given diem by die indicator, it is clear diat 
on looking through slots AA, BB, and CC, one is looking dirough exactly the same 
materials— sample, indicator, distilled water— in each case. This arrangement 
therefore eliminates any effect of color or turbidity in the sample so that, when 
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die proper color standards are in place, the color of the sample will match one 
of the color standards or lie between the colors of two consecutive standards. 

Readings should never be made by matciting against either end standard in a 
o-iven set. Thus a sample may match the bromthymol blue color standard maikecl 
pH 6.0 and actually have a pH value of 5.0, 4.2, etc. If a match with the standard 
marked 6.0 is obtained the determination should be repeated using an indicator 
covering a lower part of die pH scale, for example, dilorphenol red (pH 5.2- 
6.8), bromcresol green (pH 3.8-5.4), etc, until a match is obtained with a standard 
other dian the end one. Similarly if a sample matches the bromthymol blue 
standard marked 7.6, die test should be repeated using phenol red (pH 6.8-8.0) 


or a higher indicator if necessary. 

The table on page 290 shows that the ranges of the various indicators overlap. 
Thus the values pH 6.0-6.8 are common to both phenol red and bromthymol 
blue, the values pH 6.0-7. 6 are common to both bromthymol blue and phenol 
red, etc. It is therefore usually possible to make a test on any given sample 
with two different indicators and thus check results. This is one of the outstanding 
advantages of using several indicators to cover a wide pH range instead of a single 
wide range indicator, such as the so-called universal or utility indicators. With 
the single test wide range indicator there is no way of checking results and marked 
errors may be made with no means of detecting them. 


MIXED AND UNIVERSAL INDICATORS 
A mixture of two indicators is often used to obtain color changes at pH values 
not available from single indicators. The following table lists some of the more 
commonly used indicator-pairs. 


Indicator~pair 

h dimethyl yellow, | methylene blue. . . 
f methyl orange, f xylene cyanole FF . 


f methyl yellow, ^ methylene blue. . . 
I methyl orange, f indigocarmine . . . 
I bromcresol green, ^ methyl orange. 

I methyl red, j methylene blue 

I bromcresol green, | methyl red 


Solvent 

Alcohol 
50% Alcohol 
Alcohol 
Water 
Water 
Alcohol 
Alcohol 

t bromcresol green, \ chlorphenol red. , Water 
2 bromcresol purple, ^ bromthymol blue Water 

5 neutral red, ^ methyl blue Alcohol 

I bromthymol blue, \ phenol red Water 

I cresol red, f thymol blue Water 

i phenolphthalein, f methyl green Alcohol 

I phenolphthalein, | thymol blue 50% Alcohol 

I phenolphthalein, ^ naphtholphthalein 50% Alcohol 

5 phenolphthalein, j nile blue Alcohol 

i alizarin yellow, | nile blue Alcohol 


pH Color Change 

3.2 Blue violet-green 
3.9 Red violet-green 
3.9 Pink-yellow green 

4.1 Violet-yellow green 

4.3 Orange- dark green 

5.2 Red violet-green 

5.1 Wine red-green 

6.1 Yellow green-blue violet 

6.7 Yellow-violet blue 

7.0 Violet blue-green 

7.5 Yellow-dark violet 

8.3 Yellow- violet 

8.8 Green-violet 

9.0 Yellow-violet 

9.6 Pale rose-violet 
10.0 Blue-red 

10.8 Green-red brown 


Universal indicators are made by mixing a number of indicators to nrodure 
sevmal color changes at different pH values. As might be expected die res ik 
obtained by their use is approximate onlv and chieflv r>f • i- ’■ ^ 

.0 be e„„ar„.ed by M 

cators in general use are the following: unuersal indi- 
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Universal Indicator yl.— Solvent: 100 ml. o£ alcohol. Procedure: dissolve in 
order 0.06 g. of methyl yellow, 0.04 g. of methyl red, 0.08 g. of bromthymol blue, 

0. 10 g. of thymol blue and 0.02 g. of phenolphthalein. Titrate with 0.1 N NaOH 
to a yellow color. This indicator has the following series of color values: pH 1 
cherry-red, pH 2 rose, pH 3 red-orange, pH 4 orange-red, pH 5 orange, pH 6 yel- 
low, pH 7 yellow-green, pH 8 green, pH 9 blue-green and pH 10 blue. 

Universal Indicator B.— Solvent: 100 ml. of 50% alcohol. Procedure: dissolve in 
order 0.0185 g. of methyl red, 0.06 g. of bromtliymol blue, and 0.064 g. of phenol- 
phthalein. Titrate with 0.1 N NaOH to a green color. The indicator has the 
following series of color values: pH I red, pH 2 red, pH 3 red, pH 4 deep red, 
pH 5 orange, pH 6 orange-yellow, pH 7 green yellow, pH 8 green, pH 9 green-blue, 
pH 1 0 violet, and pH 1 1 red violet. 

pH TEST PAPERS AND TESTERS 

TJie manufacturers of laboratory supplies offer a wide variety of pH test papers, 

1. e., strips or rolls of paper impregnated with various indicators. These are 
available with single indicators for single-range testing, and with more than one 
indicator for general work. The latter are called wide-range papers when they 
give a characteristic color for eacli full pH unit in the range covered, and short- 
range papers when they give color dtaiiges for each 0.5 pH unit. They are 
available in pH testers or Hydrion Testers, small metal dispensers, each contain- 
ing a roll of indicator paper and witli permanent standard colors for matching 
on its outer surface. The manufacturers also supply such permanent standards 
with bottles of universal indicators. The Hcllige Simplex Tester has these stand- 
ards in tlie form of small color plates so mounted that a glass tube cdntainlng the 
solution to be tested can be placed behind the standards, wlnle an identical glass 
tube with the same solution is placed behind a series of white plates of the same 
size as the color plates. In this way compensation can be effected for interfering 
color or turbidity. 

COLORIMETRIC DETERMINATION OF BUFFERED MATERIALS 

One of the most important factors to be considered when the colorimetric 
method is applied is the degree to whicli the material being tested is buffered. 
This is especially important when the pH of colored and turbid materials must 
be determined. When a highly colored or turbid sample is buffered it' can fre- 
quently be diluted with distilled water to a point where satisfactory readings can 
be made with the comparator metliod without introducing appreciable error. 
For example, sewage sludges have been accurately tested when a dilution of 1:49 
was necessary.! The presence of buffer systems in the sludge makes this possible. 

In applying the dilution procedure to any substance it is advisable to continue 
tlie dilution beyond that required for satisfactory readings so as to determine the 
point at which marked change starts to take place. This will furnish information 
on the buffer capacity of the substance being tested. In all cases the distilled 
water used should be of excellent quality and it should have a pH of 6.4 to 6.8. 

It is usually advisable to employ dilution aud make the tests on the supernatant 
liquid after any solids have partially settled. Filtration should be avoided unless 
it is definitely known that dianges in pH will not result. During filtration tliere 
may be a gain or loss in carbon dioxide or an action by the filtering medium 
(paper, glass wool, etc.) which will introduce errors. 

1 McCrumb, Sewage Works Journal, 1, 534, 1929. 
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UNBUFFERED OR SLIGHTLY BUFFERED MATERIALS 
Some materials encountered in practice are not very highly buffered and a ew 
are unbuffered. In suclr cases care must be exercised in determining the pH 
since such solutions are very susceptible to change. Among such materials are 
most waters, soil extracts, paper extracts, white water, pure sugar liquors, flotation 

feeds, laundry rinses, clay filtrates, etc. . 

Distilled water is devoid of buffer action and special precauti^s must be 
observed in testing it. Absolutely pure water' has pH 7.0 at 25’C. Ordinary dis- 
tilled water is, usually acid, due to absorption of carbon dioxide. Distilled water 
in equilibrium with tire carbon dioxide of the air will have pH 5.7. It may be 
supersaturated with carbon dioxide to give a pH as low as 5.0. Carbon dioxide 
may be removed by boiling in Pyrex vessels to' give water with a pH of 6.6 to 6.8 
but superpure water witli pH 7.0 can best be secured by means of a special still. 
Distilled water should always be kept in Pyrex or tinned vessels and contact with 
air held at a minimum. In making aqueous solutions or extractions of slightly 
buffered materials, proportions of material and water should be held constant so 
that results on different samples will be comparable. 

In determining the pH of buffered solutions reasonable differences between the 
pH of the sample and the indicator solution will not affect die results. Plowever, 
in die case of unbuffered solutions the pH of the indicator solution must be fairly 
close to the pH of the sample or the indicator will change the pH (Acree and 
Fawcett, Ind. Eng. Chem., Anal. Ed., 2, 78, 1930). For this reason the pH of die 
indicator solution should always be at or near its own midpoint. For example 
bromcresol green, 4.8, bromthymol blue, 6.8, cresol red, 8,0, etc. This is why it 
is impossible to secure accurate results on slightly buffered materials when a single 
wide-range indicator (universal, utility, etc.) is employed. It has been shown that 
errors as high as 3.0 pH may result (McCrumb, Ind. Eng. Chem., Anal. Ed., 3, 233, 
1931). This is because the pH of the wide-range indicator may vary so much 
from that of the sample. 

Where extremely accurate results are desired on unbuffered materials, it may 
be advisable to use several solutions of the same indicator adjusted to different 
points on. its range, such as bromdiymol blue at 6.2, 6.8, 7.4. If the unknown is 
devoid of buffer action as in the case of distilled water, for example, three values 
may result such as 6.6, 6.8, and 7.0 respectively. Since the reading 6.8 coincides 
witli the pH of the indicator solution used for that test, the actual pH is 6.8. 

All indicator solutions should be adjusted to their respective midpoints and kept 
in Pyrex bottles sealed widr rubber stoppers. Soft glass bottles and cork stoppers 
should never be used or marked changes in pH may occur. Indicator solutions 
should not be unduly exposed to the air (poor seals, etc.) since carbon dioxide 
may lower the pH. In case changes occur the pH can be again adjusted by adding 
dilute 0.1 N acid or alkali as required comparing the indicator solution in a special 
pir of tubes with the appropriate standard. If, however, buffered solutions are 
being tested, only gloss changes in the pH of indicator solutions need be considered 

In making a pH determination on a slightly buffered solution the indicator 
solution should be placed in die test tube and die solution being tested run in from 
a pipet, holding die tip of the pipet near the bottom of the tube. Mixin? is 
then secured by stirring either with the tip of the pipet or with a thin glass rod 

- i recommended procedure prevents introduction of impurities such as 


carbon dioxide, etc., and gives accurate results. This 


is really the only way un- 
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buffered materials can be tested since electrometric methods are not reliable on 
very slightly buffered solutions. ^ ^ 

THE EFFECT p¥ SALTS 

As stated previously, the color of any indicator may be influenced by the actual 
salt concentration as well as the pH. * TTiis effect is commonly known as the "salt 
error." 

By varying the concentration of a buffer mixture and determining the pH both 
by a hydrogen electrode and the colorimetric method it will be found that absolute 
agreement occurs only ‘at the concentration of buffer employed in making the 
standard. Above this concentration ilie colorimetric method will give results that 
are slightly higher than those secured by the hydrogen electrode and below this 
concentration the colorimetric results will be slightly lower. This is illustrated by 
the results given in the following table. 


Effect of Varying the Concentration of a Buffer Mixture 


Molar Cone. 

Hydrogen Electrode 

pH 

Colorimclric 

pH 

Difference 

pH Hyd. Elect.-pH Color- 

0.200 ^ 

6.33 

6.40 

1 -0.07 

0.100 1 

6 42 

6.45 

-0.03 

0.050 

6.50 

6.50 

0.00 

0.020 

6.57 

6.55 

1 +0.02 

0.010 1 

6.62 

6.55 

+0.07 

0.005 

1 

6.68 

6.55 

+0.13 


It will be noted that absolute agreement occurs only at a molar concentration of 
0.050, the one employed in making the color standards. Of course none of the 
differences are pronounced. 

The effect of sodium chloride is shown by the data in tlie following table se- 
cured V>y adding variable amounts ol sodium cblotide to a pbospbate buffer mixture 
having the same conceniraiioii as was employed in die preparation of the color 
standards. 

Effect of Sodium Chloride 


Sodium Chloride | 
Molar Cone. 

Hydrogen Electrode 
pH 

Colorimetric 

pH 

Difference 

pH Hyd. Elect.-pH Color. 

0.00 

6.40 

6.40 

0.00 

0.05 

6.25 

6.40 

-0.15 

0.10 

6.23 

6.40 

-0.17 

0.20 ' 

6.15 

6.35 

1 -0.20 

0.50 

6.00 

6.25 

-0.25 

1.00 

1 

5.90 

6.15 

-0.25 
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Similar data aecared by adding magnesium chloride to the same phosphate buffer 
mixture show the influence of a divalent salt. 


Effect of Magnesium Chloride 


Magnesium 
Chloride 
Molar Cone. 

Hydrogen Electrode 

pH 

Colorimetric 

pH 

0.00 

6.40 

6.40 

0.05 

5.70 

5.90 

0.10 

5.40 

5.80 

0.20 

5.20 

5.65 

0.50 

4.70 

5.26 


Diff erence 

pH Hyd. Elect.-pH Colon 


0.00 

- 0.20 

-0.40 

-0.45 

-0.56 


In both instances the pH is reduced, the reduction caused by magnesium chloride 
being greater than tliat of the sodium chloride. The salt effect on the hydrogen 
electrode is greater than on the colorimetric pH. 

The indicators used in making the colorimetric measurements given in the three 
tables above were bromthymol blue, chlorphenol red, /j-nitrophenol, and brom- 
cresol green. 

Additional information on salt effect can be secured by consulting Clavk,- 
Koltlioff,3 Guntelberg and Schiodt,^ Sendvoy and Hustings, 5 McCrumb and 
Kenny, 0 and Blum and Bekkedahl.' The last paper deals exclusively with nickel 
electroplating and electrotyping solutions. 

The investigations of Guntelberg and Schiodt and Hastings and Sendroy would 
indicate that in the case of the indicators bromphenol blue, bromcresol green, 
bromcresol purple and phenol red, when the effects of salts are correlated with 
ionic strengths, salts of different valence types show at the same ionic strengths 
appro.ximately like effects on the apparent dissociation constants of the indicators. 

The ionic strength of a solution is obtained by multiplying the concentration of 
each ion by the square of diat ion’s valence number, summing these products and 
dividing by two. In general the buffer solutions used as standards in the col- 
orimetric method have ionic strengths of 0.05 to 0.1. 

In tire majority of cases tire differences encountered in industrial practice may 
have little significance. The correction can be determined and applied for each 
case but frequently it can be disregarded. For example -in the case of a nickel 
plating bath it may make little difference to tire plater whether the bath is con- 
trolled at pH 5.8 colorimetrically or 5.4 electrometrically. However, to avoid con- 
fusion when comparing procedures, the method employed should be given. 

2 Clark, The Determination of .Hydrogen Ions, 1928, AViffiams and Wilkins. 

3 Kolthoff, The Colorimetric and Potevrtiometric Determination of pH. 1931 John 

and Sons, Inc. ^ 

1 Guntelberg and Schiodt, Z. Physik. Chein., 135, 393, 1928. 

5 Sendroy and Hastings. J. Biol. Chem., 82, 200, 1929. 

6 McCrumb and Kenny, J. Soc. Chem. Ind., 49, 425T, 427T, 1930. 

2 Blum and Bekkedahl, Trans. Electro Chem. Soc., 56, 291, 1929. 
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THE EFFECT OF PROTEINS 

Systematic calibration v/hen proteins are encountered will prove to be much 
more difficult than in the case of salts. Salts are at least substances of a definite 
nature, whereas the term protein is used in a very loose manner. For iJiis reason 
so-called "protein errors” of indicators should never be applied unless it is known 
definitely that these variations were determined on solutions that are practically 
identical witli the one being tested.^ 

For example, many "protein errors” have been determined on materials like beef 
broth or some type of bacteriological media. On many of these materials the 
proteins have undergone considerable hydrolysis, or they are rather dilute. Any- 
one taking the variations so determined and using them in tlie measurement of 
the pH, of say gelatin or casein, might quickly get into trouble. 

The following table shows some variations encountered on a 1% solution of 
gelatin to which variable amounts of sulfuric acid and sodium hydroxide had been 
added. The gelatin was ash free with a pH of 4.80 (isoelectric). Sulfuric acid 
was used because this acid is most likely to be encountered in practice. 


Effect of Gelatin 


Hydrogen Electrode 
pH 

Colorimetric 

pH 

Difference 

Indicator 

pH Hyd. Elcct.-pH Color. 

2.48 

2.40 

0.08 

Meta cresol purple 

2.79 

3.20 

“0.41 

Benzo yellow 

3.19 

3.55 

-0.36 1 

Benzo yellow 

3.51 

3.85 

-0.34 

Bromcresol green 

3.65 

4.00 

-0.35 

Bromcresol green 

3.88 

4.20 

-0.32 

Bromcresol green 

4.47 

4.60 

-0.13 

Bromcresol green 

4.80 

4.85 

-0.05 

Bromcresol green 

5.07 

1 5.00 

0.07 

Bromcresol green 

6.16 

6.20 

-0.04 

Chlorphenol red 

6.59 

6.65 

-0.06 

1 Bromthymol blue 

6.80 

1 7.20 

1 -0.40 

Phenol red 

7.39 

7.90 

-0.51 

Phenol red — Cresol red 

7.78 

8.50 

-0.72 

Thymol blue 


It will be noted that the differences eiirauntered near the isoelectric point are 
insignificant being within the sensitivity of die colorimetric method employed. 
When hydrochloric acid is used the differences are greater in the acid range. 

The variations between pH measurements by the hydrogen electrode and the 
colorimetric method in the precipitation of casein by hydrocliloric acid have been 
determined by Clack and others ® using methyl red; and by Benton ® using brom- 
cresol green. 

8 Clark. Zoller, Dahlberg and Weimar, Ind. Eng. Chem.. 12, 1163. 1920. 

» Benton. Ind. Eng. Chem., 20, 15. 1928. 
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EFFECT OF TEMPERATURE 

Since the pH of a solution depends on the degree of ionization of its constitu- 
ents and tliis may be affected by temperature, the influence of temperature on p 
is an important factor. Irrespective of the method of measurement emp oy 
determinations must be made at a fixed, temperature. In the majority of cases a 
temperature of 25 °C. is the most satisfactory although variations in temperature 
from 20 to 30°C. are usually insignificant for practical purposes. 

Certain buffer systems are more sensitive to temperature variations than others. 
This is particularly true of the borate and carbonate series. Solutions that depend 
on a carbonate equilibrium are always susceptible to changes in temperature. 

In the case of nickel solutions not only does the pH change with temperature 
but the color of the solution itself may change. Consequently the blanks used in 
the comparator method should be at the same temperature as the sample to which 
indicator has been added. 

The sulfonphtlialein indicators are not influenced by temperature changes to a 
marked degree but methyl orange and indicators resembling methyl orange are 
very susceptible to such changes. The indicators LaMotte Yellow, Hellige Orange 
and Benzo Yellow belong to this class. 


SPECIFIC EFFECTS 


In tire case of certain sulfonphdialeins the shade of color depends on concen- 
tration and depth of layer. Didiromatism is most noticeable in practice with such 
indicators as bromphenol blue and bromcresol purple. The transmitted light in 
such cases is primarily red and blue and the ratio of red and blue will vary with 
tlie depth of layer. In testing turbid solutions much of the light is reflected by 
the particles and this gives the same effect as a thin layer of liquid and this tends to 
modify the color. In such cases it is advisable to substitute another indicator. 

Off-color, while not exactly common to all indicators may occur in the case of 
most two-color indicators under certain conditions. Suspensions, emulsions, and 
solutions of a colloidal nature may cause this difficulty. Concentrated solutions 
of such salts as zinc chloride and sulfate frequently give off colors with the sulfon- 
phthaleins. Sometimes on standing a precipitate, presumably of basic salts, will 
settle out and the colors then secured on the supernatant liquid may then cor- 
respond with the color standards. In such cases the original solution may appear 
clear to the eye, but it must contain dispersed solids which cause the off-color of 
the indicator. When dealing with such solutions the nitrophenols may be used. 
When tubes and standards are observed through a blue glass satisfactory color dis- 
tinctions can usually be secured. 

The nitrophenols ordinarily employed for this purpose are 2,4-dinitrophenol 
(Alpha) (pH 2.6— 4.0), 2,5-dinitrophenol (Gamma) (pH 4.0— 5.8), p-nitrophenol (pH 
5.6-7.6) and m-nitrophenol (pH 7.2-8.8). The color changes are all from practi- 
cally colorless to varying shades of yellow. 

For further details IMichaelis and Gyemant should be consulted. 

Difficulty is sometimes encountered in testing soap solutions. In fairly dilute 
solutions the results may be in good agreement with the hydrogen electrode but 
certain indicators tend to give low results as the concentration of soap is in 
creased. This is particularly true of thymol blue. ^ 

Some indicators are apparently influenced by certain ions in some way not as 


loMichaelis and Gyemant. Biocheni. Z. 
of Hydrogen Ions, 1928, p. 128). 


109, 165, 1920 (see Clark, The Determination 
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yet explainable. Alizarine Yellow G (pH I0.0-I2.0), Alizarine Yellow R (p] 
10.0-12.0), nitro yellow (pH I0.0-I1.6) tend to give high results in the presence ( 
calcium salts. 

Michaelis has demonstrated the precipitation of bronuhymol blue in a soli 
tion of quinine hydrocliloride. 

However, not all the sulfonphtlraleins are precipitated by quinine as Micliael 
appears to think. Chlorphenol red gives satisfactory readings in such cases. Non 
of the uitrophenols are precipitated by quinine. PtecipLtation of bromtliymc 
blue also takes place in solutions used as local anaesthetics in dentistry. 

There are a few rare instances in whicli bromtliymol blue gives results that ai 
slightly lower than tliose found by oilier sulfonphtlialeins. This has been pointe 
out by Sharp and Mclnerneyi^ die testing of milk. 

Similar results are sometimes encountered in testing concentrated solutions t 
sulfonated oils. 


EFFECT OF CHLORINE 

The action of chlorine must sometimes be taken into consideration in watt 
treatment plants, paper mills, textile mills, etc., whenever die dosage of dilorin 
is high enough to affect the indicators. When sudi action occurs die results si 
cured are influenced by die particular indicators in use, die concentration of ind 
cator employed, the bulTer capacity of die solution being tested, the temperatui 
and, of course, the concentration of available chlorine. 

In the procedure employed with die Slide Comparator (Fig. 14-3) the dange 
point widi the suUonphthalcins is about 2.0 parts per million of active chlorim 
Whenever lower concentrations of indicator are employed as in Nessler tubes, etc 
die action of dilorine may cause errors at lower concentrations of dilorinc. 

There appears to be two types of reaction, dilorination and oxidation. In Ui 
the case of chlorphenol red and phenol red chlorination appears to predominai 
at first and the chlorinated dyes whlcIi result have lower pH ranges than die orij 
inal dyes. This results in an increase in the alkaline color which leads to resuli 
that are higher dian they should be. Of course on longer standing if the concei 
tration of clilorine is high enough fading will occur due to destruction of the dy 
by oxidation. In the case of the oUier sulfonphihalein dyes die action is large) 
destructive and the readings tend to be low or off colors are secured. 

The nitropheiiols are more stable in tlie presence of active clilorine and ca 
sometimes be used when the concentration of chlorine is as high as 200 parts p« 

million. 13 

One disadvantage of die uitrophenols should be pointed out here. They ar 
all fairly acidic and dieir solutions are dilficult to stabilize at any definite pF 
Consequently they aie more liable to give erroneous results in testing unbuffere 
samples than are the sulfonphtlialeins. 

COLORIMETRIC pH EQUIPMENT 

Colorimetric pH equipment can be made by die worker if desired using buffe 
mixtures in test tubes or ampoules but it is more satisfactory to purchase sue 
equipment. Several types are available and the outstanding ones will now b 
described in some detail. Fuller descriptions can be secured from the mam; 
facturers. 

Michaelis. Practical Physical and Colloid Cliemistry, trans. by Parsons, 1925, p. -11 

12 Sharp and Mclnerney, j. Biol. Chein., 70, 729. 192G. 

13 Lewis and KukoUch, Paper Trade Journal, 95, No. 11, 28, Sept. 15, 1932. 
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^ i shHp Comoanitor consists of two principal 

The Taylor Slide Comparator. ^ ^ ^ Bakelite case 

parts, the slide and the base, as srm • j vertical holes and 

slide. 



Fig. 14-3. Taylor Slide Comparator. 


The base consists of two parts. The lower part contains a slot for the slide 
fitted with a key to stop the slide at the end standards, two holes containing vials 
of indicator solution, with 0.5-mI. pipets and nipples, five holes containing test 
tubes, and a closed compartment for a ground glass plate. Horizontal slots run 
through the three central holes in the base holding the test tubes, these slots corre- 
sponding exactly with any three of the slots in the slide. The upper part of the 
base seiwes as a cover for the vials and test tubes when the set is not in use. It is 
fastened to the lower part by means of spring catches. The complete set, includ- 
ing the slide, is 10 inches long, 2% inches wide and 4 inches high, and weighs only 
2 pounds. 


Making a pH determination consists in only three simple operations. 

1. After removing the top of the base, three of the test tubes are placed in the 
holes back of the slots in the base and filled to the mark (5 ml.) with the sample 
to be tested. (Fig. 14-4.) 

2. To the central tube 0.5 ml. of the indicator solution is added, by means of 
the pipet and nipple, and the contents are thoroughly mixed. (Fig. 14-5.) 

3. The slide containing the color standards is now placed in position on the 
base and, holding the instrument toward a window or other source of daylio^ht 
Ae slide is moved back and forth in front of die test samples until a color match 
IS obtained. The pH is then read off directly from the values on the front of the 
slide. (Fig. 14-6.) 


Since all color standard dides are interchangeable, that is they can be used with 
one base, die range of a single slide Comparator can be increased by purchasino- 
additional slides and a supply of the corresponding indicator solutions, with 
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pipets and nipples. For ranges longer than that of one indicator, however, th 
Long Range and Dalite Slide Comparators are recommended. 

All color standards provided for the various models of slide comparators ai 
guaranteed to retain their accuracy for a period of five years. 




He. 14-6. 


Long Range Slide Coniparator.—Tliis set is designed to meet die needs ( 
o require a portable set covering a wider range. It is made in se\e 
dip range of any 3, 4, 5, 6, 7, 8, or 9 indicators respectively betwee 

liv ^ I i- flexible since its range can be increased simp] 

by securing additional color standard slides. See Fig. 14 7. 

9 frt *7 Range Slide Comparator contains one complete Slide Comparatoi 

with n standard slides; vials of the corresponding indicator solution 

•* P’Pets and nipples; and fourteen 5-ml. test tubes. All models ar 
inrlipl WrtJ" if IDS inches long. 9 inches high and 5^ 
i^rnnta’ 1 1 ,^ for carrying. All equipment necessary for making test 

me in e case so that these sets can be used in field, laboratory or plam 
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Fic. 14-7. Long Range Slide Comparator. 


The total weight of the set varies from lbs. to 9’/-> lbs. depending on the num- 
ber of slides. 

The mediod for making determinations is exactly the same as that described for 
the single Slide Comparator. 

Dalite Slide Comparator.— In many cases it is necessary to make pH determina- 
tions at night. Also in many plants even during the day time the light is not suit- 
able for tlris type of work. The use of ordinary electric light bulbs and even the 
so-called dalite bulbs is not satisfactory. The Dalite Slide Comparator, Fig. M-8, 



Fig. 14-8. Dalite Slide Comparator. 
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enables the worker not only to make determinations at night witli just as great 
accuracy as during the day but also assures him that measurements made at night 
will check those made on the same materials by ordinary daylight. 

The set is made in 6 models to cover the range of any 3, 4, 5, 6, 7 or 8 indi- 
cators respectively between the limits of pH 0.2 and pH 13.6 in intervals of 0.2 
pH. The set is flexible since its range can be increased simply by purchasing 
additional color standard slides and vials of tlie corresponding indicator solution. 

The pH equipment supplied with this set consists of one complete Slide Com- 
parator; any 2 to 7 additional color standard slides; vials of the corresponding 
indicator solutions with pipets and nipples; and ten 5-ml, test tubes. Eacli 
slide contains 9 color standards for any given indicator and these slides fit in slots 
in the front of the case as shown in the illustration. Each vial of indicator solution 
is placed directly above tlie corresponding color standard slide, thus eliminating 
error due to the use of the wrong indicator solutions. A top protects the vials 
when die set is not in use. 

The comparator base is supported by a shelf on the front of the box. Directly 
behind the slots in die base is a piece of Daiite glass and in die compartment 
behind this is a special 25-watt electric light bulb, with cord, switcli, and socket. 
In the lower part of the box is a cupboard of sufficient sire to hold four 1000-ml. 
Pyrex bottles. This cupboard serves not only as storage for stock bottles of indi- 
cator solution but also to bring the comparator to a convenient height for making 
readings. A rack on the inside of the door holds ten 5-ml. test tubes. A test tube 
brush is also supplied with the set. 

In making determinations tliree of the 5-mi. lest lubes are filled to the mark 
with die solution to be tested, the proper color standard slide is placed on the 
base and 0.5 ml. of the corresponding indicator solution is added to the middle 
tube by means of the pipet and nipple. The light is then turned on and the 
slide is moved back and forth until a matdi is obtained with one of the color 
standards. The pH value is then read off directly from the values on the slide. 

The Roulette Comparator,— Tht Roulette Comparator consists essentially of a 
stationary base and metal band, and a wooden drum which revolves inside the 
metal band, on ball bearings. A block, vvhidi contains three slots, and whidi is 
drilled to hold three graduated test tubes, is fastened to die front of the metal 
band. A 40-watt lamp is fixed in the center of tlie base and is connected with a 
standard plug by means of a lamp cord, a piece of Daiite glass is placed in the 
back of the block between the three lest tubes and live color standards, and a piece 
of etched glass is placed in a slot in die block directly in front of the three test 
tubes. The block also serves as a visor to cut out light from the outside. Widi 
diis arrangement the observer always makes his readings under standard, diffused 
daylight conditions. See Fig. 14-9. 

Any three sets of color standards sudt as chlorphenol red (pH 4.8-6.4), brom- 
th)mol blue (pH 6.0-7.6) and phenol red (pH 6.8~8.0) and 24 ampoules of dis- 
tilled water, are supplied with the set. An extra polished wooden case, containing 
50-ml. bottles of the corresponding indicator solutions, 1 empty 50-ml. bottle, four 
0.5-mI. pipets with nipples, and 18 marked test tubes, is included as part of tlie 
equipment. A fabricoid cover is provided for tlie comparator. 

The revolving drum contains t^ee separate sets of holes, eacli set being de- 
signed to hold 9 color standards and 8 ampoules of distilled water. The color 
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Fig. 14-9. La.Motte Roulette Comparator. 


standards are placed in position in order alternating with the ampoules o£ dis- 
tilled water. To make a determination three test tubes are filled with the solution 
to be tested and placed in the three holes in the block. Then 0.5 ml. of indicator 
solution is added to the middle tube and niRed thoroughly. The light is turned 
on and tire drum revolved until die appropriate standards are behind tlte test 
sample. The standards are then shifted by turning the drum until the color 
drrough the middle tube e.xactly matches that of one of the standards on either 
side of it or lies between dtem. The pH value is then read off directly from the 
color standards as die labels on the standards project above the top of the drum. 
In making a reading die drum must be turned so that an ampoule of distilled 
water is always directly behind the central test tube. 

There is only room for three sets of color standards. Consequently, if the pH 
of die samples falls outside of the range of these three indicators, another set must 
be substituted for one of the sets present. 

The individual color standards are contained in ampoules approximately 125 
mm. long having an outside diameter of 15 mm. The test tubes are made to match 
die standards and are graduated at 10 ml. The color standards are guaranteed for 
one year. 

The Hellige Comparator.— The Hellige Comparator (standard model), Fig. 14-10, 
consists of a Bakelite housing with hinged front and rear covers and a dustproof 
enclosed prism for bringing the color fields into juxtaposition. Two acid-proof 
cemented cells widi plane and parallel walls are provided. One cell is to receive 
die unknown solution with indicator, the other to receive die test solution without 
indicator. This arrangement provides for color comparison with colored or turbid 
liquids as ivell as clear solutions. 

In addition to die prism and cells the comparator is supplied with four round 
measuring tubes widi graduations from 5 to 10 ml. in 1/1 ml. for measuring the 
test solution, 1 pipet with graduations 0.20, 0.25, 0.5 and 1.0 ml. for measurino 

die indicator solution, 1 opal glass plate, 50 ml. of indicator solution and 1 color 
disc. 
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Each color disc consists of a molded resin circular frame with a number (usually 
9) of colored glass standards each one representing 0.2 pH so arranged that they 
can be revolved in the comparator. The color glass standards are made from 
variable layers of colored glass held togeilier to simulate the colors resulting when 
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buffer solutions of known pH are treated with the respective indicator. The value 
of eadi standard is placed on the disc so tliat it is visible in a special opening when 
that particular standard is in the reading position. Only one color standard is 
visible at a time. Separate color discs arc provided for the various indicators. 

An illuminator with stand can also be secured to provide the proper artificial 
illumination. 


Chapter 15 


ELECTROMETRIC HYDROGEN 
ION MEASUREMENTS 

Based on earlier contribution 

By W. N. Greer 

Senior Consulting Engineer, Analytical Instruments, 
Leeds and Norihrup Co. 


Electromeu-ic hydrogen ion (pH) measurements are made with a suitable elec- 
trode system as die detecting unit and a potentiometer, or a direct-reading pH 
meter as die measuring units. The electrodes develop a potential (e.m.f.) propor- 
tional to die pH of the solution being measured. The potentiometer and pH 
meter measure e.m.f. and are discussed in that order. 

POTENTIOMETERS 

In order to determine the pH from the difference in potential of two electrodes, 
the voltage must be measured without allowing any appreciable current of elec- 
tricity to flow from the cell, for with current 
flowing the voltage changes, owing to polari- 
zation effects at the electrodes. For this rea- 
son the measurement cannot be made with a 
voltmeter, because current is required to 
actuate such an instrument. The potentiom- 
eter is an ideal instrument for measuring 
voltage with no current flowing from the 
source. To show how this instrument oper- 
ates, a brief explanation of the potentiometer 
principle is given here. 

The slidewire MN, Fig. 15-1, represents an 
electrical conductor of uniform resistance, 
along which is placed a scale graduated in 
uniform divisions. The battery B causes a 
steady flow of elecU'icity in diis conductoi'. 

This is called the working current. The 
magnitude of this current can be changed by 
adjusting the rheostat R. With current flow- 
ing from M to iV, M is positive with respect 
to any point O between M and N. Since the 
resistance is uniform, the fall of potential is Fic- 15-1. 

uniform per unit length. 

If ££, represents the cell for pH measurements the calomel electrode is the 
positive pole, which is connected to M through the galvanometer G. This puts 
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like polarities in opposition. By adjusting the position of O the potential diiler 
ence between M and O can be made exactly equal to that between E and 
When tite voltages are balanced the deflection of the galvanometer is zero, ami 
since this is a current indicating instrument, it proves tliat no current is flowing 
between the electrodes. Then it the fall of potential between M and O is known, 
the voltage of EE is measured without any flow of current from the electrodes. 

The fall of potential between M and O is determined when there is a known 
potential difference between M and N. Tliis is established by replacing the pH 
measuring electrodes with a standard cell S, by means of the switch K. If the 
voltage of the standard cell is, for example, 1.018 volts, tlie scale on MN is gradu- 
ated in 1018 uniform divisions, and the current is adjusted by means of the 
rheostat R until the galvanometer shows no deflection. The potential dilTerence 
between M and A’ is then 1.018 volts, and the fall of potential for each scale divi- 
sion is .001 volt, or 1 millivolt. If the pH cell is now substituted for the staiidaid 
cell, tlie potential dilference between the electrodes will be shown directly in milli- 
volib by the number of scale divisions between AI and O when they are adjusted 
for voltage balance. 

The accuracy of the measurement depends upon tlie standard cell voltage and 
die uniformity of the slidewire (MN) resistance. Since this uniformity can be de- 
termined with practically any desired precision, the accuracy of measurement de- 
pends principally on the constancy of the standard cell voltage, and the method is 
therefore a primary method. 

Potentiometers are available with various voltage ranges and accuracies, some 
designed for portable use. Tables or equations for converting voltage readings to 
pH values for all electrodes at various temperatures are obtainable. Some forms 
of potentiometers are calibrated directly in pH, means being provided to correct 
for solution temperatures. 

In addition to the well-known standard types of potentiometers, there are various 
types of vacuum tube potentiometers. These have been designed primarily for 
use with the high resistance glass electrode circuits. Tlie resistances involved are 
too high to permit of the use of any except high sensitivity galvanometers, and 
only then with the low resistance glass electrode (2-6 megohms). Due to tlie 
high resistances involved it is necessary that precautions be taken for properly 
shielding the potentiometer circuit. This is provided for iii most of the commer- 
cially available instruments. 

It is well to distinguish between accuracy and sensitivity. It is possible to have 
high sensitivity and low accuracy, and on the other hand to have conditions which 
would give high accuracy, if there were sufficient sensitivity. The sensitivity de- 
pends principally on the galvanometer used. If, with an arrangement not capable 
of very accurate results, a very sensitive galvanometer were used, its indications 
would be misleading if the sensitivity were not distinguished clearly from accuracy. 

The most important factors affecting accuracy of results are the accuracy of the 
measuring instrument used, tlie diameter of the solutions being measured and the 
electrodes used, and the accuracy with whidi tlie reference electrode potential is 
known. 


DIRECT-READING pH METERS 

The negative-feedback principle is widely used in the design of direct-reading 
{jH meters. Fig. 15-2 shows tlie important features of such a circuit. The glass 
electrode is connected to the grid of an electrometer tube T*j. This increases the 
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„egad« potential of the grid and so reduces *•= 

the* voltage drop across the P'>“ t^ the grid o( T„ the 

d-: ttse^rii'^ryrgrid s x ^ -he'oitrtSf 

fe^lSeJS rL“'SSe;'i:tSr:“r^uLS% .L negative 

’’°?^e“t°eraireffectt *a“ change across the meter v.ill show an 

h Jel ordLtse value as the plate voltage a. X. changes. Current then 



passes through the meter and the feedback resistor to the circuit ground. The 
voltage developed across tire feedback resistor is applied to the reference electrode 
through a Temperature Adjust rheostat or other type of temperature compensation. 
The feedback voltage is opposite in polarity to the voltage signal from the glass 
and reference elecuodes. When the voltage across the feedback resistor reaches a 
value equal to the voltage signal between the glass and reference electrodes, a 
steady current is maintained in the output circuit and the meter indication is 
direcdy proportional to die signal voltage. 

A direct-reading instrument has few manipulative steps, and is adaptable to con- 
tinuous recording or control of industrial operations or processes. Temperature 
compensation can be provided by causing the feedback current to flow throu<xh a 
temperature-sensitive resistor located in the input circuit to supply the balancing 
voltage. If this resistor is placed in the solution to be measured, temperature 
compensation can be achieved automatically. pH measurements can be made 
within ±0.1 pH unit. When buffer standardizations are made, the meter needle is 
set to the pH of the buffer by the standardization control knob. This control also 
compensates for electrode asymmetry potential and instrument drift. 
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ELECTRODE SYSTEMS 

A single electrode is not sufficient lor pH measurements because there is no 
convenient method for measuring its potential, but the potential of two electrodes, 
the absolute potential of one of whidi is known and is unaflected by pH, can be 
compared. It is therefore customary to use a fixed electrode as a reference, and to 
use as a measuring electrode one best suited to the measurement at hand. 

For those wlio are not familiar -witlt the theory relating e.m.f. of electrodes and 
pH, the reader is referred to the treatise on hydrogen-ion measurements by Brit- 
ton, Hydrogen Ions, D. Van Nostrand Company, 1956. 

Reference Electrodes. Calomel Electrode. 
—The calomel electrode is almost universally 
used as a reference electrode, due to its con- 
stancy of potential and ease of preparation. 
The calomel electrode is one in which mer- 
cury and calomel are in contact with a defi- 
nite concentration of potassium chloride. 
These are contained in a vessel which may 
vary in design according to conditions of 
use. Two common types of calomel elec- 
trode are shown in Fig. 15-3; (a) is a com- 
mercial type with fiber contact, (b) is the 
same except for the ground-glass joint. 

The potential of the mercury with respect 
to that of the solution depends on the con- 
centration of mercurous ions from the calo- 
mel, but this is governed by titat of chloride 
ions, whicli arc produced in the solution by 
potassium cliloride as well tas by calomel. 
The proportion of the total number of 
chloride ions that is due to the potassium 
chloride varies with the KCl concentration. 
The voltage of the calomel electrode there- 
fore depends on the concentration of potas- 
sium chloride in the electrode solution. Saturated, normal and tenth normal solu- 
tions are used. 

The saturated calomel electrode is used more generally than either of the others. 
It is more easily prepared, and has some particular advantages. 

Special precaution must be taken to prevent diffusion between the saturated 
solution of a salt bridge with die less concentrated solutions of die normal and 
tenth normal electrodes, whereas with die saturated electrode there is no tendency 
toward diffusion. When diffusion is prevented the potentials of the normal and 
tenth normal electrodes are fairly stable at room temperatures, but at higher 
temperatures it is difficult to prevent diffusion, with its resulting error in potential. 
The saturated electrode shows no change in potential between 5® and 60'C., other 
than tJiat due to temperature. The temperature coefficient is approximately 
0.8 millivolt per degree C. Another advantage of die saturated calomel electrode 
is that its conductivity is high, which makes for increased sensitivity. 

An objection to the saturated electrode is dial the solution may creep over the 
edge of the containing vessel with die resulting formation of masses of crystals. 



Opening to inner-' 

KCl solution 
Ground-gloss joint'' 

Fw. 15-5 Bdeience Electrodes, ^a) 
Commercial type with fiber ctmtact; 
(b) Same, but with ground-glass joint. 
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This is avoided in the design shown in Fig. 15-4, if the electrode is immersed m 

a container of distilled water when not in use. 

For accurate and reliable potentials, extremely pure chernicals must be used m 

calomel electrodes. Mercury specially purified and calomel producer 
by electrolysis for tire purpose can be commercially obtained in appro- ^ 

priate quantities, and their use is recommended. Chemically pure 
potassium chloride dissolved in distilled water is a suitable solution for 
use with them. 

The saturated electrode is easily prepared. For a saturated KCl 
solution put the salt into warm distilled water in a beaker and stii it 
thoroughly with repeated addition until no more of it will dissolve. 

Then stir in enough calomel to saturate the solution. A small quantity 
is sufficient as it is not very soluble. When the solution is cooled to 
room temperature, it should contain undissolved potassium chloride and 
calomel. Prepare enough solution to fill a reservoir for flushing the 
electrode from time to time. Add sufficient mercury (amount depends 
upon construction of electrode) to make contact with the platinum ter- 
minal, and sufficient calomel (HgoCL) to assure saturation, an excess is 
advisable. Moisten' with saturated KCl solution, shake vigorously, and 
then nearly fill with saturated KCl solution. If the electrode is not of 
the self-Rushing type, care must be exercised in flushing the salt bridge occasionally. 

Silver Chloride Electrode.— Comparable in principle to the calomel electrode 
is the silver-silver chloride electrode. It has largely been used in studies on activi- 
ties of clilorides in solution, but has also received attention as a reference in pH 
measurements. This electrode is not as readily prepared as is the calomel electrode, 
but it is highly reproducible, stable over extended periods of time, 
and has a small temperature coefficient. 

The potential of the silver-silver chloride electrode depends upon 
the method of preparing the silver and the chloride. Methods have 
been described by Brown, r Harned,- Mclnnes.^ Noyes and others.^ 
Measuring Electrodes .— glass electrode is by far the most widely 
used measuring electrode, especially for analytical control rvork. How- 
ever, the others have various, though more limited applications, and 
the hydrogen electrode is the ultimate standard. Therefore the various 
types require description. 

Hydrogen Elecurode.-The hydrogen electrode consists of a noble 
metal coated with platinum black, immersed in the solution and under 
a definite partial pressure of hydrogen gas. Such an electrode is illus- 
trated in Fig. 15-5. Means are provided for introducing the hydroo^en 
gas, and allowing the gas to escape without forcing the solution 'en- 
tirely away from the metal. 

Electrodes with large surfaces are generally not advisable as they are 
more difficult to saturate with hydrogen and therefore come to equilibrium less 
quickly. ^ 

In work with ordinary chemical solutions, and when high accuracy is not essen- 
tial, the solution being measured may be contained ' 






4 


Fig. 15-5. 


1 J. Am. Chem. Soc., 56, 646, 1934. 

2 J. Am. Chem. Soc., 55, 4849, 1933. 

3 J. Am. Chem. Soc., 37, 1445, 1915. 
i J. Am. Chem. Soc., 39, 2532, 1917. 


in an open vessel, but the 
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electrode potential \vill be slightly influenced by oxygen absorbed from the air. 
For precise work tlie vessel sliould be stoppered with provisions for carrying the 
electrodes through the stopper, and for allowing tlie gas to escape. 

An electrode is said to be in equilibrium when its potential remains constant 
if tile solution does not vary. The potential of the hydrogen electrode is not 
constant until the platinized surface is saturated with hydrogen, and any reducing 
action due to hydrogen is completed. 

Limitations.-~lt\ some solutions, notably biological fluids, the platinum black 
may become clogged witli substances whidi prevent absorption of hydrogen. The 
hydrogen electrode cannot be used in solutions containing strong oxidants like 
ferric ion, dicliromates, nitric acid, peroxides, and chlorine, nor in those containing 
strong reductanls, such as sulfurous acid (SOj) and hydrogen sulfide. Some organic 
compounds are very susceptible to reduction, particularly those of the aromatic 
series, such as azobenzene, aniline dyes and some unsaturated acids. In a solution 
containing either oxidizing or reducing compounds, a noticeable drift in the volt- 
age occurs and a balance is difficult to obtain. The oxidizing or reducing action 
must be completed before the \oltage is steady. The measurement is not trust- 
worthy, for die pH value of the solution may be seriously clianged in such reactions. 

The hydrogen electrode cannot be successfully applied to solutions containing 
metal Ions that fall below hydrogen in the electromotive series of metals and, 
also lead, all of which are reduced on die platinum electrode. 

Platinizing the Electrodes.—The film of platinum black is deposited by electrolysis 
in 3% platinic chloride solution containing 0.025% lead acetate. The electrode 
should be thoroughly cleaned before platinizing. Using two dry cells in series i( 
usually requires from SO seconds to 1 minute to deposit ihe platinum black. Ev 
perience will determine the amount of plating necessary. The electrodes should 
be washed with distilled water, and immersed in distilled water when not in use. 
The electrodes should not be allowed to dry thoroughly. 

Hydrogen GdS.— A sery convenient source of hydrogen is the compressed gaS 
supplied commercially in metal cylinders. A cylinder containing IQO or 200 cubic 
feet is commonly used in die laboratory, while small cylinders are available for 
portable use. 

Compressed hydrogen produced by electrolysis may be sufficiently pure to use 
directly from the cylinder for measurements ot ordinary accuracy, but it is commow 
practice to pass it through solutions of potassium hydroxide and pyrogallol and 
then through water to remove traces of oxygen and oUier impurities that would 
affect the potential of tlie hydrogen electrode. 

Quinhydrone Electrode.— Some of the difficulties encountered in the use of the 
hydrogen electrode are aroided by using a quinhydrone electrode. The basis of 
this electrode is a piece of platinum or gold tlie same as used for tlie hydrogen 
electrode, but tlie surface of the metal is not platinized and it is not supplied with 
gaseous hydrogen. Instead, a small quantity of quinhydrone (benzoquiiihydrone) 
is dissolved In the solution, and in certain conditions the electrode in die solution 
acquires a potential that is definitely related to the hydrogen-ion concentration of 
die solution. The potential is measured against diat of a calomel electrode, and 
the pH value is found from the measured voltage in the same manner as with a 
hydrogen electrode. 

Biilmann * was the first to describe the quinhydrone electrode for the pH 

5 Ann. Chim. Phys.. 15, 109, 1921. 
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measurements Morsan, Lammert and Campbell « have published a series oE 
papers covering detaUed studies of this electrode. The quinhydrone electrode is 
auicklv prepared, develops its potential rapidly and is not readily poisoned. 

^ Rather than describe L method of preparing quinhydrone, it is 

this material be obtained from chemical manufacturers or suppliers of high gr 

Although the quinhydrone electrode can be applied successfully to many solu- 
tions confining oxidizing and reducing substances in which tlie hydrogen electrode 
would give erroneous results, still it is not applicable in all cases. Measuremeius 
have been made with it on dilute nitric acid solutions, unsaturated organic acids, 
and on a variety of oxidizing systems that are of too low an oxidizing intensity to 
disturb the electrode potential. 

Limitatio 7 is.— The quinhydrone electrode is not applicable over the entire pH 
range. In tlie acid range, pH 0 to 7, it is excellent. In alkaline solutions strongly 
buffered, results of fair accuracy can be obtained to about pH 9.0. In solutions 
poorly buffered, the upper limit is approximately pH 8.0. In the latter case it is 
essential not to add an excess of quinhydrone, because it reacts with the alkali 
and clianges the pH value of the solution. About 6 to 8 drops of a saturated 
solution of quinhydrone in acetone is sufficient for 50 ml. of test solution. 

IE the pH value of a solution measured with a hydrogett electrode differs from 
that with a quinhydrone electrode, the difference may be due to tire “salt error” 
in the quinhydrone value. The hydrogen electrode is assumed to have no salt 
error. The magnitude and sign of the salt error (positive or negative divergence 
from the correct pH value) of the quinhydrone electrode depends upon the type 
and concentrations of the salts present in the solution. The salt error in nickel 
plating solutions of total salt concentration about 2.0 N is below -t-0.05 pH. In 
a 10.0 N' ammonium sulfate solution it is approximately —0.2 pH, while in a 
4.0 iV sodium chloride solution it is approximately -pO.2 pH. Since most solutions 
are far more dilute than these, the salt error is generally negligible. 

In high purity (99%) sugar solutions the quinhydrone electrode gives values 
which are approximately 0.2 pH low, while on low purity products, such as 
molasses, the values are high. Over purity ranges of 80% to 97% the quinhydrone 
electrode gives good results. 

Antimony Electrode.— OE the various metal and metal oxide electrodes that have 
been described, the antimony electrode has proved to be the most satisfactory. It 
does not require gas or a catalytic surface as does the hydrogen electrode; it does 
not require the addition of a reagent as does the quinhydrone electrode. The 
antimony electrode is not readily prepared, but once made up is useable for very 
extended periods. It may be obtained commercially ready for use. It is a rugo-ed 
electrode and in certain designs is used industrially for continuous plant service. 
The inherent accuracy of the antimony electrode is not as great as is the liydroo^en 
or the quinhydrone electrode. ^ 

Limitatiotis.-These have been described by Perley.- Notable amono- them is 
that the e m.f.-pH relation varies with the degree of buffering of the solution and 

P‘'‘rticularly beloiv pH 7, affects the poten- 


tial-pH reh-itionship. The antimony electrode is not applicable’to solutions which 
.r oxicizing or are strongly reducing, nor in solutions containing more than a 

« J. Am. Chem. Soc., 53, 2154, 1931 and 54, 910 1932 
‘ Trans. Am. Inst. Chem. Engrs., 29, 1933, 
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trace of copper, silver, or other metals below antimony in the electrochemical 
series of the elements. However, under known conditions this electrode serves a 
very useful purpose in measuring pH over tlte range of pH 3 to 12. It is being 
used quite extensively in sugar solutions (beet, raw cane, and refinery), paper 
mills, water treatment, pigments, etc For measurements on a given sample 
extending over long periods of time, this electrode is particularly suitable. 

Glass Electrode.— The work Hughes,® Kerridge,® Mclnnis and Dole.i®' and 
others have shown the possibilities of die glass electrode. A typical glass electrode 
is shown in Fig. 15-6. The sliell of the electrode consists of a small bulb or tip of 
special glass sealed to a stem for ordinary Pyrex 
glass. In this manner the hydrogen ion response is 
conOncd entirely to the area of the special glass 
membrane, eliminating any variance caused by the 
depth of immersion so long as the tip of the elec- 
trode is completely wetted by the solution. Inside 
die bulb is a dilute hydrochloric acid solution, and 
dipping into this is an internal reference electrode, 
which is generally eitlier a siUer-siher chloride elec- 
iiode or a calomel electrode. The inner cell is 
tightly sealed from the atmosphere by means of a 
wax or plastic dielectric and a metal or plastic cap. 
The connecting leads are shielded and the shield 
grounded to the measuring circuit. The glass elec- 
trode assembly is dipped into the solution under 
examination together with an external referetice 
electrode. Owing to the very high resistance of the 
glass. 10 to 100 megohms, tlte e.m.f. of the assembly 
must be measured witli special vacuum tube volt- 
meters. 

Many glass compositions have been investigated 
for tlieir pH response. The soda-lime type com- 
monly used. Corning 015, is the eutectic of the ternary system SiOa-CaO-NajO, and 
is composed of 72.2 mole per cent SiOj,. 6.4 mole per cent CaO, and 21.4 mole per 
cent NayO. This glass has Uie desirable properties of low melting point, high 
hygroscopicity, and relatively high electrical conductivity. These factors, plus 
durability at high temperatures and high alkalinities, resistance to abrasion and 
pressure when pressed onto surfaces, as v\ell as whether the pH response is linear, 
must be considered in the fabrication of a glass electrode. 

General purpose glass electrodes are characterized by relatively low electrical 
resistance, permitting construction ol glass tips so thick tliat they are practically 
unbreakable. The pH response of these electrodes follows a linear relation very 
well between pH 1 and pH 11. In more alkaline solutions the observed values of 
pH are too small and must be corrected from nomographs supplied by the manu- 
facturer. The error at a given pH increases with increase of the concentration of 
alkali metal ions, especially sodium ion. Above pH 12 these corrections become so 
large that even with corrections an accurate pH value cannot be obtained. 

« J. Am. Chem. Soc., 44, 2860, 1922. 
sCiochem, J., 19, 611, 1935. 
ro bid. Eng. Chem., Anal. Ed., 1, 57, 1929. 
rv J. Am. Chem. Soc., 53, 3315, 1931. 
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The sodium error at high pH can be reduced considerably by substituting 
lidTium or lithium plm a fituf retium or rubidium, tor sodium m the compost- 
tioii of the «^lass One glass tvith small sodium error at high pH is compoised of 
65 cem sZ 28 mole per cent LUO. 3 mole per cent C3,0 and 4 mole 

per cent^La-rOo. Barium oxide may be substituted for cesium and lanthanum. 
Small amounts of tlie larger-size barium, cesium, or Hnthanum ions apparently 
diminish the sodium error by their blocking action. The small sodium ions are 
less able to find the opening sufficiently large for their migration from one hole 
to another in the glass membrane or into the glass-solution interface. - Lithium 
alass electrodes are generally used in the pH 9 to 14 range because of their lower 
sodium ion errors in high alkaline solutions. Special types of glass electrodes are 
available for high-temperature measurements over lire entire pH range, pen in 
hio-hly alkaline solutions at the boiling point some of these electrodes will show 
only 0.2 pH deviation at pH 13.7 in 1 M sodium hydroxide. These types should 
be standardized with buffer solutions in the high pH range when used in alkaline 


solutions. 

Since the mechanism of tlie glass electrode involves no electron exchange, it is 
the only hydrogen-ion electrode not disturbed by oxidizing or reducing agents. 
The glass electrode does not affect the solution under examination. This permits 
poorly buffered solutions and those containing volatile components or suspended 
matter to be measured. 


Commercial glass electrodes are made in many forms for special applications 
(Fig. 15-7). Some electrodes require only a volume of one drop, although gen- 
erally a volume of 5 ml. is required to cover completely the sensitive portion of 
the glass bulb. 

Limilations.—ln solutions of proteins and other colloids that tend to adhere to 
the sensitive membrane, the glass electrode may yielt| erroneous results. It cannot 
be used in an acid fluoride solution. Only special types will withstand prolonged 
use at lOO^C. and in strongly alkaline solutions. Difficulty may be encountered 
when the glass electrode is used in nonaqueous media, due to partial dehydration 
of the glass membrane. 


Measurements with the Glass Electrode.— The first step is standardization of the 
instrument. This is done by immersing the glass and calomel electrodes into a 
buffer of known pH, setting the meter scale or needle to the pH of the buffer, 
and adjusting the proper controls to bring the amplifier circuit into balance. The 
pH of the standard should be within one, or at the most two, units of the pH 
of the sample to be measured. For highest accuracy the instrument should be 
standardized at one pH and checked against a second standard buffer so that 
the uvo buffers bracket the pH of the test sample. If measurements are made 
witliin 2 pH units of the buffer value, a 10°C. temperature variation will result 
in an error of less than 0.07 pH. 


A glass electrode exhibits a very fast response to rapid and wide changes of 
pH in buffered solutions. However, valid readings are obtained more slowly in 
poorly buffered or unbuffered solutions, particularly when changing to these from 
buffered solutions as after standardization. The electrodes should be thoroughly 
rv^^hed with distdled water after each measurement and then rinsed with several 
portions of die next test solution before making the final reading. Poorly buffered 
3oh...o„, Should be ,igorously stirred during measurement o° henre\hf Sin 


12 Perley. G. A., Anal. Chain., 21, 391, 394, 559, 1949. 
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layer of solution at the glass solution interface tends towards the composition of 
the particular kind of pH-responsive glass. 

The glass electrode should not be allowed to become dry, except during lojig 
periods of inactivity. However, it will return to its responsive condition when 
immersed in water for several hours prior to use. Electrodes constructed from 
special glass are available for continuous use at temperatures not exceeding 85°C. 
and for intermittent use up to 100°C. Glass electrodes of special construction are 
also available for operation under pressure conditions. A special reference elec- 
trode must be employed at elevated temperatures and under pressures above at- 
mospheric. Only a si'ver-silver chloride reference electrode performs satisfactorily. 



Chapter 16 


STATISTICAL INTERPRETATIONS 

By W. J. Youden 

Applied Mathematics Division 
National Ihiicaii ol Standards 
AVashmglon, D. C. 


PRECISION OF ANALYTICAL DETERMINATIONS 

The niialytical cliemist is concerned, first of all, with the reproducibility of his 
results. If the results of duplicate determinations do not check each other, it is 
hopeless to expect them to check a known value. Lack of reproducibility means 
that some condition aftecting the result is not being adequately controlled. An* 
alytical chemists have long been aware that it is easy to be misled on the question 
of reproducibility. If one solution is prepared for a colorimetric determination 
by dissolving a sample and following a sequence of steps preparatory to using the 
colorimeter, there is only oue determination. Aliquots from Jiis one solution will 
reveal only the performance of the instrument and will tell noUiing about the 
differences that might be found beuveeii luio solutions prepared from separate 
pottions of the sample. The tnip here is perfectly apparent. However, many 
chemists overlook the fact that ttvo or more determinations, run in parallel on 
the same bench, on tlie same day, using tJie same reagents, etc., will almost cer- 
tainly give a misleadingly optimistic impression of tlie real reproducibility of the 
procedure. Every analytical chemist should carefully specify the circumstances 
under which he expects any claimed reproducibility to be actually attained. If 
these circumstances refer to tlie agreement between results obtained in two or more 
laboratories on the same sample, the experienced analyst will recognize that this is 
a much more severe test of the procedure than would be parallel determinations 
on the same benclt. 

Experience has shown that the witliin-Iaboratory precision is, for all practical 
purposes, very much the same for different laboratories. The results from several 
laboratories differ because there are individual laboratory peculiarities, such as rea- 
gents, the environment, and the interpretation of the procedure, that are tempo- 
rarily constant for each laboratory. In different laboratories Uie reagents may differ 
in source and in age. The temperature, humidity, and light will be different, and 
the analysts may differ in the way in whidi they follow the instructions. These 
circumstances affect the determinations made within a laboratory in the same way 
and, therefore, do not disturb tlie agreement of duplicate results within a laboratory. 
The presence of such temporarily constant errors is demonstrated by the frequent 
lack of a^eement shown by the results from several laboratories. It is, therefore, 
not surprising that the agreement among laboratories falls short of the agreement 
among results within any one laboratocy. 

318 
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Very often, for research studies within one organization, the within-lubpratory 
a Jeement is the appropriate measure of the analytical errors. The ^omparjson^ 
different samples, for example, is largely free from constant errors, whatever their 
source. This follows because, in taking a difference, constant errors drop out. Even 
here, attention must be paid to the circumstances. If a study is made of ^han es i 
tire composition of a material stored for an extended period of time, the analytical 
error may approach that applicable for comparisons between laboratories. Over 
an extended time period, reagents will be replaced, analysts may change, and. sea- 
sonal changes may occur. None of tliese sources of error will be icvealed by up i 
cate determinations conducted in parallel. The analytical chemist must always bear 
in mind tire use to be made of the analytical results, because the analytical error 
depends to a considerable extent upon the circumstances involved. 

It is common to say that precision refers to tire agreement of duplicate results and 
that accuracy refers to the error as measured from the true value. There is a suit- 
able precision for every set of circumstances under which comparisons are made. 
There is always a local, more or less permanent, set of circumstances that introduces 
a systematic departure from the true value. Analytical chemists are engaged in 
devising analytical procedures and in carefully specifying them so that these sys- 
tematic errors are kept small. Only then do results from different places show 
acceptable agreement. An analytical procedure should not be vulnerable to small 
departures from die conditions prescribed for making the determinations. At the 
very least, small departures from die procedures that are likely to occur in practice 


should be e.xplored. 

Suppose, for example, that the volume of reagent, the time and temperature of 
digestion, the concentration and temperature of the washing solution are among 
the specified conditions for conducting the analysis. Besides determinations con- 
ducted strictly according to specification, some determinations should be made 
changing each condition in turn by a small amount. The results should also be 
independent of moderate changes in environment or sources of reagent, and these 
should be investigated. Of course, if the procedure specifically indicates the im- 
portance of holding particular conditions within certain close limits, these limits 
must be respected. The spread of the results of determinations in which such 
minor departures have been purposely introduced will be a much more realistic ap- 
praisal of die checks that can be expected when different laboratories use the jiro- 
cedure. Let .Xj, .Xo, . . . , .v„ be n individual results where n individual minor de- 
partures from the procedure have been tried. The estimate, s, of the standard 
deviation, (t, is given by 




Of course, if any of die results are obviously apart from the group, this deoarture 
from the procedure should be followed up. It may be necessary to^include a warn- 
ing for the conditions responsible. Such results should be omitted from the calcu- 
lation of the standard deviation. 

The use of the precision as estimated from parallel rum is justified only when 
the de eiminations to be comptired have also been carried out either in Jarallel 
or under as favorable crcumstances a, those that existed for the ru,” used for 
est.mat.ng the prec.s.on. Very often a considerable number of materia s have 
been run m duphcate. These duplicates can be used to estimate Urn ^eci ™ 
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I£ duplicate results are available on each of n materials, the n differences, d■^, d>., 
can be used to calculate an estimate, s, of the standard deviation by sub- 
stituting in the formula s = V2d2/2n. 

The samples should cover a range of amount of the element involved. The 
individual d's should be plotted against the sample averages to reveal if the error 
depends on the amount present. Sometimes the error is proportional to the 
amount present. In that event it is useful to express the standard deviation as a 
percentage of the amount present, die ratio being called the coefficient of variation. 
A quick approximation for the coefficient of variation can be obtained by first 
converting each difference to a percentage of the average of the duplicates. These 
percentages, pi, pj* • • • » Pn> substituted in the formula, C.V. = \/2p2/2rt, 

to estimate the coeflicieni of variation. It may sometimes suffice to group die ma- 
terials into two or three classes on die basis of the amount present and to calculate 
a standard deviation for eacli class. Fitting a straight line when the analytical error 
varies with die amount present requites ucighting of the data. Textbooks ofl 
statistics should be consulted when this problem arises. 

In a routine process, the adequacy of the sampling may be ascertained by run- 
ning one determination on each of two samples from each lot sampled. These re- 
sults are treated as duplicate results. The standard deviation is calculated as above 
using the formula for differences. If the standard deviation computed when using 
individual analyses from duplicate samples is persistently larger than that calcu- 
lated from duplicates on the same sample, this is evidence that die sampling is con- 
tributing to die error. 

A good estimate of the standard deviation requires a considerable number of 
independent measurements. Even with 20 independent errors, the standard 
deviation may be either underestimated by as much as 25% or overestimated by 
approximately 50%. For this reason, the accumulation of information from 
many pairs of duplicates is highly desirable. 

ACCURACY OF ANALYTICAL DETERMINATION 

Analytical procedures are tried out in most cases on “known" materials. These 
may be standard samples, or purified substances, or materials run by some otlier 
accepted, and peihaps moTc tedious, method. Whenever possible, a numbet of 
such known materials should be used rather than running a lot of determinations 
on just one materi.il. Considerably more can be learned from one or two determi- 
nations on each of several materials than from tlie same total number of determi- 
nations on just one material. 

Suppose there are n materials available covering a range of amount of tlie item 

to be determined. Designate the known values by Xj, Xj, and the results 

of single determinations by y^. Prepare a graph using the known 

values as abscissas aud the corresponding results as ordinates. Use the same scale on 
each axis. The amount found should, in theory, equal the amount taken and the 
points should lie along a straight line, y = x, with a unit slope through the origin* 
If tlie only errors in the results are random precision errors, tlie points should be 
about equally distributed above and below this line. If the points are all, or nearly 
all, on one side of the 45* line and about the same amount away from the line* 
tliere is an indication of tire presence of a constant error. In this case a parallel 
line, y = a -p X, may fit the points satisfactorily, and the intercept, a, on the y axis 
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is an estimate of the constant error. The points may be chieHy on one side but 
departing more and more from the line with increasing amounts of the item deter- 
mined. This suggests a type of systematic error that is proportional to the amount 
Zent A line y = cLesponds to this state of affairs. Sometimes it is iieces- 
Ly to use the general formula, y = a + bx, to allow for both an intercept and a 
slope other than unity. In the event that the points depart from a liimar relation- 
ship and if the method must still be used in spite of this serious handicap, it will 
be necessary to do considerable work to establish an empirical relationship. 

In order to get a reasonable number of points, additional knowns may be obtained by 
preparing mixtures of known proportions of the available materials. Duplicate deter- 
minations should be run on each material. Denote the duplicate values for each ma- 
terial by y and y^. There will be two determinations, y; and y,' , for the material with 
known composition .v,-. Formulas appropriate for the lines y = .v, y = a + x, andy = bx 
will be given here. The formulas for the general line, y — a bx, are available in many 
textbooks. 

The advantage of fitting a line to a series of points is that the deviations of the points 
from the line furnish an estimate of the analytical errors in addition to the estimate based 
upon the differences between the duplicates at any point. In effect, the line is fitted to 
the averages for the pairs of duplicates. For computational reasons, the formulas are 
based upon the individual results and not on the averages. 

As a first step, obtain the n differences, di, d-i, . . . , dn, f or the n pairs of duplicates and 
calculate S<fV2. The precision is estimated by j = '\/'Zd-/2n, and this precision will 
be compared with an estimate, Sa, of the analytical error based on the departures of the 
points from the straight line fitted to the points. 

For the line,y = x, there are no constants to compute. The sum of the squares of the 
deviations of all 2n points from this line is given by S(y — .v)" -f- S(y' — .v)^ Note that 
each .V is used twice, once with each duplicate. This sum of squares must be diminished 
by S(f-/2, the portion corresponding to the precision error. The remainder, R = 
2(>' — -v)- + S(y' — .v)- — S«f-/2, should be divided by n and the square root taken to 
obtain Ja, the analytical error as revealed by the departure of the points from the ideal 
line, y = .v. If ja is less than s, this is pure chance and not to be taken seriously. Almost 
always Sa will be larger than j. It is customary to calculate the ratio, F = sj/s-, of the 
two variances in order to form an opinion as to whether the points depart from the line, 
y = .V, sufficiently to suggest that a line with an intercept or a line with a slope other than 
unity would provide a better fit. If this ratio e.xceeds 5.0 for five materials, or 3.4 for 
eight materials, or 2.7 for 12 materials, the evidence strongly suggests that the amounts 
found depart from the amounts taken in some systematic manner. 

For the line, y = a 4- .v, a is obtained by calculating a = (Sy -f Sy' — 2Sx)/2«. The 
m of the squares of the deviations from this line is given by S(y — x)- -f S(y' — — 

This sum is diminished by and the remainder, Ra, is divided by (« - 1) to 

give a new estimate, Saa, for the analytical error. The estimate, Saa, is never larger than 
the estimate, Sa, found for the line, y = .v. Generally, it will be considerably smaller. A 
statistical test is available to determine whether or not the line, y = a -f .y has substan- 
tially decreased the sum of the squares of the deviations that was found for’the line v = 
7 7 divided by (saa)'- This is another F ratio and if it exceeds 

I « er 

Calculate b ~ (Sjj. + Sa7')/22v'- The sum 

of the squares of the deytanon from the Ime,,. . 4a. is given by 2/ + 2 /= - 6(2 v, + 
Sa, ). Agatn thts sum is diminished by 2d=/2. and dteremainderf fit when dilrf by 


sum 

2nd 
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(n ~ 1)> gives another estimate, Sab, for the analytical error. This estimate is never 
larger than Ja, and usually is smaller. The decrease (H — /?&), is divided by 
and the same F test is applied as in the preceding paragraph. A large F ratio indicates 
the presence of a systematic error that is proportional to the amount present. 

In the two paragraphs above, the estimates of error, joo and Sab, are obtained by taking 
the square root after dividing the remainder by (n — I). 

If the simple line, y = x, proves inadequate, one or the other of the two lines, y = a + 
X ory = ixy will usually provide a much better fit. The analytical error, as calculated 
from the deviations of the points from one or the other of these lines, will be reasonably 
close to the estimate, s, calculated from the duplicates. This statistical examination is 
intended to reveal a defect in the procedure and to give a hint of the nature of the defect. 
If the procedure is used without con'ccling the defect, the accuracy, Sa, is given by the 
deviations from the line, y ^ x, and certainly not by ihc agreement shown by duplicates. 

The estimate of the standard deviation that is based on the deviations from the fitted 
line is usually a more realistic value than that obtained from parallel duplicates. There 
are often unconscious efforts to bring about agreement between duplicates. The use of 
different materials avoids this all loo common tendency. The determinations for several 
materials are probably spread over a longer period of time. In fact, it is a good idea to 
number all the determinations from 1 to 2n. A set of 2n cards should be numbered and 
shuffled to randomize the order. The determinations should be run in this random order. 

SOME IMPORTANT USES OF THE STANDARD DEVIATION 

All the preceding remarks have been directed to making sure that a meaningful 
estimate of the analytical errors has been obtained. A standard deviation based 
upon parallel duplicate determinations is appropriate for comparing two materials 
run simultaneously. Let die average of determinations on material be 
and the avergae of determinations on material A /2 be m 2 , and s be the estimate 
of (he standard deviation of the analytical procedure. It is assumed that s is based 
on other data and witli 30 or more degrees of freedom. In practice and tu 
likely to be very small and possibly both of them equal to one. The degrees of 
freedom equal the number of independent errors. The degrees of freedom are 
equal to n if « pairs of duplicates are used to estimate s, and to (n — 1) if the esti* 
mate Is based on 11 lepeat. detetmiwauows ow owe sample. 

Compute 

nifi2 

til + 712 

If t exceeds 2.0, there is evidence at the 95% level of confidence for a difference 
between the materials. If s is based upon fewer degrees of freedom, the values of I 
for various degrees of freedom arc shown in Tabic 16-1. 

The analyst may be interested in comparing die average of n determinations 
on a material with some specified or claimed value, V, for the material. If the 
average m of n determinations differs from V, tlie analyst cannot dispute the 
claimed V unless he believes that the difference (V — m), exceeds that which he 
might have obtained if V had been die true value. This leads right back to the 
deviations from the straight line y = x, and it is the standard deviation, s^, based 


{mi — W2) 


4 
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Confi- 

dence 

Level, 

% 

Degrees of Freedom — D.F. 

1 

2 

1 

4 

8 

16 

1 

32 

CO 

95 

90 

12.7 ' 
6.3 

4.30 

2.92 

2.78 

2.13 

2.31 

1.86 

2.12 

1.75 

2.04 

1.70 

1.96 

1.64 


on these deviations that is appropriate here. It is unreasonable to expect to get 
any better checks on V than were obtained on known materials. 

Calculate 


(V — m)'\/ n 

t = ^ ^ 

Sq, 

and apply the same criteria for t as given above. 

Analysts are often expected to set conhdence limits about the results they re- 
port. Again it is important to select the right stajulard deviation for any given 
circumstances. The factor applied to the standard deviation to obtain confidence 
limits depends on the number of degrees of freedom associated with the estimate 
of the standard deviation. The confidence limits for a single determination are 
obtained by multiplying the standard deviation by the appropriate factor, t, and 
then adding and subtracting this quantity from the result obtained in the determi- 
nation. The confidence limits for an average of k determinations are obtained by 
first dividing s by the Jk. If k is small and these are the only determinations avail- 
able to estimate the standard deviation, then the factor for the confidence limit 
will be correspondingly large. It is better, whenever possible, to use an estimate 
of s based on prior information, i.e., on many degrees of freedom, and to use tlie 
appropriate smaller multiplying factor tlian to rely exclusively on the immediate 
data. The assumption here is that the immediate results for which confidence 
limits are desired were obtained under as favorable circumstances as were the de- 
terminations used to establish a firm estimate of the appropriate standard deviation. 

Suppose an analytical procedure is stated to have a standard deviation. <r, under 
certain specified circumstances. If an estimate, s, of the standard deviation based 
on f degrees of freedom is available from determinations also made under tliese 
circumstances, it is possible to compare the estimate with the claimed value a. 
There will, as a rule, be no complaint if the estimate, s, is smaller than <r. The 
question really arises when s is larger than <r and one wishes to know whether it is 
enough larger to be considered evidence that there is a real difference between 
r and o-. A ratio, called chi square, is computed by multiplying tire ratio of the two 
variances by the degrees ol freedom. 



X 
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If X" exceeds certain values, depending on the number of degrees of freedom, 
there is evidence for a real difference between the observed and claimed value. 


Tabix 16-2. Some Values for Cm Square 


Confidence | 


Degrees of Freedom = 

=/ 


Level, 













% 

1 

2 

4 


16 

32 

95 

3.84 

5.99 

9.49 ’ 

15.5 ' 

26.3 

46.2 

90 

1 

2.71 

4.61 

7.78 

1 

13.4 I 

23.5 1 

42.6 

1 


ROUNDING DATA 

Suppose a chemist obtains the result 11.42 by a procedure that he knows has a 
standard deviation of 0.05. This means tliat ilie result may deviate from tlie cor- 
rect value by as much as ±10 units in the second decimal place so the chemist 
promptly rounds the result to 11.4. The meaningless figure has been suppressed, 
but at a price. There is a correct value, though unknown. Imagine a long series 
of such rounding of similar determinations. It is a solvable mathematical problem 
to ascertain the average magnitude for each of the following quantities: 

True values minus results to two decimal places. 

True values minus results to one decimal place. 

These two average "misses” arc respectively 0.040 and 0.040. The average miss is 
increased 15% by lounduig even in this apparently justified instance. More vividly, 
in this instance, the average of four rounded values is no better than the average 
of three unrounded results. This increase in the departure from the true value is 
usually not important in any particular result reported, and so rounding is a very 
general practice. The place where rounding is absolutely reprehensible is in re- 
ports of a study of an analytic.il procedure. These ‘‘meaningless," uncertain, ter- 
minal figures are just tlie ones that do reveal the random errors in the work. 
Rounding greatly diminishes die efficiency of estimates of the standard deviation. 
Naturally, when the data are rounded, the results have tlie appearance of being 
in excellent agreement, but the ability to estimate the standard deviation of the 
procedure is greatly impaired and sometimes altogether removed. 

CONTROL OF ROUTINE ANALYTICAL WORK 

In routine work, particularly in maintaining a dieck on a jjroduction process, 
it is usual to run just one determination per sample. Two problems arise here. 
One is the possible a|>pearance of a value out of line with the usual values. Tlie 
other has to do with checking on the laboratory to prevent a gradual deterioration 
in tlie quality of the analytical work. The latter problem is customarily dealt with 
by introducing at irregular intervals some known reference material or by sending 
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back, under a new number, a sample already reported on. If known samples that 
are not recognized can be used, the matter is simple and the test has already been 
described. If samples are reissued, the only evidence available is the agreement 
shown by tire duplicates. The standard deviation for a procedure in routine use 
should be well established. Let a- denote the standard deviation. Consider what 
might be expected regarding the differences between duplicates if many pairs of 
duplicates were available for examination. 

10% of the differences will exceed 2.33 a 
5% of the differences will exceed 2.77 cr 
1 % of the differences will exceed 3.64 tr 
0.5% of the differences will exceed 3.97 cr 

The laboratory director must select some appropriate multiple of or and, when 
this difference is e.xceeded, take what action is deemed necessary. If the multiple 
selected is 3.64(t, then tliere is one chance in a hundred that such a difference could 
occur in the normal course of events without any deterioration in the work. Too 
small a factor will lead to frequent unwarranted suspicion of inferior work. 

The appearance of a value that is out of line with the usual run of values usually 
involves tire production force as well as the laboratory. The quality control charts 
in the production area are designed to catch just such values, and the analytical 
laboratory should be familiar with the appropriate charts. When a result is ob- 
tained that the laboratory knows ;vill go outside the control lines on the production 
control cliart, it would seem a wise precaution to check the determination immedi- 
ately. Production may be inclined to ascribe the undesirable result to poor analyti- 
cal work and it would be proper to anticipate this action whenever possible. 
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THE ANALYTICAL USE 
OF THE MICROSCOPE 

By Walter C. McCrone and Louise K. Forlini 

McCronc Rcsearcli Institute 
Chicago. HU 


/nlroduction.— Chemical microscopy permits the exact identification o£ an uti- 
known substance, of an unknown compound, or of a desired component in a heter- 
ogeneous sample. E\en though it may be present in only trace amounts, the com- 
ponent is identifiable so long as it maintains its identity as a separate phase. Re- 
sults are obtained in terms of the compounds present rather titan the elemeiits, 
allowing a distinction between isomers, polymorphs, or dilferent combinations of 
the same ions. Even where orthodox methods of chemical analysis are applicable, 
the optical method may prove more e.xpeditious. 

Microscopical methods, by their nature, require only small amounts of sample. 
Physical properties such as refractive index, melting point, etc., may b? deter- 
mined on nanogram quantities (10-® g.), if necessary. Tlie majority of the tech- 
niques are nondestructive, allowing recovery of the sample. 

MORPHOLOGY AS THE BASIS FOR IDENTIFICATION 

Many materials can be identified at a glance by iheir morphological character- 
istics, tiiat is, their external form or shape. The microscopist can identify a sur- 
prisingly large numbei of metals and alloys, bacteria, plant and animal fibers, pure 
crystalline compounds, animal cells and tissues, diatoms, starcli grains, pollen grains, 
etc. It is, however, necessary for him to be directly familiar with these materials, 
or to have access to photomicrographic atlases of potential materials. No such 
complete atlas exists, although a number of small compendia arc available. 

For example, natural textile and paper fibers possess unique morphological char- 
acteristics: scales on wool fibers, nodes on flax, serrated cells in esparto, pitted bag- 
like cells in nonconiferous wood pulp, etc 

Analysis by morphology is also useful in air pollution studies. Figure 17-1 is 
a photomicrograph of atmospheric debric co^ected in dust-fall jars in Chicago, 
showing cotton and wool fibers, bits of paper and wood, fly ash, soot, a bit of pigeon 
feather, quartz and other minerals, bits of paint, iron oxide scale, and particles of 
glass. 

In many police laboratories it is common practice to vacuum clean the clothing 
of an arrested suspect and to examine the sweepings microscopically. Items of 
forensic interest might be pieces of glass, paint chips, hairs or fibers, pills, clumps 
326 
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nnH shoes while leaving other microscopic particles at me scene, ri 
colteS by stSing a 5a„spavenc adhesive iape on broken ™ndo,«, wmdow s.lls, 

Hr\nT I'ltnllS bloWll^ Or Wl'GClcCCl StlfcSj CtC. ^ 

•?o toe the sensitivity or ease oE morphological ana ysts, opt.cal properttes 
suit a refactive index ma,' have to be measured. The m.croscoptst may ha ve o 
identdy chemical compounds by the addition of a reagent to a test c^rop of the 
unknown, comparing any tresulting precipttate with a descriptton, drawing. 



Fic. 17-1. Settled Dust from Chicago Dust-Fall jar. 


photograph of a known precipitate obtained under identical conditions. Fusible 
compounds may have to be melted and examined for characteristic properties, such 
as refractive index of the melt. 

Measuring a number of significant properties of the compound and comparing 
diem widi the descriptive and numerical data available in the literature, the micro- 
scopist can then identify an unknown. If a similar item of known source is avail- 
able for comparison, he can prove identity or nonidentity. 

The desired component of a mixture may have to be separated or concentrated 
by crystallization, fusion,' or precipitation, or by staining or “optically isolating” it 
by imniersion in an appropriate refractive index medium. 

The usefulness of morphological and optical data in analysis, unfortunately, 
depends on its availability in a useful form. A number of fiber atlases have been 
compiled,! and tables of crystallographic data are available for all the minerals 


iLochte, Atlas der Menschlichen und Tierischen Haare (Schops, Leipzio-, 1938); von 
Bergen and Krauss, Textile Fiber Atlas, 2nd Ed., Textile Book Publishers, New York 
1949; Luniak, Identification of Textile Fibres, Pitman, London, 1953; Matthews Textile 
Fibers, Ed. Mauersberger, 6th Ed., John IViley and Sons, Inc., New York, 1954- Vvildman 
Microscopy of Animal and Textile Fibers, Wool Industries Research Association, Leeds’ 
Q-o Carpenter and Leney Papermaking Fibers, State University of New York, Syracuse’, 
19o^, Identification of Textile Materials, Textile Institute, Manchester, 1951; Textile Fibers 
under the Microscope, Imperial Chemical Industries Ltd., 1939. 
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compounds have also been stu ‘ Most of the latter descnp- 

f- 

data, and unit cell dimensions. 



Fig. 17-2c. Back of Card for 1,5-Diplienyl Carbohydrazitle. 

A pundied-card system for tabulating and using crystallographic data has been 
devised by one of the authors.® Each card contains data on the morphological, 
X-ray, optical, and fusion properties of the compound (Fig. 17-2). 

- Groth, Chemische Kristallographie, 5 Vols., Engebnunn, Lcip/.ig, 1906-19; Winchell, 
Microscopic Characters of Artificial Minerals, John Wiley and Sons, Inc., Neu' York, 1931, 
and Optical Properties of Organic Compounds, 2nd Ed., .-Vcadeniic Press, New York, 1954; 
Donnay and Nowacki, Crystal Data, Geological Society of America, New York, 1954; Larsen 
and Berman, Tables for the Identification of the Non-Opatiuc Minerals, U. S. Geo. Survey 
Bull. 848, 1934; Porter and Spiller, The Barker Index of Crystals, Vol. I, Heller, Cambridge, 
1951, Vol. H, 1956; Palache, Berman, and Frondel, Dana s System of Mineralogy, Vol. 1, 
John Wiley and Sons, Inc., New York, 1944, Vol. II, 1951, Vol. HI (in preparation); Dell'et, 
Repertoire ties Composes Organiques Polymorphes, Desoer, Liege, 1942. 

s.Womatic nitrogen compounds by Bryant. J. Am. Chem. Soc., 65, 130, 1943; amino acids 
by Keenan, J. Biol. Chem., 62, 163, pharmaceuticals by Keenan, f. Assoc. Olf. Agr. Chem., 
27, 153, 1944, and Keenan and Eisenberg, J. Amer. Pharm. Assoc., 35, 94, 1946; su<>ars bv 
Wherry, J. Am. Chem. Soc., 40, 1852, 1918. ° 

i During the period March 1948 to June 1961. Now published as a regular feature of 

^ '7 McCrone Research Institute, Chicago. The data on 

230 of the 242 compounds were tabulated in The Crystal Front, Vol I No 3 1059 
McCrone, W. C., Anal. Chem., 28, 972, 1956. > • . 
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IDENTIFICATION OF PURE COMPOUNDS 
A. CRYSTAL GEOMETRY 

Crystalline materials are usually described morphologically in terms o£ crystal 
form, habit, and angles, and, when possible, crystal system. 

Crystal Systems.— The external faces of a crystal are directly related to tlie internal 
arrangement of atoms, the crystal lattice. Unlike tlie random arrangement found 
in liquids and noncrystalliiie materials, die atoms in crystals are arranged in a 
repeating three-dimensional array. There are six such possible arrangements, con- 
stituting the six crystal systems: 

The cubic system has an equal spacing of atoms along three mutually perpen- 
dicular directions, chosen as the diree a axes. It has a minimum of four axes of 
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threefold symmetry, which form the body diagonals of a cube defined by the three 

" The tetragonal system has equal spacing of atoms along two mutually perpen- 
dicular directions, chosen as the two a axes. Normal to the plane thus formed the 
spacing is different, and designated the c axis. 


It has one fourfold axis of sym- 


™The hexagonal system, which includes both the hexagonal and rhombohedral 
classes, has equal spacing of atoms along three directions 120° apart m the same 
plane, the three a axes. Normal to the plane thus formed the spacing is different 
(c axis). The c axis is a three- or sixfold axis of symmetry. 

The orthorhombic system has unequal spacing of atoms along three mutually 
perpendicular directions. It contains at least two symmetry planes. The axes are 
chosen on die basis of spacings so that c < a < 6 as determined by X-ray diffraction 
or by ioterfacial angles. 

The monoclinic system has unequal spacing along two mutually oblique direc- 
tious and normal to the plane dius formed the spacing is also different. At least 
one plane of symmetry is present. The unique axis perpendicular to the plane 
of symmetry is h. The other two axes lie in the plane of symmetry and are chosen 
so that c < a and simple forms result. 

The Triclinic System.-Crystals of this system have unequal spacing of atoms 
along three mutually oblique directions. Three prominent directions are chosen 
such that c < a < 6 and simple forms result. No symmetry need be present (Fig. 
17-3). 

Miller Indices —The notations usually used for naming the crystal faces are the 
Miller Indices, which express the intercepts of each face on the axes, in the order 
a, b, c. The crystal is oriented so that a lies front (-}-) to back 
(— ), b lies right (-f) to left (— ), and c lies top (+) to bottom (— ) 

(Fig. 17-4). Thus 111 indicates a pyramid face, and 001 a face 
perpendicular to the c axis (Fig. 17-5). 

Forms.— Similar external faces are classified as forms, for exam- 
ple, the six faces of a cube are all similar and constitute the cube 
form (Fig. 17-6). Two parallel faces having no equivalents are 
called a pinakoid; 3, 4, 6, 8, or 12 similar parallel faces form a 
prism, if they intersect at a point they form a pyramid. More 
than one type of form is usually required to complete a crystal. 

Habit.— This is the general shape of a crystal, or the particu- 
lar combination of faces developed (Fig. 17-7). It depends on 
the environment during growth (solvent, impurities, temperature, 
etc.) as tvell as the “nature of the beast.” 

Constancy of Interfacial Angi«.-Both ideal and distorted crystals of the same 
substance have identical crystal angles. In any distortion, the general shape of the 
a-ystal may be changed, but not the crystal angles (Fig. 17-8). This is an ex- 
pression of tire larv of Constancy of Interfacial Angles. The crystal angles of most 
use microscopically are the so-called profile angles, observed when the'’ crystal lies 
on a face. A cube shows 90° profile angles; an octahedron, 60° or 190° angles 
Crystal angles can be measured with tlie microscope using a graduated rof 
stage and a cross-hair eyepiece. Stage and crystal are centered, and reading' 
taken with each side of the angle parallel to one of the crosshairs. ^ 
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Fig. 17-1. Crys- 
tallographic 
Axes in the Or- 
thorhombic 
System. 


rotating 
s are 


Rational Indices.-Cxystnl forms and habits are also 


Rational Indices 


governed by the law of 


, which states that the ratios of the intercepts of different crystal 
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faces on the different crystallographic axes are in the ratios of small integers. The 
axial ratios are best determined by X-ray diffraction, and expressed as a:c for the 
tetragonal and hexagonal systems, and a:b:c for orthorhombic, monocHnic, and tri- 
clinic systems. Ammonium dihydrogen phosphate, a tetragonal crystal, has an 
axial ratio arc = 1:1,002; the distance between atoms along the c axis is 1.002 
times the spacing betvveen atoms along the a axis. The interfacial angle can be 
calculated from the axial ratio trigonora- 
eirically. If the tangent of one-half the 
angle about c is 1/1.002 = 0.998, then the 
angle about c is 2(44.94*) = 89.88*. 

T'mmnmg.— Crystals are often twinned. 
In most cases, twinning results in forma- 
tion of re-entrant angles as in the examples 
shown (Fig. 17-9). Randomly intergrown 
crystals are not twins; the term is limited 
to situations where two or more inter- 
penetrating crystals bear a definite, unique, 
and characteristic angular relationship. 
The common composition plane, or twin- 
plane. will always coincide with a possible 
crystallograpliic face. The different por- 
tions of the twinned crystal can be differ- 
entiated by optical tests. 

Polymorphism.— A compound showing 
polymorphism can aystallize with differ- 
ent interna] lattices, thereby giving cor- 
respondingly different external crystal mor- 
phoI<^ and internal physical properties. 
The crystal systems of the modifications are usually different. Two of the most 
common examples are carlmn, crystallizing as the cubic diamond atid the hexagonal 
graphite, and the tetragonal (red) and orthorhombic (yellow) forms of mercuric 
iodide. 

C/cawage.— Crystals may show a tendency to break along certain definite planes, 
parallel to faces or possible faces. Nearly perfect cleavage is exhibited by limestone 
(calcite), since it breaks up into well-formed rhombohedra on grinding. 

OPTICAL PROPERTIES 

The spacing of atoms determines not only the system, shape, and angles of a 
crystal, but its optical properties as well. A diemical or petrographic microscope is 
essential for the study of optical crystallography. It must possess polarizer and 
analyzer Nicol prisms (or polarizing films), a graduated centerable revolving stage, 
cross-hair eyepieces, compensators, and a good condenser. 

Refractive Index.— The most important optical property is the refractive index, 
which can be visualized as the degree of slowing of light as it passes through a 
substance. Elements of higher atomic weight are more effective in slowing light, 
so that compounds containing the heavier atoms usually have higher refractive 
indices, as shown in Table 17-1. The refractive index is constant for a substance 
of definite composition. It is influenced, however, by the wavelength of illumina- 
lion used, and the temperature of the sample. 



Tic. 17-5. Miller Indices: Face ABC - 
111, Face HKL - 346. Reproduced 
with permission fiom Kolchofl and El- 
ving, Treatise on Analytical Chemistry, 
Fart I, Interscience Publishers, Inc.. 
New York. 
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Sodium Chloride 
(Cubic) 


Borox 

(Monoclinic) 


Quartz 

(Hexogonol) 


Fig 17-6. Some Typical Crystal Habits. Reproduced with permission 

Wing Treatise on Analytical Chemistry, Part I, Interscience Pubhsheis, Inc., New York. 
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Fic. 17-7. Common Crystal Habits. Reproduced with permission from Kolthoff and El- 
ving, Treatise on Analytical Chemistry, Part I, Interscience Publishers, Inc., New York. 



Fig. 17-8. Octahedron and Distortions. Reproduced with permission from Kolthoff and 
Elving, Treatise on Analytical Chemistry, Part I, Interscience Publishers, Inc., New York. 
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Table 17-1. Refractive Indices of Some Compounds Arranged in Order of 
Increasing Molecular Weight 


Molecular Refractive 

Compound Weight Index 

Sodium fluoride 42.00 1.336 

Sodium chloride 58.45 1.5442 

Sodium bromide 102.91 1.6412 

Sodium iodide 149.92 1.7745 


Determinaiion of all indices on an unknown Inorganic compound leads to 
almost certain identiflcation, since almost all of them have been characterized with 
respect to refractive index, and the values have been tabulated. Too few organic 
compounds have been described to ensure identification, but the values neverthe- 
less suggest molecular shape and presence or absence of highly refractive groups. 
For example, an organic crystal with one high and two low refractive indices is 
very likely a linear molecule, whereas the combination of two high indices and 
one low one signifies planar molecules. Three high indices indicate a highly con- 
jugated molecule which may contain biomtnc, iodine, nitro, or otlier highly re- 
fractive groups. 

Refractive index determination requires only a minute amount of sample, wliicli 
can be recovered. 

Isotropy and Anisoiropy.>-Only glass, some plastics, and compounds in die cubic 
system show a single refractive index, designated n; they are optically isotropic. 

Systems having two or tiiree refractive indices, exhibiting different optical prop- 
erties in different directions, show optical anisotropy (double refraction or bi- 
refringence), The tetragonal and hexagonal systems Jiavc two principal refractive 
indices: epsilon in the unique direction and omega perpendicular to it. They are 
therefore termed uniaxial. The systems with two isotropic directions (that is, 
two optic axes), the orthorhombic, monoclinic, and triclinic, have three principal 
refractive indices, designated alpha, beta, and gamma, in increasing order. Any 
refractive index between these principal values can be observed in intermediate 
directions. 

Refractive Index Measurement.—The actual mechanism of refractive index meas- 
urement consists of immersing the particulate sample in a medium of known re- 
fractive index and using a narrow pencil of axial light. If the refractive indices 
of the medium and a particle are equal, the particle is invisible; if they differ, the 
panicle shows relief and a bright halo, termed the Becke line, appears at Uve edge 
of the particle. On raising the focus of the microscope the Becke line shifts toward 
the medium of higher index. The degree of contrast shown is directly proportional 
to the difference in refractive index. The accuracy of the Becke test is about 
ztO.OOl, although ±0.0004 is possible with monoclvromatic light and temperature 
control. 

Crystal fragments with irregularly sloped edges may show two bright lines which 
move in opposite directions, so that the oblique illumination method may be prefer- 
able.® 

8 See Chamot and Mason, Handbook of Chemical Microscopy, Vol, I, John Wiley and 
Sons, Inc., New York. p. 315, 1958. 
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Anisotropic crystals must be studied with the help of polarized light, which has 
a single vibration direction perpendicular to the direction of propagation. Ordi- 
nary light can be polarized with a Nicol prism or a polarizing filter, with which most 
cliemical microscopes are equipped. The refractive index actually observed can be 
controlled by rotating the crystal to the proper position relative to the vibration 
direction of the polarizer (Fig. 17-10). 



(al Observing the € index (bl Observing the OJ index 

Fig. 17-10. Orientations of Tetragonal Crystal Relative to Polarizer Vibration Direction. 

Inde.x Variation Methods.— These methods allow die use of fewer liquid stand- 
ards tVith a given specimen, by (1) mixing two liquids, (2) varying the wavelength 
of light, (3) varying die temperature, and (4) varying both wavelength and tem- 
perature. 

Mixing Two Liquids.— Instead of mounting the particles successively in single 
liquids of known refractive inde.x, they can be mounted in a liquid of somewhat 
higher index and small increments of a lower index liquid can be added until a 
match in index is observed. The index of the mixed liquid is then determined 
with a microrefractometer. 

Variation of the ^Vavelength of Light.— Variation of the index of a substance 
with the wavelength of light is called dis{)ersion of refractive index. Refractive 
indices of all solids vary with wavelength, so that this property can be used to 
assist in the identification of unknown solids (see Table 17-2). 


Table 17-2 



Inde.x 

Wavelength (A) 


4861 “ 

5893*- 

6563 “ 

Sodium chloride 

n 

1.5534 

1.5443 

1.5407 

Quartz 

omega 

1.5497 

1.5442 

1.5419 

Barium sulfate 

beta 

1.641 

1.636 

1.634 


“ Lines in the mercury arc. 

Sodium doublet, with average wavelength equal to 5893^. 
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Variation in the wavelength may be achieved by using a succession of filters, 
spectrally limited lamps (sodium, hydrogen, mercury, etc.) or a monochromator. 
Normally a sodium lamp, or at least a yellow filter, is used when measuring re- 
fractive index; hence, the indices for sodium light are of most interest. In recent 
years the very narrow band interference filters have come into general use. They 
are excellent for use in microscopy. 

Dispersion staining is an identification technique based on the differences in 
dispersion of refractive index of particulate solids and the liquid media in which 
the solid is imbedded. Two different procedures called annular screening and 
central screening give colored particle boundaries. Annular screening shows a 
color containing those wavelengUw near that at which both particle and medium 
show a match in refractive index; central screening shows colors complimentary 
to those shown by annular screening, i.e.. liglvt of wavelengths refracted by the 
particle in that medium. 

Based on these effects it is possible to systematically identify transparent par- 
ticles by their dispersion staining colors in Cargille refractive index media. Dis- 
persion staining is a very simple technique of wide application. It greatly in- 
creases the certainty of identification and makes possible dependable analytical 
work by less skilled personnel. Crossmon ^ has applied this phenomenon inten- 
sively for analysis, and Schmidt* has used it for the analysis of dust particles. The 
method is most effective for those compounds which are isotropic or do not vary 
greatly in refractive index or dispersion with direction in the crystal. Many min- 
erals are included in this category.* 

Variation of Temperature.— Refractive indices of nearly all liquids and solids 
decrease with an increase in temperature. The index change per degree Centi- 
grade, dn/di, is esseiuially constant for cadi liquid over a normal range of tem- 
peratures and, once determined, can be used to calculate the refractive index of 
the liquid at any other temperature. On the other hand, dn/dt for most solids 
is negligible. In practice, die temperature of the preparation is increased until 
liquid and solid have the same index; the index of the liquid can then be calculated 
from its known temperature coefficient of refractive index, dn/dt. 

Double Variaiion Method.— even greater range of index can be obtained 
from a single liquid by combining the techniques of wavelength and temperature 
variaiion. This procedure is known as Emmons' double variation method.!® 

Nonprincipal Refractive Indices.— For strictly analytical purposes it is often more 
important to measure and publish a so-called prime or intermediate value of the 
refractive index rather than the principal index. This is true when the prime 
value is easier to obtain. Crystals of ascorbic acid usually lie on a face so that 
gamma prime, with a value of 1.694 ± 0.002 is exliibited, whereas gamma itself, 
1.746 ± 0.004, lies at an angle of 41* from Uie plane exhibited. 

Liquids for Measuring Refractive Index.— Lists of standard immersion liquids for 
refractive index determinations are given in textbooks of chemical microscopy and 
petrography.!! Directions for preparing sets of mixed liquids are given by Need- 

' Anal. Chera,. 20, 970, 1948. 

8 Staub. 41, 43&-467. 1955. 

9 Dodge. Am. Mineralogist, 33, 541-549, 1948; Cherkasov (transl. Mitten) International 
Geology Review. 2, 218-235, I960; Giabar et al.. The Microscope, in press, 1962. 

!* Emmons, Araer Mineral., 11 , 1I5, 1926; 13, 504, 1928; 14, 414, 441, 482, 1929. 

!iChamot and Mason. Handbook of Chemical Microscopy. Vol. I, 1958; Hartshome 
and Stuart, Crystals and the Polarizing Microscope, Arnold, London, 19G0; Johannsen, 
Manual of Petrographic Methods, McGraw-Hill Book Co., Inc., New York, 1918. 
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" Retache UquM^A Sm review" of mS'rtor 

SfretiwdtTe “Xt 

and Puifrich Refractometers, and the Wright Stage Refractometer, which is 

scribed here. . 

The Wriffht staee microrefractometer consists ot a pan 
mounted on a microscope slide, so that a small gap lies between them. The angle 
of the prisms is 60° and tlie surface of the lower one is ground, while that ot t 
upper one is polished. A drop of liquid is placed 
in the gap and a low-power objective is focused 
on the top of the cell. Using monochromatic light 
the back aperture of the objective is observed with 
the Bertrand lens in place. The field is divided 
into dark and light portions separated by a sharp 
dividing line — the position of this critical bound- 
ary depends on the index of the liquid and is 
measured with a filar eyepiece micrometer. The 
apparatus is calibrated with liquids of known 
refractive index (Fig. 17-11). 

Sign of Double Ref taction.— An isocvopic crystals 
resolve light into components vibrating in mutu- 
ally perpendicular planes. This property is 
known as double refraction or birefringence. 

An anisotropic crystal is described as being opti- 
cally positive (+) or negative (— ). For positive 
crystals, tlie epsilon refractive index is greater 
than the omega, or gamma minus beta is greater 
than beta minus alpha. For negative crystals, 
omega is greater than epsilon, or beta minus alpha is greater than 
beta. 

Extinction.— If a second polar, called an analyzer, is inserted into the light path 
above die objective and with its vibration direction perpendicular to that of the 
first, the field appears black, as do all isotropic materials. Anisotropic materials 
appear gray, white, or colored. On rotating the stage, they will disappear (be- 
come black) when their vibration directions parallel those of the two polars. The 
extinction positions may be parallel, symmetrical, or oblique with respect to the 
crystal edges (Fig. 17-12). 

Optic Axial Angle.— By removing the eyepiece, by using a Bertrand lens, or by 
examining the eyepoint above the eyepiece with a magnifying glass, the imao^e at 
the back aperture of the objective is observed. Each point in the field is^asso- 
ciated with a particular direction of propagation of the illuminating light- the 
center represents light traveling parallel to the axis, the edge corresponds to Heht 
at a maximum angle, with intermediate angles bettveen. ° 

field, I ir'S Microscope. Charles G Thomas, Publisher. Spring- 

Available bmn R. P. Cargill e Laboratories, New York. Indices from 1 itf; .p, <, i , • , 

temperature coefficient and dispersion noted on each bottle 

YorkfSr' Chemtoy. Vol. I. I„te„cie„ce Publish,,,. I„c., New 


Fin. 17-11. Wright Refractom- 
eter. Reproduced with permis- 
sion from Koltholf and Living, 
Treatise on Analytical Chemis- 
try, Part I, Intcrscience Publish- 
ers, Inc., New York. 
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Pcrollel Symmetrical Oblique 

lie. 17-12. Extinction in Anisotropic CrjsUls Repioduced with permission from Kol- 
tholf and Elving, Treatise on Aiuhticul Chemistiy, I'ait I, Intcrscience Publishers, Inc., 
New York. 

An anisotropic crystal observed by this method displays between crossed polars 
a pattern of polarization colors corresponding to the full cone of directions by 
which the crystal is illuminated. Superimposed on this pattern will be the pattern 
of extinction positions. The combination ot the two is the tnierjerence figure. 

For biaxial crystals, the acute angle between the tuo axes, designated 2V, can be 
estimated or calculated from the distance between the black brushes^® (Fig. 17-13). 

Variation of the size of the optic axial angle in a given interference figure is 
known as dispersion of the optic axes. It is usually visible in white light as ,a 
tinge of color at either edge of the dark brushes— the optic axial angle for the color 
of light on the convex side is greater tlian that for the color of light on tlie con* 
cave side. 

o 

a b c 

Tic. 17-13. Centeied Uniaxial (a) and Biaxial Intcrfeicncc I'iguies with Small 2 V (b) 
and Large 2 V (c). Reproduced with permission from Koltholf and Elving, Treatise on 
Analytical Chemistry, Part I. Inicrsciencc Publishers, Inc., New York. ' 

Pfeoc/irotiMi.— Some colored anisotropic substances selectively absorb light dif- 
ferently for different vibration directions, and are termed pleochroic. In polarized 
light but not crossed polars, they change color as the stage is rotated. 

C. CHEMICAL REACTIONS 

Where raiaochemical testing is required, a general or specific reagent can be 
added to a test drop containing the unknovvn. The reaction product can then be 
recognized by morphology and/or simple optical properties. 

Chamot and Mason have compiled a large number of precipitation reactions 
for the microscopic analysis of inoi^nic anions and cations. The tests aie espe- 
cially applicable to the analysis of complex mixtures. Descriptions and photo- 
micrographs of the reaction products are included, as well as detailed manipulative 

15 Chamot and Mason, Handbook of Chemical Microscopy, Vol. I, p. 304, 1958. 

18 Handbook of Chemical Microscopy. VoL II, John ^Viley and Sons, Inc., New York, 
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methods. A few examples of the reagents used to test for specific ions are listed 
in Table 17-3. 

Table 17-3. Precipitation Reagents Used bv Chamot and Mason to Detect 

Inorganic Ions 


Ion Reagents 

Sodium Uranyl acetate, zinc uranyl acetate 

Potassium Chloroplatinic acid, perchloric acid 

Ammonium Chloroplatinic acid, iodic acid 

Beryllium Chloroplatinic acid, potassium oxalate 

Calcium Ammonium carbonate, sulfuric acid 

Strontium Ammonium carbonate, iodic acid 

Barium Ammonium carbonate, potassium ferrocyanide 

Magnesium Ammonium hydroxide and phosphate 

2inc Oxalic acid, potassium mercuric thiocyanate 

Copper, lead Zinc, potassium, mercuric thiocyanate 

Mercury Potassium bichromate, lead 

Aluminum Ammonium bifluoride, cesium sulfate 

Tin Zinc, cesium chloride 

Arsenic Ammonium molybdate, cesium sulfate and 

potassium iodide 

Chromium Silver nitrate, lead acetate 

Uranium Thallous nitrate and ammonium carbonate 

Iron Potassium ferrocyanide, potassium thiocynate 

Fluoride Sodium fluosilicate 

Carbonate Silver nitrate, calcium acetate 

Nitrate Nitron sulfate (diphenylendianilodihydrolriazol) 

Cyanide Silver nitrate, ammonium sulfide and ferric 

chloride 

Chloride Silver nitrate, thallous nitrate 


Corresponding procedures have been applied to some organic systems using re- 
agents to form addition compounds. The sample and reagent are melted on a 
microscope slipe, adjacent to and touching each other. By this procedure picric 
acid forms deeply colored molecular addition compounds with most of the poly- 
nuclear aromatic hydrocarbons: hence very small samples containing a few per 
cent of either the hydrocarbon or picric acid can be characterized as such by melt- 
ing in contact with the otlier. 2,4,7-Trinitrofluorenone i' can also be used as a test 
reagent for many aromatic derivatives. 

Crozier and Seely is have developed a method for testing suspended dust samples 
for particular contaminants. The suspended dust is impinged onto a microscope 
slide coated n'ith a gelatin film containing a specific reagent in solution. To test 
for sodium chloride, the gelatin is impregnated with mercurous fluosilicate. After 
a short time, a number of white halos of mercurous chloride appear in the o^elatin 
eadt halo surrounding the original location of a single chloride particle'’ The 
thickness of the halo is a measure of the size of the original particle. Extremely 

17 Laskowski and \\k C. McCrone, Anal. Chem., 26. 1497 1954 

18 Anal. Chem., 24, 577, 1952. 
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in 1891 described many of these techniques including the contact method (mixeti 
fiisio 7 i) for tire determination of identity or lack of identity of wo comp ' 

^ The mixed fusion, a very useful technique, requires fusion of the components 
on opposite sides of the cover slip so that they mix in the center. The resulting 
zone of mixing shows, as a result, a complete and continuous composition giadien . 

The identification of fusible compounds by fusion methods is very rapicl, con- 
sumes only small quantities of material, and requires relatively little specialized 
trainin'^ or equipment. An unknown compound in a limited category (e.g., poly- 
iiitro compounds) can usually be identified in less than 5 minutes, if that com- 
pound has once been studied by fusion methods. There are so many character- 
istic properties that can be observed on crystals from the melt that one oi two 
easily recognized and typical properties (anomalous polarization colors, unique 
slu'inkage cracks or gas bubbles, crystal habit, transformation mechanism) can be 
remembered for each compound, hence a complete check of all properties is not 
usually necessary. 

In the United States this means of identification has been applied to relatively 
small groups of compounds: substituted aminoquinolines,^! sterols,-- high explo- 
sives,23.3^ hexachlorobenzenes,25 polynuclear aromatics,2« synthetic polymers,^^ alco- 
hols,28 and paper chemicals.^s 

The characteristics observed cannot be recorded in tabular fashion and only 
with difficulty in descriptive terms. 

The Koflers have approached the problems of tabulation as shown in Table 17-4. 

In the complete tables, which include about 1200 compounds, die primary tabu- 
lating diaracteristic is die melting point, or the best possible substitute, for those 
compounds which decompose or sublime before melting. Then, since most de- 
composable compounds are stable somewhat below die melting point, the Koflers 
have introduced the eutectic melting temperature with tivo standard compounds, 
giving three numerical constants characteristic of each compound. 

Determining the Melting Point.— Providing the test compound does not sublime 
or decompose first, continued heating causes the sample to melt, changing quickly 
to a liquid. The temperature at which the last crystals melt is taken as the melting- 
point (Fig. 17-15). 

The sample particles should be small and well separated, covering about 10% 
of the field with crystals smaller than 325 mesh (44 microns). A fraction of a milli- 
gram of sample on a half-slide can be simultaneously crushed and dispersed by 
pressing a cover slip against it with a rotary movement, using a pencil eraser. 
The cover glass must then be cleaned and replaced, as crystals adhering to the 
underside of it consistently melt UC. higher than those on the slide. 

To determine the equilibrium melting point, the hot stage (or cold stage) is 
heated and cooled very slowly over a narrow temperature range. The preparation, 

31 Goetz-Luthy, J. Chem. Education, 26, 159, 1949. 

32 Gilpin, Anal. Chem., 23, 365, 1951. 

of High E,iplosi™s 

21 iMcCrone, W’. C., Micvocheniical Journal, III 479 1959 

25 Arceneaux, Anal. Chem., 23, 906, 1951. 

2oLaskowski, Grabar, and McCrone, IV. C., Anal. Chem 14nn icisa. t i 
McCrone, IV. C.. ibid., 26, 1497, 1954, and 30, 542, 1958 '* " and 

tl and Haessly, Anal. Chem., 28, 1586, 1956. 

-5 Laskowski and Adams, Anal. Chem., 31, 148 1959 

20 Gdpin, TAPPI, 43, 423, 1960. 
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Table 17-4. Excerpt from Kofler’s Tables for the Identification of 
Organic Compounds 


1 

Melting 

Point, 

®C. 

1 

£ute<Ajc 
Temp. «ith 

1 

Temp., 

“C. 


Substance 

Mne ^ 

Ben- 

zU 

Pov,der 

Miscellaneous Characteristics 

95 

Carbon tetrabromide 

54 

40 

t.5898 

111-113 

Subtlroes strongly above 30'’C. to 
give plates and rosettes having 
scalloped edges, above 46®C. gives 
isotropic honeycomb. 

95 

3-Melhyl indole 
(Skatole) 

1 

44 

15700 

1.5611 

100 

121 

Odor, sublimes above 50®C. Gives 
thin rounded plates. 

95 

^.d-DichlororesorcinoI 

SO 

46 

1.5700 

95-97 

Usually colored brown, above SS®C. 
sublimes giving needles; long nee- 
dles from the melt. 

96 

Methyl ^nitro- 
benzoale 

' SI 

65 

1.5101 

1.5000 

111-112 

130 

Yellow, sublimes above 70*C. to 
give rhombs. 


a small sized droplet (preterably about 1 mm. or less in diameter), under the cover 
glass, is allowed to crystallize and then placed in a hot stage already heated to a 
point just below the melting point. The stage is then heated at a rate ol about 
l^C. per minute until the crystals are partly melted, tlien allowed to cool until 
crystallization just begins. Heating is recommenced at the instant, or just before, 
the crystals begin to grow, and is stopped as, or just before, they begin to melt. 
The equilibrium melting point is given as the midpoint of die range between which 
growth and melting occur. These two temperatures usually lie about 0.2* to 0.3®C. 
apart. One word of caution, however: the melting point so accurately determined 
by this means is characteristic of the percentage of the sample actually melted and 
may vary many degrees depending on the extent of melting if the compound is 
impure. 

Eutectic Melting Temperature.— The eutectic melting temperature is ordinarily 
observed on a mixed fusion preparation (Fig. 17-16) with die second components 
chosen from the following list, depending on die melting point of die test com- 
pound. 

For Melting Points 


in °C. Between Standard Second Component 

20-100 Azobenzene, benzil 

100-120 Benzil, acetanilide 

120-140 Acetanilide, phenacetin 

140-170 Phenacetin, benzanilide 

170-190 Benzanilide, salophen 

190-240 Salophen, dicyandiamide 

240-340 Phenolphthalein 


The eutectic in the zone of mixing will, of course, always melt at a temperature 
lower tliaii that of either component. 



THE ANALYTICAL USE OF THE MICROSCOPE 343 



: V ■--'•■'a '■ 


;<! 


>» 'J. 


f ,vV' / 


• ■ . I-* V- ■- 
' j* t ‘*X\ 


* V 

# . 

; • 


4 


Us * 


* ‘ ‘ ~ J 

■^t:\ 

; B .*■> . 

‘ iif- t5f-> 

I ->• ‘5 ^ 


(S> 

a.J 

o 




0| 

* ® *•! 


e : 


C) 


'T - << 

Q 

' 




68.2°C. 


. ...iH.'.l;.... 



344 THE ANALYTICAL USE OF THE MICROSCOPE 

Refractive Index of the MelL—\n order to make identification even more ceruin, 
the Koflers have deteloped a technique for measuring the refutclive index of the 
melt by using glass powder standards covering tlic range 1.43 to 1.69 in increments 
of about 0.01. The refractive index is determined by observing the temperature 
at v\hich the glass povvder standard has Ute same index as the melt. This tempera- 
ture is, of course, quite unique, although the compound must be very pure. Occa- 
sionally, when the compound decomposes, it is possible to bracket the refractive 
index betvveen two of the glass powder standards. For example, die melt of phenyl- 
thiourea has a refractive index at the melting point between 1.6231 and 1.6353. 



d e f 


lio. 17-16. Operations Involved in a Mixed Fusion: (a, b) ilte high melting compound, 
A, is fused under a cover glass and allowed to resolidify; (c) tlte low-melting component, B, 
IS placed at the edge of the cover glass and (d) heated so that it melts and runs under 
the cover glass; (e) the prep is reheated until ail of U and most of A aie melted; (0 
the prep cools, the crystal fronts of A and D grow towards the zone of mixing. Repro- 
duced with permission from Fusion Methods of Chemical Microscopy, Interscience Pub- 
lishers. Inc., Nevtf York, 1957. 

Miscellaneous identifying diaracteristics are also listed, c.g., sublimation tempera- 
ture, polymorphic transformations, form, and habit of the sublimed crystals of 
crystals from tlve melt, color, odor, etc.’® 

Mixed Fusion.— A mixed fusion gives a rapid and dependable means of deter- 
mining whether two given samples are the same compound. The known and un- 
known are made the two components in a mixed fusion, and the crystal front of 
the higher melting component is observed as it grows toward the zone of mixing. 
If the two are identical, the crystal front will continue to grow^ through the zone 
of mixing with no discontinuity in rate of growth or form of the crystals. A differ- 
ence in purity may cause a change in the rate of growth and, perhaps, crystal size, 
as the crystal front progresses through the zone of mixing. If tlie two components 
are different there will always be a discontinuity in tlie rate of crystal growth, and 
the type of crystals will usually change radically in the zone of mixing. 


III. TECHNIQUES OF PREPARATION AND PURIFICATION 

Surfacmg and Sectioning.— Soft materials can usually be surfaced (for examina- 
tion in reflected light) or sectioned (for transmitted light) by cutting with a sharp 

3® The data have been retabulatcd into a moie useful analytical form, included in 
McCrone, ^V. C., Fusion Methods in Chemical Microscopy, Intersdeiice Publishers, Inc., 
New York, 1957. 
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knife or razor. The specimen should not be deformed or compressed during 
cutting; a microtome allows more accurate control of the operation. Friable ma- 
terials may be first embedded in paraffin or collodion. 

Hard materials sucli as metals, minerals, and ceramics can be surfaced or sec- 
tioned by abrasion with progressively finer abrasive materials. 

These mediods are used by petrologists in the study of rocks and minerals, and 
are described in detail in textbooks of practical petrology. 

Staining Methods.-Tht visibility of specimens can be increased by the appli- 
cation of stains. Most of these are organic dyestuffs, which are selectively absorbed 
by the different materials in the sample, or which act like chemical reagents, re- 
vealing cliemical differences between portions of the specimen. 

The most common is Herzberg’s stain, an aqueous solution of zinc chloride, 
potassium iodide, and iodine, which selectively colors fibers having different origins 
or treatments, and Gram’s stain (of which there are modifications) for differentiating 
between types of bacteria, in which alcoholic crystal violet (or gentian violet) stain 
is fixed to bacteria with iodine solution. Some bacteria can be subsequently de- 
colorized with alcohol. 

The etcliing reagents used on metallic specimens also allow a differentiation of 
constituents and interpretation of structure. The etchant may be a selective sol- 
vent, it may oxidize certain constituents, may deposit colored material, attack the 
boundaries of crystal grains, or develop microscopic etch pits on them. 

Mounting in a Medium of Proper Refractive /nde.v.— Substances with different 
refractive indices can be differentiated by choosing a mounting medium of the 
same or nearly the same refractive index as one of the components, and markedly 
different from the other, so that the first will be invisible while the other shows 
strong relief. 

For example, refractive index and/or birefringence are useful in determinations 
of HMX in preparations of the high explosive RDX. The sample is mounted in 
a liquid having a refractive index of about 1.590 (Fig. 17-17). Since all tliree re- 
fractive indices of RDX are close to 1.590, it shows very low contrast in ordinary 
white light, while HMX, with one index near 1.590 and two much higher indices, 
shows strong contrast (enhanced in certain positions with one polar). 

Mechanical Separation.— The most direct and best method of separation would 
be to pick out the desired component with a clean needle, under the microscope. 
Other physical means such as magnetic separation or flotation could also be em- 
ployed, as described by Chamot and Mason.^r 

Solvent Extraction.— Finely divided particles may require solvent extraction for 
separation. The apparatus illustrated has been found very satisfactory (Fig. 17-18). 
The drawn-out tip of a medicine dropper containing the sample is supported in a 
closed vial containing a drop of solvent (to saturate the space with solvent vapor). 
The solvent is added dropwise, at intervals of several minutes. Extraction is com- 
plete when a freshly extracted micro drop is allowed to evaporate on a clean micro- 
scope slide, and leaves no residue. 

The following solvents, in the order listed, have been found most useful- water 
edier or benzene, 5% sodium hydroxide, 5% hydrochloric acid, dimethylformamide’ 
and nitromethane. ’ 

The sample is recovered by slowly evaporating tire extracted solution 
Handbook of Chemical Microscopy, Vol. I, p, 141 , 1958 . 


to dryness. 
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Fic. 17*17. Crystals of RDX (Low Coniiast) and HMX (High Contrast) Mounted in a 
Liquid of Refraciixe Index 1.590. Reproduced uith permission from Fusion Methods of 
Chemical Microscop), Iiucrsriencc Publishers. Inc., New York, 1957. 


C/ironiflfogrophy.— Chromatographic separations of micro quantities can be car- 
ried out in a column such as the one described for sohent extraction. Standaid 
adsorbents such as silica gel, alumina, cliarcoai, etc, can be used witlt any ol the 
common solvents. althougJi those of intermediate polarity, 
such as acetone, ethanol, or water, usually function best. 
The lower end of ilie column is plugged with glass wool. 
The .adsorbent, in paste fonn with the sohent to be used, 
is drawn into the column by suction and the solution to 
be chromatographed is poured in at the top. The issuing 
solution can be allowed to drop onto a slide beneath it, 
the slide being on a hot bar at a temperature slightly below 
the sohent’s boiling point. A metal block with an open- 
ing in the center placed under the slide prevents the solu- 
tion from spreading. 

Paper chromatography is recommended for samples in 
the range of 10~® to 10 ~i 2 g. The sample is placed on a 
small strip of filter paper (V4xl% in.), previously washed 
chromatographically wiUi carefully purified solvent. The 
paper is wetted with sohent, placed between two glass 
slides, and suspended over a surface of pure sohent (Fig. 
17-19). The solvent passes up along tlie paper and evap- 
orates from the upper tip. For solvents boiling in the range of 60” to 100”C., about 
30 minutes will be required; proportionately longer times are required for higher 
boiling solvents. 


■ Solvent 
~ Sample 


Fig. 17-18. Simple Ap- 
paratus for Sohent 
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The paper is allowed to dry completely by removing one of the glass slides. 
When dry and separated, tire slides should be carefully examined, because a minute 
dried deposit of crystals may betray the position of at least one of tire sepaiatecl 
components. A narrow strip lengthwise of the paper can be cut off and tested 
with a reagent. A strip about 1 mm. 



-Sample 

Solvent 


Fig. 17-19. Paper Chroniatograpliy Between 
Two Microscope Slides. 


wide from the middle of the paper is 
best, since most of the sample is con- 
tained along the vertical edges of the 
paper strip. 

Finally the paper strip is separated 
along the obvious demarcation lines 
or along Yi in. lengths and extracted 
individually with solvent. 

Dhtiliation.— Distillation can be car- 
ried out on several microliters of 
liquid in the bottom of a glass tube 
of 20 to 30 mm. length and 2 to 3 ram. 
inside diameter. On heating, a ring of distillate creeps up the tube wall; heating 
is stopped when it reaches nearly to the top. The tube is then laid horizontally 
on a cold surface so that the distillate collects in a small droplet, tvhich is picked 
up with a glass capillary. Comparison of the refractive indices (by the glass powder 
metliod) of the original sample and the first distillate fraction will indicate whether 
or not the original sample is pure or a mixture. 

Fiitrfltio/J.— Filtration of microscopic particles can be carried out with slide and 
^ cover slip. The sample is placed at the edge of the cover slip and the liquid flows 
under leaving the particles at the edge. The particles may be tvashed with suc- 
cessive mia'o drops of solvent. The “filtrate” may be removed by touching with a 
filter paper. In the same way a fusible component can be separated from a mixture 
by heating it at the edge of a cover slip until one component melts and flows under 
the cover slip. 

A very fine capillary, 10 to 20 microns inside diameter, can be used to filter very 
small drops if the suspended particles are not too fine. Small samples can also be 
filtered by placing the drop (or melting the fusible portion of tlie sample) on a 
small square of hardened filter paper. The residue can then be removed mechani- 
cally and the filtrate can be extracted from the paper with a solvent. 

Crystallization from Solution by Evaporation.— The compound, usually inorganic, 
to be crystallized is stirred into a drop of solvent, usually tvater, on a slide. Warm- 
ing tire slide will of course hasten solution but must not be overdone to the point 
of hastening evaporation. Enough of the compound is added to saturate the solu- 
tion. Upon evaporation at room temperature, crystals begin to form at the ed^es 
of the drop. These tend to be malformed and should be pushed to the center 
with the fine tip of a glass rod. When it is completely saturated, well-formed crys- 
tals will begin to grow throughout the drop (Fig. 17-20). ^ 

The crystals can be manually separated from the solution by pushing them out 
of the drop with a fine glass rod, or by draining off the liquid with' a piece of 
hardened filter paper. ^ 

Cp^stallizahqyi. from Solution by Coolmg.-0%anic compounds may be recrystal- 
-,ed from a drpp on a microscope slide if high boiling and high surface tension 
solvents are used. The drop must be saturated at room temperature but with 
sufficient excess solute so that the drop may be heated to abouf 35“C to dissolve 
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'Sample 


Capillary 
enlarged 
4 times 


Fig. 17-22. Appearance of Capillary After Several Sublimations. 

Thermal Diffusio 7 i.-A slide containing a layer of melt 1 mni. x 5 mi- 

crons with a cover glass about 1 x5 mm. is placed over the light well of the ho 
sta<Je. An equilibrium melting point is taken with 50% of the sample melted. Any 
change in melting point indicates the presence of a mixture: an increase shows the 
impurity is migrating toward the hotter end of the sample; a decrease denotes 
migration to the cooler region, directly over the light well. When the melting point 
ceases to change, die preparation is cooled and allowed to crystallize, preventing 
remixing. The desired component is removed mechanically with a needle, and the 
process can be repeated. When the equilibrium melting range from 10 to 90% 
melted is less dian O-S^C., the sample is reasonably pure. 

Absorption Purification.-L. Kofler has devised a purification technique based 
on the fact that, on heating, any mixture will melt partly to a litjuid containing 
all the impurities, and one solid component in excess. This solid component can 
be isolated if the eutectic melts are soaked into a porous medium, such as filter 
paper. 

In practice, not more than 100 mg. of sample are placed on a square centimeter 
of hardened filter paper on a half-slide, ancl covered with a second half-slide ar- 
ranged crosswise to die first. The “sandwich” is placed on a hot bar and slowly 
moved toward higher temperatures until the sample just begins to melt, as indi- 
cated by a wet spot on the filter paper surrounding the solid sample. Movement 
of the slide is stopped, the upper halt-slide is pressed to squeeze the eutectic melt 
into the filter paper, and the upper half-slide with the adhering solid sample is re- 
moved. Repeating the procedure a few times at successively slightly higher tem- 
peratures leaves solid crystals pure enough for melting-point determinations, re- 
fractive index of the melt, etc. 

Filter paper may be used for mixtures heated as high as 300°C. if not held too 
long at diat temperature. Clay plates have been used at temperatures in this 
range and higher. 

The technique can be modified by melting the sample in a carefully heated hot 
stage, using a cover slip for the upper half-slide. 

A second modification of this technique requires that the sample be mounted on 
the end of a very fine capillary (less than 20 microns inside diameter). On heat- 
ing, the eutectic melt will be drawn into the capillary first, leaving the partly puri- 
fied crystals of the highest melting component atop the capillary. By carry! im out 
procedure over a period of a tew miuu.es, the entire sample can be drawn into 

moled''n,,i2';. n“u'’°"a°" “ “PiUary should be 

cooled qmcUy and allowed to crystall.re to avoid further diffttsiom The end con- 

and'Ttud ed off ”"'1 compounds removed 


dds„rp.io,..S..i,K,„n,i<,„._One of the most useful devices for purification of 
tures has been suggested by W. Kofler,^* based ^ ncation ot 


mix- 


33 

34 : 


on gas-phase chromatography. 


Kofler, L., and Wannenmacher, Ber. Deut. Chem Ges 1!1 q« lom 

Monatsh. Chem., 80, 694, 1949. 
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addmonal solute. On slow spontaneous cooling well-formed crsstals should slowly 
grow although seeding by scratching with the glass tip may be tiecessary. 

CrysInHtzohon by SuWtmodoii.-Volatile organic compounds can be recrystallized 
(or separated from a mixture) by sublimation, if care is taken to avoid decomposi- 
tion Unstable polymorphs may be obtained in this manner, especially when a 
cold condensing surface is used. 

A sltde containing the compound is heated with a niicroburner or hot plate, ami 
the sublimate is allowed to collect on another slide or on a cover slip directly above. 
Heatnig ts slopped when a sublimate appears, and it can then be studied for 
cnaracterjsiic crystal angles and other morphological features. 

For extremely \oldtiIe substances, the receiving 
^ ihde may hasc to be cooled by dropping cold water 
^ with a micropipet, or by using a cliilled block. 

P a'oid loss of material, sublimation can be car- 

^ closed system. Even in a sealed glass 
capillary, substances with low vapor pressure can be 
sublimed under reduced pressure.'** 

For very small samples, sublimation can be car- 
*’'cd out in a capillary tube by scaling die sample 
in one end. preferably under vacuum, and heating 
Fic. 17-21. Heating Block for capillary in a metal block so that the sample 

Sublimation in a Capillary. becomes heated while the upper portion of the 
,,, , capillary remains cool. A small vertical opening 

( G in. lameter) tlirougli the block permits observ'ation of the sample during the 
heating operation (Fig. 17-21), 

It is often a good idea to rcsublime a given component several times starting 
wit i an evacuated capillary about 30 mm. long and sealing off the residue each time, 
ine capillary may be inverted between sublimations until the final capillary has 
me appearance shown in Fig. 17-22. 

32 Hartshonic .mil Stuart. Crystals and the Polarizing Microscope, p. 238, I960. 
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Capillary 

enlarged 


Fig. 17-22. Appearance of Capillary After Several Sublimations. 


Thermal Diffmion.-A slide containing a layer of melt 1 nmi. x 5 "m.. - 
crons rvitli a cover glass about 1 x5 mm. is placed oyer the light well ^ ° 

sutoe An equilibrium melting point is taken with 50% of the sample melted. Any 
change in melting point indicates the presence of a mixture: an increase shows the 
impurity is migrating toward the hotter end of the sample; a decrease denotes 
miration to the cooler region, directly over the light well. When the melting point 
cea'ses to change, the preparation is cooled and allowed to crystallize, preventing 
remixing. The desired component is removed mechanically with a needle, and the 
process can be repeated. When the equilibrium melting range from 10 to 90% 
melted is less tlian 0.5°C., the sample is reasonably pure. 

AbsoTption Purification.— L., Koflei' has devised a purification technique based 
on the fact that, on heating, any mixture will melt partly to a liquid containing 
all the impurities, and one solid component in excess. This solid component can 
be isolated if the eutectic melts are soaked into a porous medium, such as filter 


paper. 

In practice, not more than 100 mg. of sample are placed on a square centimeter 
of hardened filter paper on a half-slide, and covered with a second half-slide ar- 
ranged crosswise to the first. The “sandwich” is placed on a hot bar and slowly 
moved toward higher temperatures until the sample just begins to melt, as indi- 
cated by a wet spot on the filter paper surrounding the solid sample. Movement 
of the slide is stopped, the upper half-slide is pressed to squeeze the eutectic melt 
into the filter paper, and the upper half-slide with the adhering solid sample is re- 
moved. Repeating the procedure a few times at successively slightly higher tem- 
peratures leaves solid crystals pure enough for melting-point determinations, re- 
fractive index of the melt, etc. 

Filter paper may be used for mixtures heated as high as 300°C. if not held too 
long at that temperature. Clay plates have been used at temperatures in this 
range and higher. 

The technique can be modified by melting the sample in a carefully heated hot 
stage, using a cover slip for the upper half-slide. 

A second modification of this technique requires that the sample be mounted on 
the end of a very fine capillary (less than 20 microns inside diameter). On heat- 
ing, the eutectic melt will be drawn into the capillary first, leaving the partly puri- 
fied crystals of the highest melting component atop the capillary. By caiTyiim out 
the procedure over a period of a few minutes, the entire sample can be drawls in to 
the capillary, the last portion to enter being quite pure. The capillary should be 
cooled quickly and allowed to crystallize to avoid further diffusion The end con- 

IndMdw''”” ““P"'"'' “I* ‘IX! compounds removed 


“““ purification of mix- 

tore, ha, been suggested by W. Kofler,.* based on gas-phase chromatography. 
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measurement. With the scale superimposed on the specimen image, measurements 
can be made by direct observation, photography, or projection. 

Wliere the particles are not of a uniform size, the count is tallied with respect to 
a size range, 6 to 12 size classes being represented. The details of this analysis and 
the calculations can be found in Volume I of Chamot and Mason. 

A counting analysis can be applied to mixtures of substances with varying par- 
ticle sizes by measuring the average diameter of each before counting. The results 
are then expressed as weight percentages according to the formula: 

Weight % = n V ^ 

where D = density of the components, Aot B 

d = average diameter of the particles with respect to weight 
n = number of particles 

This metliod is often applied to die analysis of fiber mixtures and is then termed a 
"dot count" because the tally of fibers is kept as the preparation is moved past a 
point or "dot” in the eyepiece. 

Counting all of one constituent in a measured amount of sample is feasible 
in specialized situations, suclt as bacterial counts. Counting cells facilitate measuf" 
ing the correct sample size and arc often ruled to allow systematic viewing of the 
entire sample. 

Reference Substances.— A definite amount of a reference substance, containing 
a known number of particles per gram, can be added to a given weight of powdered 
sample, and mixed in suspension for counting. Panicles of both are then counted, 
tJie count of Uie reference particles being a measure of the actual weight of sample 
being counted. Lycopodium can be used as reference for potato and rice starch 
mixtures, and blood corpuscles for bacteria in milk. 

Young and Roberts suggest the automatic counting and sizing of particles at 
the rate of a miliion per second, using flying spot microscopy, in tliis process the 
minified image of a scanning beam, transmitted in a reverse direction througli the 
microscope condenser, converts any attenuation or interruption of the light energy 
into a proportional amount of electrical energy, which is in turn fed to counting 
circuits for data presentation. 

The relative amounts of particulates can also be accurately measured by casting 
the mixture in plastic, cutting or poli^iing to give a plane section, and applying the 
method of areal analysis descrilKd below. 

Areal Analysis,— All) sample viewed as a section, and in which the components 
can be differentiated, may be quantitatively analyzed by areal analysis. Used 
principally in metallography, where polished sections of alloys show relative areas 
of different phases proportional to their volume ratios, this method is also useful, 
in special cases, for fusion preparations. It is limited, however, to samples contain- 
ing components wholly insoluble in each other, e.g., high explosives systems such 
as Amatol (TNT and ammonium nitrate), or RDX and wax (fig. 17*25). 

The analysis itself can be carried out in a variety of ways which will give the 
relative areas of the components. A drawing camera often is used to draw several 
representative fields onto crossliatched paper, after which the number of squares 
representing each component is counted. Photomicrographs of several fields can 
be taken: the components are then cut apart with scissors or a razor blade, sorted, 

36 Nature, 167, 231, 1951. 
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Fic. 17-25. Thin Crystalline Film of Amatol Suitable for Areal Analysis. Reproduced 
with permission from Fusion Methods of Chemical Microscopy, Interscience Publishers, 

Inc., New York, 1957. 


and weighed separately. The percentage composition by weight can be calculated 
from volume percentage using the known densities. 

Physical Properties in Isomorphoiis Solid Solutions.— \^hen two compounds form 
a continuous series of isomorphous solid solutions the crystal properties (optical, 
morphological, and X-ray) vary continuously from the properties of one to the 
properties of the other, depending only on composition. The variation in optic 
axial angle of a mixed crystal has been applied to tire quantitative analysis of the 
p-bromoanilides of acetic and propionic acids, and the 2,4-dinitrophenylhydrazones 
of acetaldehyde and propionaldehyde.^a.s'f 

Crystal Habit Change.— The crystal habit of a compound grown from the melt 
is reproducibly affected by impurities. This can serve as the basis for analysis in a 
binary system such as adipic acid containing up to 2% succinic acid.^s Habit varia- 
tions attributable to temperature are eliminated by careful control (Fig. 17-26). 

Crystallization Velocity Change.— The rate of crystallization is dependent on the 
composition, the temperature, and the experimental conditions (capillary, glass tube, 
microscope slide). Keeping the latter two constant permits the determination of the 
composition by measuring the crystallization velocity, as has been successfully ac- 
complished for p,p'-BDT in technical DDT.sf The principal component, pyp'- 
DDT, is usually present to the extent of 70 to 807o, the remainder consisting of a 
complex mi.xture of isomers and by-products. 

Freezing-Point Depression. -In a binary system the depression of freezing point 
can be used as a precise measure of composition. Bryant ar has used this method 

38 Bryant, J. .-yni. Chem. Soc., 60, 1394, 1938. 

sr Ibid., 55, 3201, 1933. 

38 Mitchell, Anal. Chem., 21, 448, 1949. 

38 McCione, Wh C., Smedal, and Gilpin; Anal. Chem., 18, 578, 1946. 
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ecSc formation. Unfortunately, each system must be calibrated 
molar depression of freezing points varies, at the avorst, about tenfold. A depres 
Sion of 0.5°C. for every weight per cent is usually used for very rough approxima- 
tions of composition. 



Fig. 17-27. Melting Point as a Function of Composition in a System' Showing Solid Solu- 
tion; Acet- and Propion-p-llvoinanilides. (Courtesy of W. M. D. Bryant.) Reproduced 
with permission from Fusion Methods of Chemical Microscopy, Interscience Publishers, 

Inc., New York, 1957. 


Refractive Index of the Binary mixtures can be analyzed by measuring 

the refractive index of the melt.'“> 

A standard cuiwe is prepared for each system, in which the temperature, at which 
the refractive index of the melt and a glass standard are identical, is plotted against 
composition for the pair of compounds. Where one glass powder covers die de- 
sired range, it is necessary only to draw a straight line between the temperature 
for the two pure components, plus at least one other value to be certain the relation- 
ship is linear. 

Arceneaux-ii has applied this technique to the analysis of binary mixtures of 
pentachlorobenzene and 1,2,3,4-tetrachlorobenzene (Fig. 17-28). Brandstatter •*- 
has applied the method to the analysis of 2.4-dinitrophenylhydrazones, Fischer and 
Kocher^s analyzed mixtures of vanillin and ethyl vanillin. 

The method is quite general, though limited to systems in -which die difference 
in melting points is not too great. The melts must be miscible and decomposition 
must be absent, or at least restricted.- 


10 Lindpaintner, Arch. Pharm., 277, 398, 1939. Reimers, Dansk. Tidsskr. Farm 14 91 q 
1940; Z. Anal. Chem., 122, 404, 1941. Dultz, Suddtsch, Deut. Apoth Zte 81 vvv ’iqii*' ’ 
41 Anal. Chem., 23, 906, 1951. ^ 

4-1 Z. physik. Chem., 191, 227, 1942. 

43 Mikrochemie ver. Mikrochim. Acta, 33, 131, 1946. 
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Fig. 17-28. Refraciue Index Loinposiiion Kebtionslup for Melts of 1,2,2, 4-Teirachloio- 
beiizene and Pentacliloiobenzenc uiili Class Fouder 1.5795. (Courtesy of Claude j. 
Arceneaiix.) Repiodiiced with pciiiiissiou fium Fiisioii Methods of Chemical Microscop), 
Inlcrstiemc Fublishcrs. Inc., New Vor>', 1957. 
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INTRODUCTION 


SCOPE 

Quantitative microchemical analysis is a division of microchemistry. Micro- 
cliemistry may be defined as the branch of chemical science that deals with the 
principles and methods for using the minimum quantity of working material to 
obtain die desired chemical information. The term ‘‘micro scale" has often been 
employed to indicate loosely that a small sample is used in a certain procedure 
of chemical experimentation. Since microchemistry is an extending and not a 
confined field, however, die sample size required will be reduced as new methods, 
techniques, and apparatus become available. It is more meaningful, therefore, 
to specify the method by the quantity of sample used. The microprocedures dis- 
cussed in the present chapter require sample sizes as follows: (a) for microdetermi- 
nation of the elements or molecular weight, 1 to 10 mg.; (b) for microdetermination 
of organic functional groups, 0.1 milU-equivalent.^ 

Two points should be noted when reading this chapter: first, some cjuantitative 
micromethods using smaller amounts of material have been published, albeit such 
procedures are still in the developmental stage; secondly, ever since the pioneer 
works of Emich and Pregl,^ a large variety of microchemical apparatus have become 
commercially available. It is beyond the scope of this chapter to review the vast 
volume of material. The writer intends only to present simple apparatus and 
techniques, so that the novice can practice them without difficulty, and to discuss 
recent advances in the field. 


iMa, T. S., Proceedings of the International Symposium on Microchemistrv 1058 
Pergamon Press, London. 1959, 151. ^ ’ 

2 Emich, F., Lehrbuch der Microchemie, 2nd Ed., Bergmann, Munchen, 19‘J6- see 

Cheronis, N. D., Microchem. J., 5, 423, I960: Pregl, F., Quantitative Organic Microanalvsis 
Fyleman, E., trans., Churchill. London, 1924. “ aricroanaqsis. 
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THE MICROCHEMICAL BALANCE « 

Types of Microbalances.-MicrohaUnces suitable for quantitative analysis on the 
milligram scale do not differ in construction from that of the ordinary quantitative 

balance. The only requirement is 
that tlie balance should have a sen- 
sitivity of about 2 fig. (microgram) 
and be able to hold the load of 20 g. 
on each pan. The simple and 
rugged short-beamed Kuhlraann mi- 
crobalancc, which was tlie standard 
weighing device in the microchemical 
laboratory for several decades, went 
out of the market after World War 
n. In its place are several models 
having single-pan or double-pan ar- 
rangement (examples of each are 
shown in Fig. 18-1 and Fig. 18-2 
respectively). 

An excellent monograph on micro- 
balances and microweighing has been 
■prepared by Bencdetti-Pichler.* Like 
the ordinary balance, the micro* 
balance should be placed on a bench 
that is free from vibration. Air cur- 
rent around and tlirough the micro- 
balance should be avoided. Tem- 
perature change in the microbalance 
room should be minimized, and un- 
even lieatlng of the different sides of 
the balance should be picveiucd. The lulcs for use and care of the analytical 
balance are also applicable to the iiiicrobalance. Needless to say, chemicals and 
hot objects should never be placed directly on the balance pan, and the balance 
beam should be set into motion sinooilily without jerking. 

It is recommended to use the milligram (mg.), instead of the gram, as unit of 
measure for quantitative microanalysis, and record each weight to the microgram 
(Mg). In the case of single-pan microbalance, the total weight of the object is indi- 
cated on the front panel. The number of milligrams and tenths of milligram are 
read on the left vertical scale: the marks of hundredths of milligram are read on 
the right scale, while the number of micrograms is estimated between two lines. 

In live case of the double-pan microbalancc, the number of hundredths of milli- 
gram and micrograms is slvown on the pointer scale, the last figure being estimated. 
The pointer scale on some models has 10 lines on both sides of the center mark; 
on Oliver models, 20 lines. It is advisable, however, to designate these 10 or 20 lines, 
respectively, as 100 pointer-scale units, so as to avoid the use of the decimal point 
in recording the pointer scale readings. Thus, when the microbalance is in perfect 
condition, moving the rider one notch (i.e., 0.1 mg.) vvll cause the pointer to show 

3 In the opinion of the writer, the microbalancc should be called milligram-balance; 
the semiraicro-balance, centigram-balance the ordinary quantitative (analytical) balance, 
decigram-balance; the uhramicio-balance, micrc^nim-balance. 

* Benedetti-Pichler, A. A., Waagen und Wagung. in Hecht, F., and Zacherl, M. K., eds, 
Handbuch cler Mikrocheniischen Methoden, »oI. 1, part 2, Springer, Wien, 1959. 
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a displacement of 100 pointer-scale units. Hence each pointer-scale unit is equiv- 
alent to one ixg., the lotver limit of the microbalance. 

As a rule, the manufacturer guarantees the new microbalance to have a sensi- 
tivity of 100, which means the displacement of exactly 100 scale units per 0.1 mg. 
change of weight ^on the pan. The sensitivity of a microbalance usually drops after 



Fic. ia-2. Do„hle.Pa„ Micobalance. (Courtesy William Ainsworth S: Sons, Inc.) 


the sensitivity is proven to beTlfta ^07 When 

to correct for the displacement in mrrns of prepared 

the sensitivity drops Mow 80 it is advi.sahle T‘"’‘ “'“dgrams. When 

tite center of gravity of U,e SaYalancr TwLS t 

“ WeWtL" rSm-‘’° “ "'ierobalance.'^' 

s;ngIe.pa„licroba,r:oTu“dSeltr™^^^^^ “*"7' ‘he 

identxcal to that for the correspondingTodXj the ' ^ device is 

After the object to be weighed^ has bfen carefulL balance, 

balance window is closed. The control knob is I ™icro- 

or pans and beam smoothly. The weights, down to' tl " enls Vll^gram, 




360 QUANTITATIVE MICROCHEMICAL ANALYSIS 

adjusted in the conventional manner, the baLmce being arrested each time when 
tile weights ate altered. Finally the balance is arrested for 20 sec. and then re- 
leased to obtain the last two figures. This last step is repeated to make a check 
reading. 

Double-pan microbalances, wWiom the damping device, are preferably operated 
by means of the "swing-pair” teclinique to obtain the last two figures as follows. 
The weight is first adjusted to the nearest tenths of milligram by moving the rider. 
Theu the balance is set iu motion smootlily. Readings are taken beginnmg with the 
second swing to the right. Three or four pairs of successive inflection points of the 
pointer are recorded. The algebraic sum of each pair gives the "rest point” in 
pointer-scale units. An example is shown below. 


Lf/l Suino 

Right ^'ing 

Rest Point 

-02 

-f3l 

+29 

-01 

+30 

+29 

00 

+29 

+29 

-fOl 

+29 

+30 


If the successive swing-pairs are erratic, improper technitjuc or unstable condition of 
the microbalance during the operation is indicated, and the weighting should be 
repeated. The last two figures, hundredths of milligram and micrograms respec- 
tively, are obtained from the rest point and sensitivity of the microbalance. 

Tares and Fracliotial ireig/its.— When the double-pan nilcrobalance is employed, 
it is customary to prepare a suitable tare for each container used for holding the 



Fir.. 18 .‘5. (a) Tare ^Virc; (b) T.iie M.isk. Fic. 18-4. Tare Tube. 


analytical sample or the product. This eliminates the tedium of handling many 
pieces of weights and the unthmctjc involved. Tares for containers vveighing be- 
tween 0.5 g. and 2 g. are conveniently made by bending copper wire into a tri- 
angular shape as shown in Fig. ]8-3(a). A container that is heavier than 2 g- may 
be tared by means of the tare flask (Fig. l8-3(b)) or the tare tube (Fig. 18-4). The 
weight of the former is regulated by introducing lead shots, while that of die latter 
by inserting a metal wire. It is advisable to adjust the weigiit of the tare to about 




Fic. 18-5. Fractional Weights 


rtc. 18-6. Ivory Forceps for 
Handling Weights and Tares. 
(Cotiriesy A. H. TJujnms Co) 
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1 „.g. lighter than Aat 

'Ahe spM lorn, of [ractionnl weights (Fig. 18-5) ''“““““f f 

• 'll tcic The set of fractional weights ranges front 10 nij^. to 50 o > 
'~£i.™m\:r advisab,e“.o t.se iL, foiceps with a Hat round d.sc 

at tlte tip (Fig. 18-6) for handling Iractional weights and tares. 

PREPARATION OF SAMPLE FOR MICROANALYSIS 
Drvin- Device.-mxtn the sample submitted for quantitative raicroanalysis is 
expected to be a pure compound, it should be properly dried to remove the sur- 
fac^e moisture, residual solvent, and solvent of crystallization, respectively. A small 



Fic. 18-7. Schenck-Ma Automatic Temperature Controlled Drying Oven. (Courtesy 

Micro-Ware, Inc.) 


quantity of the sample is transferred into a half-dram vial. If drying at room tem- 
perature is sufficient, the vial with its contents is kept overnight in tlie ordinary 
vacuum desiccator in which phosphorus peiuo.xide is placed. Drying at elevated 
temperatures is best conducted in an automatic temperature controlled drying 
ovens (Fig. 18-7). Several vials containing different samples may be lined up in 
the large glass tube, which is inserted into a hollow aluminum cylinder heated by 
an external winding of resistance Avire. The large glass tube is connected through 
a ground glass joint to the desiccant holder, Avhich is htted with a stopcock for 
evacuation. Phosphorus pentoxide is stored in a small tube that is dren placed in 
the desiccant holder. This permits easy removal of the spent desiccant. The tem- 
perature of the drying oven is regulated by an electronic thermostat, and can be 
maintained between 25°C. and 300°C rvith a precision of ±2°C. Thus, the sample 

•'> Schenck, R. T, E., and Ma, T. S., Mikrochemie, 40, 236, 
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can be dried at any temperature within this range. Temperature equilibrium is 
reached within about 5 min. When 100 mg. or less o£ the sample is in the vial and 
the pressure is reduced to about 20 mm., the sample will be completely freed o[ 
surface moisture or solvent if tire drying oven is kept at lOO’C. (or the boiling point 
of solvent) for 1 hr. 

It should be noted that samples for purity test or quality control should not be 
dried prior to analysis. This is also true for mixtures whose constituents are to be 
determined. 

Pulverizing and Mixing Devices.— The small agate mortar and pestle (Fig. 18-8) 



Fic. 18-9. Micro Sieve. 


are used to pulverize samples that can not be broken down by cutting with the 
microspatula, or being pressed between two pieces of clean glass slides or glazed 
paper. Mixing of the pulverized product is not advisable when the analytical 
sample is expected to be a pure compound. On tlic other hand, iictcrogcncous 
samples, e.g., rocks and pharmaceutical preparations, should be finely ground and 
the powder sifted over a fine sieve. TJic latter is conveniently prepared as follows. 
A jiiece of silk-fabric or lOO-mcsh copper wiiq screen is spread over a 5-ml. beaker 
and die edges are then fastened by means of a rubber band or metaf wire (F/g. 
18-9). The powered material is transferred 'onto the sieve and puslied with the 
microspatula. Particles whicli do not pass the sieve are returned to the mortar and 
reground. The powder iu die beaker is again thoroughly mixed and a representa- 
tive sample is obtained by quartering. 

If a heterogeneous solid sample is completely soluble in a suitable solvent, it may 
be advantageous to dissolve the whole micro sample (or a relatively large yveight of 
sample) and lake aliquots for analysis. Thus, for tlic determination of nitrogen in 
fertilizer, a onc-g. sample can be dissolved in water and made up to exactly 100 ml, 
Then 1.00-ml. portions arc taken for micro-Kjeldalil determinations. 

Sample Containers. For Solids.— The container for weighing a sample for quanti- 
tative microanalysis depends on the consistency of the sample and the determina- 
tion required. Containers for handling solids include platinum, quartz, or porce- 
lain microboats (Fig. 18-10), micro platinum or porcelain crucibles (Fig. 18-11); and 
glass weighing tubes (Fig. 18*12). Tlie last item should be so fashioned that the 
wide end can 2 >ass through the neck of Uie reaction vessel used in the analysis, 
while the narrow end can be reached by the inicrospatbla. The length of the han- 
dle should fit the size and shape of the reaction vessel. 
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Fic. lS-10. Microboais. (Courtesy 
A. H. Thomas Co.) 


Fic. 18-11. Micro PJatiiuuu 
Crucible. (Courtesy Baker Plat- 
iiuiiH Dirisiou, Engelhard Iti- 
dustries.) 


e— 


Fio. 18-12. Weighing Tube. 


For Liquids.-Liquid samples are iceighed iti microweigliitig bottles® (Fig. 18-13) 
or capillaries.' The step in making the miciweighing capillary is shown in 
Fig. 18-14. A section of capillary of about 1.5 mm. diameter, (a), is heated over 
a small flame until the glass softens to form a constriction, (b), with very fine 
channel. The flame is moved to about 15 mm. from the constriction anti that 



Fig. 18-13. Microweighing Bottle. (Reprinted with permission from Microchemical Jour- 
nal, 3; 508, 1959, John Wiley and .Sons, Inc.) 


part of die capillary is heated until a molten section, (c), is formed. The molten 
glass is drawn out, (d), and broken iti the flame to make a handle, (r). Then the 
odrer side of dte capillary from the constriction is heated at about 25 mm., and 
drawn out to form a fine tip of 25 mm. lengdi, (/). In use, the microweighing 
capillary is weighed on die microbalance. Then its handle is held between two 
fingers and die liquid chamber— between the tip and the constriction— is warmed 
over a tiny flame. Immediately afterwards, the tip is immersed in the liquid sample 
(Fig. 18-15(a)); The sample enters the capillary owing to the reduction of gas 
volume inside by cooling. When die liquid reaches the wide part for a length of 
about 2 mm.’, the capillary is withdrawn and the approximate increase in weioht 
is determined. If diis amount is suitable, the capillary is held by its handle, with 

0 Kartell, B. S., and Ma, T. S., .Microchem., J., 3, 508, 1959. 

" Ma,T. S., and Eder, K. W., j. Chine.se Chem. Soc., 15, 112, 1947. 




Fig. IS'I-}. Construction of ilie \IicroHei»hing Capillan. 


the tip pQirtting upward. By gently upping the hand holding the capillary' against 
the oUier ann, tiie liquid uill fall doun tiie apillary until it reaches die constriction. 
The tip of die capillary is then sealed in the flame. The capiUary containing the 
liquid sample (Fig. IS'I5(6)) is now accurately weighed. 

In case too mucli sample has entered the capillary, as indicsted by the approxi- 
mate weight, part of the sample can easily be remoxed by wanning the lower sec- 
tion of the liquid clumber, wliereupon die sample is pushed out, and absorbed on 
a filter paper. Oti the odier hand, if more sample is desired, the entire liquid is 
expelled from die capillary by warming and the process of filling the capillary is 
icpeated. 

A slight modification of die filling tecliiiique described aboxe is recommended 
for the liquid sample iliat boils near room teinperaiuie, or which consists of a mix- 
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ture containing very low boiling components. Since wanning the capillary is not 
feasible, the capillary tip is first immersed in the sample and then a piece of dry 
ice is caused to touch the liquid chamber. Thus, the liquid moves into the capil- 
lary because the gas inside is cooled to a temperature considerably below room 
temperature. Alternatively, a microweighing capillary with the tip of about 10-mm. 
lent^th and 0.5-mra. bore is prepared. Then the liquid sample can be introduced 
to near the constriction of the capillary by means of either a dropping pipet with 
a fine tip or a microsyringe. As a matter of fact, these last two devices may be used 
for weighing liquids by difference, provided the amount taken for analysis is over 
10 mg., and high precision is not required for the determination. 

Microdesiccatov . — The term microdesiccator is a misnomer since the appaiatus 
contains no desiccant and is never used for the purpose of removing water or other 
solvent from the micro sample. It is just a storage device for keeping the micro- 




I'lG. 18-lG. Piegl Miciodesiccator. 
(Courtesy A. H. Thomas Co.) 


Fig. 18-17. Improved 
Microdesiccator. 


boat or microcrucible holding die sample or product of analysis. It protects the 
material from contamination by dust, moisture, etc. in the atmosphere. It also 
provides a convenient means for tiansporting the sample from the microbalance, 
which is always at some distance from the site of the chemical process such as the 
combustion furnace or digestion stand. 


The microdesiccator of Pregl (Fig. 18-16) has been displaced by other models 
because it is too big and clumsy. An improved design is shown in Fig. 18-17. 
The bottom part is a metal block cut from an aluminum or copper cylinder of 
50 mm. diameter. It is machined to give a slightly concave surface depressed 
about 3 mm. to accommodate the top, which is a glass cover widr ground glass rim. 
The latter is conveniently made from a lOO-ml. beaker cut to a 40-mm. length, 
and polished. The side of the metal block is grooved so it can be held by the 
fingers without slipping. 


As mentioned previously, under “The Microchemical Balance,’' a hot object 
should never be placed on the microbalance pan. This object should be immedi- 
ately put in the microdesiccator and the glass cover replaced. Because of the ef 
ficient heat conductance of metal, a platinum microboat or microcrucible from the 
hot oven can be weighed after standing in the microdesiccator for 5 to 10 min 
m contrast to the 30-min. minimum waiting period when porcelain plate is used 
need desiccator for macro quantitative analysis. The microdesiccator 

need not be placed inside the microbalance case, and it should not be there when 
holding a hot object. The object to be weighed should equilibrate with the room 
temperature outside the microbalance. 
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MICRODETERMINATION OF THE ELEMENTS 
IN ORGANIC COMPOUNDS 

GENERAL 

Since the largest demand of quantitative organic microanalysis is tlie determina- 
tion of the elements, considerable attention has been given to titis subject during 
the past two decades and a grctit deal of progress lias been made. Now it can be 
said that each and every element that may be found in an organic compound can 
be determined by means of a reliable micromeihod. Hence it is possible to make 
a complete analysis of any organic sample in order to account for every element 
that may be present. Such practice, however, is recommended only for die investi- 
gation of organic materials of completely unknown nature. For most samples, de- 
termination of one or two elements usually sulTiccs. 

A number of micromethods have been proposed in which several elements can 
be determined simultaneously using the same sample.* This serves to conserve the 
working material and save the time required for separate combustions. Precision 
and accuracy aie often sacrificed, however, when sucli procedures are used. 

Various automatic microcombusuon assemblies have been proposed. The com- 
pact apparatus for automatic micro-Dumas determination of nitrogen, as described 
by Gustin,® is sliown in Fig. 18*18. Tlic operator weighs the sample and intro- 
duces it mto the vertical combustion tube, then waits to read die final volume of 
nitrogen gas recorded on die dial. The intervening steps of sweeping, combustion, 
and collection of gas are carried out automatically, according to a preset time 
schedule. A commercial automatic microcombustion train for the determination 
of carbon and hydrogen is also available currently (Fig. 18*19).^® The analyst 
needs only to weigh the $<imple and absotpiton lubes for water and carbon dio?^* 
ide. The use of automatic microcombustion apparatus makes it possible for die 
analyst to handle several pieces of equipment at the same time. Thus, the man- 
hours required for each determination arc reduced. Such a device is recommended 
for the routine microanalytical work in vvliicli a large number of samples of the 
same nature and approximate composition are processed. If there is a continuous 
variation in the nature ol organic materials to he analyzed, however, die analyst 
should give each sample individual attcudoii iu order to avoid erratic and dis- 
appointing results. 

MICRODETERMINATION OF CARBON AND HYDROGEN 
BY OXIDATION IN A COMBUSTION TUBE 

Prmcjpfe.— The microraethod described in Uiis section is a modification of die 
original Pregl procedure. The oiganic compound is oxidized in a current of oxy- 
gen by means of copper oxide at 700" to 800"C.. whereupon carbon is converted 
quantitatively to carbon dioxide, and hydrogen to water vapor. The respective 
products are then retained in suitable absorbents and weighed. 

Apparotiw.— Figure 18-20 shows the flow-sheet diagram of the microcombustion 
train for the determination of carbon and hydrogen. Figure 18-21 shows a com- 

8 See re\ieus by Ma, T S., Anal. Chem., 30, 760, 1958; 32, 80R, I960: Ma, T. S., and 
Gutterson. M . Ibid, 34, lllR, 1962. 

8 Gustin, H. (M., Microcheni, J., 1, 75, 1937. 

VO Available from Coleman Insiiuments, Inc, Maywood. 111. 
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Fig. 18-lS. Automatic Nitrogen Analyzer oE Gustin. 


Oxygen Cylinder .4.— Oxygen of very high purity, free from hydrogen and hydro- 
carbons, is commercially available in large cylinders and ‘‘lecture demonstration 
bottles." The latter is recommended for occasional carbon and hydrogen micro- 
determinations. The bottle is opened gradually to regulate the flow of gas. It 
can also be connected to a simple regulator (Fig. 18-22). A large cylinder of oxy- 
gen, if used, should be connected with a pressure gauge and needle valve reo-ulator. 

- If pure oxygen is employed, blank analysis will cause negligible increase'^on the 
weights of water and carbon dioxide absorption tubes. Then , the preheater C 
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shown in Fig. 18-21 becomes superfluous, since its purpose is to remove hydrogen 
and organic matter from the oxygen reservoir. 


B 





a, . 



luc. 18-21. The Carbon and H\drogen .Micvoconibusiion .Assembly .Vrrangcd for Left- 
Handed Operation. (Courtesy .A. H. 'I homas Co.) 


Constant Pressure Device B.— The constant pressure device (Fig. 18-21 li) con- 
sists of two parts. One part is a bell jar with ;i centnil tube for gas inlet and a 
side arm for gas exit. The gas inlet tube should 
extend about 3 mm. beyond the rim of the bell 
jar, which is placed inside a cylinder. The latter 
is partially filled with distilled water to which a 
little sodium hydroxide is added, in order to pre- 
vent the atmospheric carbon dioxide from passing 
into the gas stream. ' When oxygen is passed into 
the combustion train through die pressure regu- 
lator, the water inside the bell jar will be pushed 
out so that the level of irater surrounding the bell 
jar is about 60 mm. from its rim. The valve of 
the oxygen cylinder should be so adjusted diat the 
bell jar is always full of gas and occasionally bub- 
bles of oxygen escape through the outside cylinder. 

Bubble Counter— U-Tube D.— The bubble 
counter is filled with concentrated sulfuric acid 
until the tip of the gas inlet tube is about 3 mm. 

immersed in the licpuid. One arm of the U-tube is packed with the carbon dioxide 
absorbent, while the other arm, which is connected to the combustion t^ls 



Fic. 18-22. Simple Gas Regu- 
lator. (Courtesy Fisher Scien- 
tific Co.) 
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filled with the water absorbent. Cotton serves as partition and as plugs at the 
two ends. 

The Combustion Tube A typical packing for the combustion tube for micro- 
determination of carbon and hydrogen is shown in Fig. 18-23. A small wad of 
silver thread is pushed towards the tip of the microcombustion tube, and a silver 
wire about 10 mm. longer than ilie tip is inserted through the otlier end. Then 



Ag PbO, Ag CuO Ag Micro PI boat Cork 


Tic. 18-23. Packing of MIcrocombiistion Tube Cor C-H Anahsis. 

long-fibered asbestos is packed into the tube to a length of about 5 mm. This 
serves as a choking plug to control the speed of tlic gas. Lead peroxide (specially 
prepared for micro C-H analysis) is introduced. This section should be about 
50 mm. long and should be heated at 180 ± H)*C. A little asbestos is added as 
partition, followed by the roll of silver wire, 50 mm. long. Another asbestos par- 
tition is introduced. Then the lube is filled with the oxidizing agent, whidi con- 
sists of copper oxide, either in wire form or prepared from a roll of fine copper 
wire gauze (100 mesh) by ignition over a strong fiame. This section sliould be 
about 180 mm. long, and it is followed by a little asbestos and the roll of silver 
wire of 40-mm. length. The length of each section sliould not be governed by 
a rigid rule but should fit die combustion furnace F. Electric miaocombustion 
furnaces are commonly used nowadays, diough the gas burner of Fregl (Fig. 18-24) 
also gives satisfactory results. If the laboratory 
is air-conditioned, liouever, gas burners are not 
recommended because they generate consider- 
able amounts of heat and carbon dioxide.-/ 
The inicrocombustion tube is conveniently 
closed with a cork stopper which fits snugly 
and squarely at the opening (see Fig. 18-23). 
The cork stopper is shaped from one diat is 
wider than the microcombustion tube, by 
slowly and carefully squeezing the cork into the 
neck of the tube. The cork stopper is better 
than a lubber stopper or a ground-glass cap: 
if there is a sudden gas expansion inside the 
combustion tube, the rubber stopper or glass 
cap might cause an explosion. 

The packing described above in this section 
has been called “universal packing,” meaning 
that it may be used for the analysis of almost all types of organic compounds. 
It should be noted, however, that a microcombustion tube packed in this manner 
may not give satisfactory results for compounds containing fluorine, mercury, or 
osmium. Mercury and osmium tetroxide have high vapor pressure at the tempera- 
tures of combustion, and will pass into the absorption tube. Fluorine is not quan- 
titatively retained by the silver roll; hence, a section of magnesium oxide should 
be incorporated into the packing. 



Fig. 18-24. Pregl Long Hurner for 
Miciocombustion. (Courtes) A. H. 
Thomas Co.) 
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Afan-^anese dioxide pellets have been advocated for the removal nitrogen 
oxiLs in place of lead peroxide. In the former case, Je reagent should pl^'' 

• tube [fI^ 18-25(a)) between the two absorption tubes as shown in Fig. 18-20 G. 


i 

/f i!- 

Fig. 18-251). Absorption 'I'ubcs for 
Water and Carbon Dioxide. (Cour- 
tesv A. H. Thomas Co.) 


Fig. 18-2511. Absorption Tube for Removal of 
Nitrogen Oxides. (Courtesy A. H. I homas Co.) 

The silver wire protruding from the tip of the microcombustion tube should e.xtend 
into the tip of the water absorption tube (Fig. 18-20 H) so that no rvater drops 
will form in the capillary. 

Water and Carbon Dioxide Absorbers. — These are callcil absorption tubes (hig. 
18-25(b)) and their dimensions should meet recognized specifications.^^ The 
water absorber is packed with Anliydrone (magnesium perchlorate dihydrate) or 
otlier suitable efficient drying agent. Cotton is used to plug both ends and foiTn 
a channel as shown in Fig. 18-26. The carbon dioxide absorber (I’ig. 18-20, /) is 


Anhydrone 



Fig. 18-26. Packing of the Water Absorber. 


filled in a similar manner, except that the cotton channel is placed near the stopper 
and the absorption tube is first packed with a section (about 10 mm.) of Anhy- 
thone before introducing the .Ascarice (sodium hydroxide impregnated on asbestos). 
Tile stoppers are sealed by means of Kronig cement.^- The stoppers of the re- 
spective absorbers should face each other in the combustion train. In order to 

jiiU. S. Specifications recommended by the Committee on Microchemical Apparatus, 
Division of Analytical Chemistry, American Chemical Society; see .Alb^r, H. K., Mikro- 
efiemie, 36 and 37, 75, 1951; British Standards Institution, British Standards. 

- Available from A. H. Thomas Co., Philadelphia, Pa. 
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prevent leakage, a special kind of rubber tubing , 12 which is impregnated witli 
paraffin, should be used for connections. The raicrocombustion tube and the re- 
spective absorption tubes should join bud-to-bud, and each pair of glass terminals 
should have the same outside diameter. The rubber connections should be lubri- 
cated sparingly •with glycerol. 

The Guard Tube and Alariotte Bottle.— The guard tube (Fig. 18-21, J) is to 
pievent moisture from backing up into tlie carbon dioxide absorber. The Mari- 
otte bottle (Fig. 18-21, K) serv-es the purpose of varying the gas speed, if necessary, 
during the analjsis, and measuring die volume of oxygen that has passed tlirough 
the absorption tubes. 

Procedure. Acclimatization of the Aficrocombustion Train.— The microcombus- 
tion train is preferably assembled on a permanent bench as shown in Fig. 18-21. 
Before the analysis, tlie valve of the ox)gcn cylinder is opened to pass a current 
of gas through the combustion and absorption tubes. The 
furnaces arc turned on. The copper oxide section should be 
maintained at 700* to 800*C., while the lead peroxide and half 
of the silver roll should be heated at 180*C. If lead peroxide 
is not used, the silver roll should be kept at 300* to 400'C* 
Once the level of water in the pressure regulator has been 
adjusted so that die volume of oxygen passing through thti 
combustion tube 1 $ about 100 ml. in 20 min. while the exit 
tube of die Alariotte bottle is at a horizontal position, it is 
not necessary to change the vvaier in die pressure regulator 
for several months. 

While wearing a clean pair of gloves, the analyst checks 
the combustion train (or leaks, by turning off the stopcock 
on the guard tube, so that oxygen will stop entering the 
bubble counter. The absorption tubes arc removed from the microcombustion 
train and die tips of the absorption tubes are wiped with a piece of tissue 
paper.i* The absorption tubes are placed near die microbalancc for 5 min, 
then set on the hook of the balance pan and weighed. The tube may be handled 
by means of the gloved thumb and index finger, or preferably by using a special 
fork (Fig. 18-27). In the former case, die tube is picked up by die center section; 
in the latter, it is picked up by die end. TJie water absorption tube is weighed 
first, followed by the carbon dioxide absorber. 

The Course of Analysis.— Prior to die weighing of die absorption tubes, the 
sample to be analyzed should be weighed. Solid substance is weighed in a plati- 
num microboat (see Fig. 18-10); liijuid sample is weighed in a capillary (see Fig« 
18-15). After die absorption tubes have been replaced in the microcombustioo 
train, the stopcock leading from the pressure regulator is turned off and the cork 
stopper of the combustion tube is removed. 

The sample is introduced as follows: when the microboat is used as sample 
container, the boat is transferred from die microdesiccator (see Fig. 18-17) into die 
mouth of the combustion tube by means of the forceps, and then pushed inside 
by means of a glass or platinum wire hook until it is about 50 mm. from the silver 

The expert micro-analyst may prefer using a piece of chamois instead of the gloves 
and wiping the absorption tubes with wet flannel cloth and moist chamois, instead of 
tissue paper. The novice, however, usually finds it difficult to use this technique. 



no. 18 27. Fork for 
Handling Microab 
sorption Tubes. 
(Courtesy A. H. 
Thomas Co) 
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roll- if the sample is .veighed in a sealed capillary, a platinum foil about ^10 mm. 
lon^ bent into^a triangular shape, is first placed at die neck of the combustion 
tube; the end of the capillary tip is cut off. and the capillary is laid on the 
foil: the latter is pushed towards die silver roll until the capillary up is 50 mm. 
uwciy from the silver roll. 

The cork stopper of the combustion tube is now replaced. The stopcock of the 
auard tube is then opened. If water continues to drop out from the Mariotte bottle, 
a leak in the system is indicated, and it should be corrected before the combustion 
can be started. When the train is proven to be satisfactory, the smpcock of the 
pressure regulator is opened. Presently bubbles should appear in the bubble 
counter and water should drop out from the Mariotte bottle; otherwise the micro- 
combustion train is clogged and should be checked. 

The microboat (or platinum foil) is heated gradually by placing the burner 
under the combustion tube and to the right of the microboat. The burner is 
slowly moved leftward. Solid sample usually melts first, and then volatilizes or 
sublimes. Liquid sample will come out of the capillary tip and settle in the com- 
bustion tube. In order to prevent incomplete combustion, it is important to 
control the rate at which the sample enters the o.xidizing mixture. A sample of 
3 to 6 mg. ordinarily requires about 10 min. 

After the sample has disappeared, 100 ml. of oxygen are passed through the 
microcombustion train. The stopcock of die guard tube is closed. The absorp- 
tion tubes are disconnected, placed near the microbalance, and weighed as de- 
scribed above. The increases in weight of the respective tubes give the amounts 
of water and carbon dioxide produced from the sample. The respective per- 
centages of carbon and hydrogen are then calculated. 


MICRODETERMINATION OF CARBON BY OXIDATION 

IN A SOLUTION 

Principle.— The organic compound is dissolved in a phosphoric acid solution that 
contains such strong oxidizing agents as sulfuric, chromic, and iodic acids. Heat- 
ing the reaction mixture effects the complete conversion to carbon dioxide. The 
latter is absorbed in sodium hydroxide solution, forming sodium carbonate. Acidi- 
fication of the carbonate solution regenerates carbon dioxide gas, which is deter- 
mined manometrically. The presence of nitrogen, halogens, sulfur, alkali metals, 
etc., does not affect the results. 

This method was developed by van Slyke, Folch, and Plazin for the micro- 
determination of organic materials in a solution. It can be used also for the 
analysis of solid samples, but it is not suitable for the determination of carbon 
in low-boiling liquids. 

Apparattis.-The apparatus for microdetermination of carbon by wet combus- 
tion IS shown in Fig. 18-28. The reaction vessel. A, is connected by means of 
a ball-and-socket joint to the absorption chamber assembly, B. The contents in 
tire chamber can be magnetically agitated. The latter can be opened to the atmos- 


ir\an Sl)ke, D. D., Folch, J., and Plazin, J., J. Biol. Chem., 136, 509, 19-10. 
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Procedure. Preparation for die Oxidation.— The reaction vessel, A, is dis- 
connected from tiie connecting tube. The sample is introduced into the bottom 
either by means of the weighing tube (see Fig. 18-12) for solids, or by using the 
pipet for solutions. The sample taken should contain 2 to 3 mg. of carbon. A 
few grains of alundum are added to act as boiling chips, and 200 mg. of potassium 



Fig. 18-28. Manomctric Apparatus for Wet Combustion. (Courtesy A. H. Thomas Co) 

iodate arc introduced. The ground glass joint is lubricated with sirupy phosphoric 
acid, and the connecting tube is replaced. 

The manometer is tilled with mercury and its stopcock closed. With the stop- 
cock of the reaction vessel closed, the lower stopcock, F, open and the leveling 
bulb, £, in the upper ring, the stopcock of die absorption diamber is carefully 
opened so that mercury is forced into and above the absorption chamber, B, until 
the cup of die absorption diamber assembly is filled with several milliliters of 
mercury. The stopcock of the absorption chamber is then closed while die lower 
stopcock, F, is left open. 
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Now the leveliiK^ bulb, E, is placed in the lower ring and the stopcock of the 
abforptiorchller is tu^ed so as- to connect the chamber with the reaction _ve. 
sel I The mercury level in the absorption chamber falls immediately since air is 
Sawn from the realtion vessel. The leveling bulb is then ^ow-ed f f e lab^ 
oratory bench so that mercury is drawn out of the absorption chamber. When 
mercury level in the clramber, B, has reached the 50-ml. mark, the lower stopcock, F, 
is closed and the leveling bulb, £, is returned to the upper ring of the stancl. 
The stopcock of the absorption chamber is then closed and the lower stopcock, t, 
is again opened. This action admits mercury into the absorption chamber and 
compresses the trapped air. By turning the stopcock of the absorption chamber to 
connect the chamber to the cup, the trapped air is forced out together with a 
few milliliters of mercury. 

A solution containing 0.5 M sodium hydroxide and 0.3 M hydrazine sulfate is 
introduced into the absorption chamber, B, in tlie following manner, the leveling 
bulb, E, is placed in the lower ring of the stand; the stopcocked cylinder, G, which 
holds the alkaline hydrazine solution, is fitted with a rubber tip so that the de- 
livery end makes a gas-tight connection when the tip is pressed tightly against 
the bottom of the cup above the absorption chamber, which contains a few milli- 
liters of mercury; with the stopcock on the cylinder open, the stopcock of the 
absorption chamber is opened slightly so that the alkaline hydrazine solution 
slowly enters tlte absorption chamber; when the hydrazine solution is about 1 mm. 
above the 2-ml. mark in the absorption chamber, both stopcocks are closed and 
the leveling bulb is returned to its holder; the stopcock of the absorption chamber 
is opened momentarily so that both the solution in the capillary of the cock and 
enough mercury for a seal are drawn into the chamber. In order to eliminate 
the error due to atmospheric carbon dioxide, the alkali on the walls of the cup 
is washed away with several portions of distilled water, each of which is removed 
by the water aspirator. 

The Oxidation.— By lowering the leveling bulb, £, below the bench top, mer- 
cury is slowly drawn out of the absorption chamber, B, and the manometer, C. 
When the mercury level in the manometer stands a little below the level of the 
2-ml. mark on the absorption chamber, the lower stopcock, F, is closed and the 
leveling bulb, E, is placed in the lower ring of the stand. The stopcock of the 
absorption chamber is now turned to connect the chamber with the reaction ves- 
sel, A. Three ml. of the oxidizing fluid (prepared by mixing 2.5 g. of chromic 
acid. 0.5 g. of potassium iodate, 17 ml. of sirupy phosphoric acid, and 33 ml. of 
fuming sulfuric acid) are introduced into the cup above the reaction vessel, A 
The stopcock below the cup is carefully opened to allow 2 ml. of tlie oxidizing 
fluid to run into the reaction vessel. A, making certain that no air enters the 
system. , The contents of the reaction vessel. A, are carefully heated to boiling 
with the microburner (or preferably in a heating stage automatically controlled) 
As carbon dioxide and oxygen are evolved, the mercury falls in the absorption 
chamber. B, and rises on tire manometer. C. During this stage, the lower stop- 
cock, F, is opened momentarily every few sec. to admit mercury from the levelimr 
bulb £ mto absorption chamber, B, and to keep the gas space in the chamber 
at about 10 ml. Within 1 mm. from the beginning of the heating, enough gas has 
been evolved to press the mercury in the manometer up to its top, and to permk 
tire lower stopcock, F, to be opened completely without causing a^back flow of tire 

Ma, T. S., and Schenck, R. T. E., Mikrochemie, 40, 245, 1953 



37C QUANTITATIVE MICROCHEMICAL ANALYSIS 

alkaline hydrazine solution from tlic absorption chamber, D, to the reaction ves- 
sel, A. The lower stopcock, F, is now left fully open during the rest of the reflux 
wiUi the system under a pressure of about GOO mm. of lueicury. Vigorous boiling is 
continued at this pressure for 2 min. to complete the oxidation. 

Absorption of Carbon Dioxide by the Alkali in the Absorption Chamber.— After 
the completion of tire oxidaiioir, the leveling bulb, E, is lowered below the bench 
top, until the level of the mercury in the absorption chamber, D, drops to the 
50-ml. mark. The contents of the reaction vessel, A, boil vigorously under the 
reduced pressure. The leveling bulb, £, is quickly raised, causing mercury to 
return to chamber, B. As soon as the space in the chamber, B, has been com- 
pressed to about 7 ml., the leveling bulb, E, is quickly lowered below die bench 
lop until the mercury in the absorption chamber falls again to the 50-ml. mark. 
This process of alternate expansion and compression should be repeated rapidly 
25 times in about 5 min. The lower stopcock, F, is closed and die leveling bulb, 
E, is replaced in the lower ring of the stand. 

The heater is then removed from under die reaction vessel, A. The stopcock 
of the reaction vessel is opened and the bnll-and-socket joint is disconnected from 
the absorption chamber, B, the stopcock of the chamber being closed. Immediately 
after removal of the reaction vessel, //, the bent capillary tube of the stopcock 
above the absorption chamber must be filled with mercury. TJiis is done by 
connecting the capillary through the ball joint to a test tube containing mercury, 
and carefully opening the stopcock, so that mercury enters the capillary and fills 
die cock, and a few drops fall into the absorption chamber, B, 

Removal of Unabsorbed Gases. The lower stopcock, F, is opened and leveling 
bulb, E, is placed in the upper ring of die stand. Next the stopcock on the ab- 
sorption chamber, B, is opened carefully, allowing the gases to escape through the 
mercury pool in the cup, until tlic alkaline hydrazine solution just reaches the 
bottom of the stopcock. Then the leveling bulb, E, is returned to the lower ring 
of the stand and tlie stopcock on die absorption chamber is opened momentarily 
to provide a mercury seal. 

Liberation of Carbon Dioxide and the Reading of P^.—A 1-mI. stopcock pipet, 
fitted with a rubber tip, is filled to the mark with 2 Af lactic acid solution. The 
rubber tip is then pressed against the bottom of the cup above the absorption 
chamber, B, and the stopcock on the pipet is opened. By carefully turning the 
stopcock on die absorption diaraber, B, exactly I ml. of lactic acid solution is 
delivered into the chamber. Tlie pipet is removed and the stopcock on the ab- 
sorption chamber is opened momentarily to effect a mercury seal. The leveling 
bulb, £, is lowered below the bendi top, drawing mercury out of the absorption 
chamber, B. When the mercury reaches the 50-ml. mark in die chamber, the 
lower stopcock is closed and the leveling bulb is replaced in the lower ring of 
the stand. The magnetic stirrer is turned on and the contents of the absorption 
chamber, B, are agitated for 30 sec. Carbon dioxide is liberated causing die mer- 
cury level in the absorption chamber. B, to fall below the 50-ml. mark. The lower 
stopcock, F, is opened occasionally to admit some mercury into the absorption 
chamber, B, to return the mercury level at the 50-ml. mark. Finally the solution 
is stirred for 90 sec. to complete the reaction between sodium carbonate and lactic 
acid. The leveling bulb, E, is now placed In the upper ring in the stand and the 
lower stopcock, F, is carefully open^ to force mercury into the absorption cham- 
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her. B, until the mercury level is exactly at the 10-ml. mark. The manometet 

reading is then recorded. This gives the pressure Pj. 

Re-absorption of Carbon Dioxide and the Reading of Po-— The leveling bu , 
E, is placed in the lower ring of the stand and the lower stopcock, F, is opened. 
One ml. of 5 iV sodium hydroxide solution is delivered into the cup above the 
absorption chamber, B. The stopcock on the absorption chamber is carefully 
opened to admit the mercury in the cup into the absorption chamber. When the 
mercury level reaches the capillary above the stopcock, a note is made of the 
height of the sodium hydroxide solution in the cup, which is graduated. 1 he 
stopcock of the absorption chamber is kept open until exactly 0.5 ml. of alkali have 
entered the absorption chamber, B. About 2 ml. of mercury are added to the 
cup and a mercury seal is again made. The excess alkali in the cup is removed 
by suction and rinsing with distilled water. The contents of the absorption cham- 
ber are mixed by lowering the leveling bulb, E, below the bench top to bring 
the surface of the solution down to a point a little below the 10-ml. mark, and 
dien raising tlie leveling bulb to a point above the ring so that the pressure in 
the absorption chamber is about atmospheric, as shown on the manometer. This 
process of lowering and raising the leveling bulb, E, is repeated 3 times. Then 
the leveling bulb is lowered below the bench top to bring the solution meniscus 
in the absorption chamber, B, down a little below the 10-ml. mark, and the 
lower stopcock, F, is closed. The leveling bulb, E, is placed in the upper ring 
of the stand. After standing for a minute to allow complete drainage of the alkali 
from tlie walls, the lower stopcock, F, is carefully opened to raise the meniscus to 
exactly the 10-ml. mark. The manometer reading is taken, which is Po. The tem- 
perature of the water jacket is also read. 

Calculation.— The pressure of the carbon dioxide produced by the sample is 
given by die formula 


Pcoa = Pi — P 2 — blank 


where blank represents the pressure obtained when the entire procedure is re- 
peated at the same temperature and using the same reagents, but without the 
sample. The weight in milligrams of carbon present in the sample is found by 
multiplying the pressure of the carbon dioxide by a factor given in Table 18-1. 


milligrams G = Pcoo X factor 

MICRODETERMINATION OF NITROGEN 
BY THE DUMAS PRINCIPLE 

Principle.— The Dumas method for the determination of nitrogen is based on 
the oxidation of the organic compound at high temperature in an atmosphere 
of carbon dioxide. Part of the nitrogen present in the sample is evolved as free 
nurogen but most of it is converted to the oxides. The latter are reduced to free 
nitrogen by hot metallic copper. The gas stream is conducted through a solution 
of potassium hydroxide, which absorbs the carbon dioxide and other acidic 0-1 e 
leaving the free nitrogen to be measured in the micro-azotometer (nitrometer ’ 
JUie pi^sence of odier elements in the sample does not interfere with the 
method for determining nitrogen, since metallic elements will be transformed 
mto stable sol.ds, wh.le volatile oxides are soluble in potassium hydSS^e it 
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Tab^e 18-1. Factob for Carbon Calculatjdn Using the van Slyke Apparatus 


1 

Tempera- 
ture, ®C. 

Factor 1 

X 10’ 

1 

Tempera- 
ture, '’C. 

Factor 

X 10’ 

15 

1.437 

25 

1.372 

16 

1.430 

26 1 

1.366 

17 

1.424 

27 

1.360 

18 

1.417 

28 

1.354 

19 

1.410 

29 

1.349 

20 

1.403 

30 

1.343 

21 

1.397 

31 

! 1.337 

22 

1.390 


1.332 

23 

1-384 

33 

1.327 

24 

1.378 

1 

\ 34 

1.321 


should be noted, however, that complete con'ersion of tlie carbon to carbon diox- 
ide in the sample is essential for tins analysis. Methane and carbon tetrahalides, 
especially carbon tctrailuoride, are resistant to oxidation. If these compounds 
escape into the micro azotometer, the results of nitrogen determination will be 
affected. 

Apparattis.—ThQ micro-Dumas combustion train may be assembled in various 
ways. The ASTM standard form is shown In Fig. 18-29, arranged for use in 
left hand position. It consists of the gasometer assembly, A, which is connected 
to a source of carbon dioxide; the Z shaped connecting tube, 21; microcombustion 
tube, C, tvliich is heated by 2 electric furnaces; 3-way stopcock, Di and micro azo- 
lometer, E, whicli is connected to ihe leveling bulb, F. The gasometer assembly, 
A, is incorporated for tlie purpose of measuring tlie volume of carbon dioxide 
led to the combustion tube. This can be advantageously eliminated. If the source 
of carbon dioxide is not pure, Iiowcvcr, the gasometer should be used with a cor* 
rection factor proportional to the volume of gas consumed. 

Carbon Dioiude Generator,— When dry ice (solid carbon dioxide), free from air, 
is available, a simple carbon dioxide generator is prepaied from a thermos bottle 
fitted with a rubber stopper and gas 2)ressure relief valve (Fig- 18-30)- The bot- 
tle is filled with crushed dry ice and the stopper, with a mercury valve, is put in 
place. Pressure will be built up, and it is quickly released by opening the stop- 
cock. This process is repealed several times lo expel all the air trapped in the 
bottle. The generator is then ready for use. One filling will keep for about 3 
days, and supplies eiiougii carbon dioxide for about 10 microdeterminations. 

A modified Poth generator, shown m Fig. 18-31, is recommended for routine 
analysis. The apparatus consists of 2 connecting bulbs in an atmosphere of carbon 
dioxide under a pressure about 20 mm. mercury higher than atmospheric. A con- 

AST .\f Specification EII48-59T. 

Sie)erinark, A., et a!., y\njl. Chetn., 21, 1560, 1949. 
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.en.a.ec. solution of pocassiuns 

Swathe ts-t 

microdeterminations. 



Miaro Azotometer and Connecting Stopcock.— The micro azotometer has a ca- 
pacity of 1.5 ml. and is graduated in 0.01 ml. The volume of nitrogen gas col- 
lected is estimated to the thousandth of a millimeter by the aid of a magnifying 
glass. A 3-way stopcock connected to the azotom- 
eter by ball-and-socket joint is specified in the 
ASTM Standard form (see Fig. 18-29). A two- 
way stopcock with long handle, hoivever, is easier 
to operate, and the stopcock is preferably sealed 
to the micro azotometer in order to prevent leak- 
age through the joint. Small tapered grooves 
should be cut in the plug of the stopcock to facili- 
tate accurate gas flow adjustment. 

Heating Devices.— If electric furnaces are used, 
as shown in Fig. 18-29, both furnaces should be of , , 

the type that can be opened up and retracted away 
from the microcombustion tube. The 2 furnaces Co.) 

should be connected to separate variable resistors 

so that die long furnace is maintained at a temperature of 700“ to 800“ C., while 
the short furnace can be regulated from 250“ to 900“C. In the absence of electric 
furnaces, the short furnace can be replaced by a Bunsen burner, and the lorn- 
furnace by a Pregl long burner (see Fig. 18-24). 

18 Poth, E., Ind. Eng. Chcm., Anal. Ed., 3, 202. 1931. 
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mJTa Z ' mi!® M.croco.nbusi.o .1 Trahi.-The micro azotomeier 
(Fig. 18-29) IS filled with mercury up lo a level about 3 mm. above tlie side 
joined to the stopcock. A pinch of mercuric oxide (made by heatiim 
chionde ... a smaii test tube) is added, together witi. a iO-mm. i.eadiess irrm 



die bottom, wWlfdie Lner m.f b? T '''7 » 

to break up any foim on ih® r up lo tlic top (by using a magnet 

concentrated solution of n of potassium hydroxide solution. A colt 

the leveling bulb rso tharth '7 '7^7 - P---’ 

on top of the micro^ A ^bout 10 mm! inside the cuf 

leveling bulb, F. omeier, E, and also beyond the rubber tubing of the 

(after being packe77lp(!-^ OTiiiiected to tlic tip of the microcombustion tube, C 
tubing, which is iranrcpmfJ'i ^ means of a 30-mm. long special rubber 

tube is then connected tn * 1 ^*'*' P*'**'-'®" The wide end of the microcombustioii 
connecting tube B source of carbon dioxide through the Z-shaped 

to tlte tip of tlie^r^7”**^ *^“be.— A small ball of silver thread is pushed 

bustion Tube t a vmiTo7v“ ^be microcom- 

ca position, copper oxide (wire form) is poured tlirough 




Temporary j 
Filling I 
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a funnel. The funnel (see Fig. 18-32) should have a smooth constriction so that the 
material can be poured down readily. The first section of copper wues should ex- 
tend 50 mm. beyond the long furnace and also 50 mm. within it. A little long-fibei 
asbestos is introduced to serve as partition. Then 
a roll of 100-mesh copper gauze, if wrapped around 
a heavy copper wire 50 mm. long and fitting the 

combustion tube snugly, is inserted and pushed ^ j 

towards the asbestos. After putting in another 
partition of asbestos, copper oxide wires are again 
introduced into the tube until they reach the edge 
of the long furnace. This portion of the packing 
is called the “permanent filling,” which need not 
be changed for at least 100 microdeterminations, 
unless the copper gauze roll is oxidized by mis- 
handling. The 2 sections of copper oxide wires in 
the permanent filling may be replaced by copper 
oxide gauze rolls, prepared by heating rolls of 100- 
mesh copper gauze of suitable length over a strong 
flame. Wires are more convenient to use, however. 

The “permanent filling” is separated from the “tem- 
porary filling” by a layer of asbestos. 

The Course of Analysis.— If the sample subjected 
to micro-Dumas analysis is a solid, it is weighed by 
means of the microweighing tube (Fig. 18-12) and 
then placed into a mixing tube (Fig. 18-33), which Permonent ^ 
is fitted with either a good cork stopper or a Filling 
ground-glass cap. The microcombustion tube is 
held in die vertical position after the “temporary 
filling” (the portion beyond the “permanent 
filling”) has been removed, and the funnel is in- 
serted, A 50-mm. section of copper oxide wires 
is introduced, followed by 10 mm. of fine copper 
oxide. Now the sample in the mixing tube is cov- 
ered by a 10-mm. layer of fine copper oxide. The 
stopper is replaced and the contents in the tube 
are shaken to mix the sample with fine copper 
oxide. The mixing tube is tapped gently to bring 
down the powder which might have stuck to the 
stopper. The stopper is now removed and the 
contents of the mixing tube are poured through 
the funnel into the microcombustion tube. Two 
small portions of fine copper oxide are added to the mixing tube, which is 
shaken, and its contents then poured into the miciocombustion tube Then a 
50-mm. section of copper oxide wires is put on top of the fine copper oxide and 
the nncrocombustion tube is replaced on the combustion stand. 

If the sample is an oil, it is weighed in a microboat (Fig. 18-10). The direction 

la .A-vailable from Fisher Scientific Co., New York, N Y 

20 Roth, H Quantitative Organic Microanalysis ’of’ Fritz Preo^l Dow K n 
Blakiston, Philadelphia, 1937. ^ trans., 
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£or introducing the tnicroboat and its contents into the combustion tube is given 
in the "next paragraph. 

Note.— Some micro-analysts also use the microboat lo hold solid sample for micio- 
Dumas determination. The mixing tube techm(|ue, howe\er, provides intimate contact 
of the organic Substance nith copper oxide. It gives better lesults except for compounds 
which are decomposed on shaking with copper oxide, liberating nitrogen. 

A volatile liquid is weighed in the weighing capillary (Fig. 18-15). After the oil 
or liquid sample has been weighed out, die microcombustion tube is removed from 
the stand. The temporary filhng is emptied out, a 50-mm, section of copper oxide 
wire is introduced, folloived by 20 mm. of fine copper oxide, and the microcom- 
bustioii tube is replaced on the stand. When the microboat 
is used, the boat containing die sample is placed at the neck 
of the microcombustioii tube and is carefully pusiicd towards 
the fine copper oxide. When the capillary is employed, a 
roll of copper oxide gauze witli a 2-mm. bore is placed at tlie 
neck of die microcombustion tube. The tip of tlie capillary is 
tut and the capillary U inserted into the copper oxide gauze 
roll. The combustion tube is then held at a vertical position 
and fine copper oxide Is intioduced until the microboat (or 
copper oxide gauze with the weighing capillary) is covered with 
it. Then a 50-mm. section of copper oxide wire is added, and 
the combustion tube is replaced on the stand. 

Tlie neck of the microcombustion tube, which is packed with 
the sample, is then cleaned with a wad of cotton. The rubber 
stopper (without the Z-shaped connecting tube, B) is lubricated widi a trace of 
glycerol and inserted into the combustion tube. "Flien die paraffin-impregnated 
rubber connection is sparingly lubricated and the tips of the combustion tube 
and stopcock, D, are joined glass-to-glass. Finally the Z-shaped connecting tube, 
B, is inserted through the hole of the rubber stopper until the tapered end of 
the connecting tube, D, protrudes about 2 nim. beyond the rubber stopper. 

With the leveling bulb, t, placed in the lower ring, and the stopcocks of the 
miao azotometer opened, a rapid current of carbon dioxide is passed througli 
the microcombustioii tram to displace all die an in the system. After 3 min., the 
stopcock, D, of the azotometer is closed and then turned carefully to allow gas 
bubbles to enter the azotometer slowly. If die bubbles disappear on reaching die 
top of the azotomeiei, the system is completely free of air. Now the carbon dioxide 
source is turned off, and the stopcock, D. is dosed. The stopcock on top of the 
azotometer is opened while the leveling bulb, F, is raised to bring some potassium 
hydioxide solution into the cup above the azotometer, and dien closed. The level- 
ing bulb, F, is placed in die lower ring. The stopcock, D, with a long handle is 
slowly opened, whereupon bubbles enter the azotometer but should be completely 
absorbed. 

The short furnace is placed near the neck of the microcombustion tube in a 
position about 20 mm. from the sample. While the “permanent filling” is heated 
at 700® to 800®C. by the long furnace, the temperature of die short furnace is 
gradually raised to 700®C, Expansion of the gas volume in the combustion tube 
on heating will cause bubbles to enter the azotometer. The short furnace is now 
slowly advanced towards the sample. As the sample vaporizes and is oxidized, a 


n 
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slow but steady stream of gas bubbles will enter the azotometer. This process 
be continued until the short burner meets the long burner. Then the stopcock, 
is closed and, after the source of carbon dioxide has been turned on. very carefully 
reopened so that bubbles enter the azotometer at the rate of 2 bubbles per sec. 
Nitrogen produced from the sample is carried into the azotometer and rises to the 
top. 'rhe short burner is now moved back to near the neck and advanced once 
more towards the long furnace in the course of 5 min. Then both furnaces are 
turned off. 

When all bubbles entering the azotometer are completely absorbed, the nitrogen 
in the combustion train is all driven into the azotometer. The stopcock, D, is 
closed and the leveling bulb, F, is placed in such a position that the meniscus of 
liquid in the bulb is at’ the same level as diat in the azotometer. After 5 min., the 
volume of nitrogen is read with the aid of the magnifier, and the barometer and 
thermometer readings are noted. If a little liquid adheres to the tip of the azo- 
tometer below the stopcock, it can be pushed into tire cup by holding the leveling 
bulb, F, above the cup and carefully opening the stopcock. If a foam is formed on 
the surface of tire potassium hydroxide solution, it can be removed by guiding the 
iron nail on the mercury upward with a magnet and moving the nail up and dorvn 
the foam. The volume of nitrogen is read again after such adjustments. 

The microcombustion tube should be kept in the train until it has cooled dorvn 
to room temperature. If another determination is not to follow, it is not advisable 
to empty the temporary filling, as this will introduce air into the system. On the 
other hand, the level of potassium hydroxide solution should be brought down 
belorv the graduated portion of the azotometer, and the stopcock belorv the cup 
should be protected from danger of being frozen. 

Calculation of the Result.— The volume of nitrogen measured in the micro- 
azotometer requires a correction factor for several reasons: (1) the azotometer is 
calibrated against mercury and not concentrated potassium hydroxide solution; (2) 
there is a film of alkali on the narrow walls of the azotometer; (3) the alkali solu- 
tion exerts significant vapor pressure. Pregl proposed to deduct 2% of the meas- 
ured volume, while Niederl and Niederl 21 recommended a 1% deduction plus a 
blank correction. A more accurate method is to calibrate tlie micro-azotometer 
against a known nitrogen compound of the highest purity, such as the microchemi- 
cal standards supplied by the Bureau of Standards. 

The weight of nitrogen obtained from the sample can be calculated from the 
corrected volume, temperature, pressure, and the atomic weight of nitrogen. Niederl 
and Niederl 21 have prepared a nitrogen reduction table that gives the logarithm 
of the weight of 1 ml. of nitrogen at a given temperature and pressure. 


MICRODETERMINATION OF NITROGEN BY 
THE KJELDAHL PRINCIPLE 

Principle. -When a compound containing aminoid nitrogen is heated with con- 
centrated sulfuric acid, the organic molecule is decomposed and nitrogen is con- 
verted to ammonium sulfate. The reaction is catalyzed by the presence of certain 
metals, e.g., selenium, copper, mercury, etc., and facilitated by raising the reflux 
temperature tlrrough the addition of potassium sulfate. Some non-aminoid com- 


J- Niederl, V., Micromethods of Quantitative 

Wiley and Sons, Inc., New York, 1938. 


Organic Analysis, John 



384 QUANTITATIVE MICROCHEMICAL ANALYSIS 

pounds such as niiro atid nttroso compounds can be analyzed by die micro-K.jeldahl 
method after being subjected to reduction with zinc and Ii)drochloric acid prior 
to sulfuric acid digestion.®* 

After the quantitatiie coniersion of organic nitiogcn to ammonium sulfate, the 
reaction mixture is transferred to a distilling apparatus where sodium hydroxide 
is added to liberate amomnia. The latter is coincniently absorbed in boric acid 
solution and determined by titration with standardized 0.01 N acid solution.** 

Micro-Kjcldahl digestion flasks, stands, and distilling assemblies are 
available commercially in various forms. The apparatus described below are simple 
and can be easily constructed. 

Digestion Flasks.— 'I hese can be iiiatle from ordinary I50-mm. (6-in.) borosilicate 
test tubes with the bottom blown out to form a bulb of about 25-mm. diameter 
and 6-ral. capacity. A larger bulb is required when the pre-reduction step is in- 
corporated. 

Digestion Stand.— A digestion stand for 6 llasks is made from a Transite board, 
10 by 35 cm., with 6 holes of 22-mm. diameter drilled in it. The board is set on a 
metal frame with four legs 10 cm. high. A heavy copper wire supports the necks 
ol the digestion flasks. The burner is made from a liunsen burner with its tube 
replaced by copper tubing 35 cm. long. Six holes, about 1 mm. in diameter, are 
drilled along the copper tubing. 2.5 cm- below the holes of the IVansite board. 
The first hole should be about 6 cm. away from the air screw of the burner. If 
the digestion is not carried out in the hood, a fume duct,** whicli is connected to 
the water tap through a glass aspirator, is added to tltc stand. 

Distillation Apparatus.— As shown in Fig. 18-3*1, tins is made of borosilicate 
glass, and is built in 2 compact units joined glass-io-glass by means of a short 
rubber tubing, D. The witole apparatus is conveniently clamped onto an iron 
stand and occupies a desk space of 30 by 40 an. The steam generator, A, is made 
from a Miter round-bottomed flask to which a side arm is attached for refilling. 
When it is two-thirds filled with distilled water, before distillation is begun, cnougli 
steam will be generated for 8 to 12 determinations. 

Procedure. Digestion (or Amino Compounds.— A 2- to 5-mg. sample, containing 
0.2 to 1 mg. of nitrogen, is accurately weighed and transferred into the bottom of 
the digestion flask. A long-handled weighing tube (Fig. 18-12) is used for weighing 
solid samples; a porcelain microboat (Coors, size 5 zeroes) is employed for weighing 
semi-solids and heavy oils, and is slid into the digestion flask. About 5 mg. of 
powdered selenium (mercuric oxide is used for pyridine type compounds) and 20 
mg. of copper sulfate-potassium sulfate mixture (1:1) are added, followed by 1 ml. 
of concentrated sulfuric acid. When a large volume of die sample is taken, as in 
the case of biological fluids and dilute solutions, it is better to acidify the sample 
(after introduction into die digestion flask) with a drop of sulfuric acid, and 
concentrate the \oIume to less than 1 ml. before adding die catalyst and 1 ml. of 
concentrated sulfuric acid. 

The digestion flask is placed on die digestion stand and die reaction mixture is 
boiled gently with a flame about 2 cm. high. The reaction is usually complete 
in 10 min. After cooling, 2 ml. of distilled water are added, and the solution is 
again cooled. 

2.! Nfa, T. S., Lang, R. £.. and McKinley, J. D., Jr., Mikrochim. Acta, 1957, 3C8. 

2*Afa, T. S , and Zuazaga, G., Ind. Eng. Chetii., Anal. Ed., 14, 280. 1942. 

24Niederl, j. B., and Nicderl, V., Microraethods ol Quantitative Organic Anal)5is, Jonn 
Wile) and Sons, Inc., New York, 51, 1938. 
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acid is introduced. Toward the end, the flask is heated over a small flame to keep 
the evolution of hydrogen proceeding smoothly. Two drops of concentrated sul- 
furic acid are then added, and the reaction mixture is gently boiled to remove 
the volatile solvents (but not to dryness). Upon cooling, 1.5 ml. of concentrated 
sulfuric acid are added and the flask is again heated until the solution darkens. 
The reaction mixture is then cooled, 700 mg. of potassium sulfate and 25 mg. of 
selenium powder are added, followed by 0.5 ml. of concentrated sulfuric acid. 
The reaction mixture is now digested by boiling gently for 1 hr. The contents 
of the digestion flask are then allowed to cool. Before the reaction mixture com- 
pletely solidifies, 3 ml. of distilled water are carefully introduced alonp the tvall 
of the flask. ® 

Distillation and Titration.— The distilled water in the steam generator. A, is 
boiled with a flame from the Bunsen burner about 10 cm. high, the ground o'lass 
plug of funnel, £, being placed in position and pinch clamp, D. closed. The'rate 
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of distillation should be about 5 ml. per min. Then the burner is removed from 
under the steam generator, whereupon the condensate in the distilling flask, G, 
is sucked back into the steam trap, C. The funnel, E, is filled with distilled water 
and the stopper is momentarily lifted up to drain the water into the distilling 
flask, G. The burner is now replaced under the steam generator for about 20 sec, 
and again removed. Meanwhile 5 ml. of 2% boric^ acid solution and 0.05 ml. of 
methyl red-bromocresol green mixed indicator (ll5) are delivered into a 50-mI, 
borosilicate Erlenmeyer flask. 

When the distilling flask, G, has been emptied, the Bunsen burner is replaced 
under die steam generator. A, and the pindi clamp, D, is opened to remove liquid 
from the steam trap, C. The phicli clamp is left on the glass tubing, through which 
die steam escapes. The Erlenmeyer flask containing boric acid is then placed under 
the condenser and supported in an oblique position so that the tip of the condenser 
is completely immersed in die liquid. 

A trace of vaseline is smeared on the lip of the digestion flask to prevent the 
contents of the flask from dripping down outside. The ground-glass plug of the 
funnel, E, is removed, and the contents of the digestion flask is poured into the 
distilling flask, G. The digestion flask is quickly rinsed twice with 2-ml. portions 
of distilled water, and the rinsings are poured into the distilling flask. Then a 
suitable volume (8 ml. for amino compounds; 15 ml. for nitro compounds) of 30% 
sodium hydroxide solution (a little sodium diiosulfate should be added when 
mercury is used as catalyst) is added into the distilling flask, G, tlvrough the funnel, 
£. and the ground-glass plug is replaced. The pinch clamp, D, U replaced on the 
rpbber tubing, whereupon steam enters the distilling flask, G, and stirs up its 
contents. Ammonia is liberated and escapes with steam through the condenser 
into the boric acid solution. 

, The bone acid solution dianges from bluish purple to bluish green as soon as 
it comes into contact with ammonia. One min. after the boric acid has changed 
color, the Erlenmeyer flask is lowered so that die condenser tip is 10 mm. above 
the liquid. While the end of the condenser is washed with a little distilled water, 
the distillation is continued for another min. The burner is removed and die 
ammonia in the Erlenmeyer flask is titrated with standardized 0.01 2A hydrochloric 
acid or potassium biniodate until the blue color disappears. (If preferred, the 
titration may be continued until a faint pink tinge appears; 0.02 ml. are Uien 
subtracted from the buret reading. There is no danger in missing the end point, 
because after the pink color appears, the intensity of pink color increases tre- 
mendously with a trace more of the 0.01 N acid.) 

MICRODETERMINATION OF OXYGEN 

Principle.— Unterzaucher 25 proposed a metliod for the microdetermination of 
oxygen which involves pyrolysis of tlie organic substance over a large excess of 
carbon in a stream of nitrogen. The combustion furnace is heated at 1120“ i 10°C. 
because both carbon dioxide and water react witli carbon quantitatively to form 
carbon monoxide at this temperature range. (It has been confirmed , 21 however, 
that the furnace temperature can be reduced to 850°C. when platinized carbon is 
used.) The carbon monoxide, after leaving the combustion furnace, is oxidized 
to carbon dioxide by iodine pentoxide at IlO'C., whereupon an equivalent amount 

25 Unterzaucher, Benchte, 7311, 391, 1940. 

2s I'ansare, V. S., and Mulay, V. N., Mikrochlm. Acta, 1961, 606. 
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o£ iodine is liberated. The latter is determined by titration with 0.01 N sodium 

^^"Tw!arflti(S.-The commercial assembly, which is based on the design o£ Aluise 
and co-workers.^*T is shown in Fig. 18-35. The schematic diagram as given by 
Steyermark is shown in Fig. 18-36,2® the apparatus being arranged for left hand 

°^Procedure.2‘-2S-The sample, containing about 1 mg. of oxygen, is weighed in a 
platinum boat or glass capillary as in carbon and hydrogen determinations (p. 372). 
A current of pure nitrogen is conducted through the system at the rate of 10 ml. 
per min. The 3-way stopcocks, H and H', at the ends of the combustion tube, G, 
are turned so that nitrogen is passed in the reverse direction through G, and out 
through the stopcock of tlie cap, F. The cap, F, is removed and the sample is 



Fig. 18-35. Assembly for Microdetenniiiation of O.xygen. (Courtesy A. H. Thomas Co.) 


introduced and pushed to within about 8 cm. of the long furnace kept at 1120°C. 
The cap, F, is immediately replaced, its stopcock being left open. The reverse flow 
of nitrogen through the combustion tube, G, and out through the cap, F, is con- 
tinued for 20 min. in order to expel all of the air that entered the system during 
the insertion of die sample. 

The inner walls of absorption tube, K, are moistened ivith 20% sodium hydroxide 
solution by sucking up the alkali through the tip and draining. The absorption 
tube is dien joined to the oxidation tube (filled with iodine pentoxide) and the 
Mariotte bottle as shown in Fig. 18-36. The stopcock of the cap, F, is now closed 
and the 3'Way stopcocks, H and H', are turned to let nitrogen enter the combustion 
tube, G, through its side arm, and pass into the oxidation tube. 

The short movable furnace is heated to about 1120°C. and gradually brought up 
towards the sample until it touches the long furnace in about 30 min. The short 
furnace is moved back and a strong burner is played on the section of the com- 
bustion tube which was between die two furnaces. This insures complete pyrolvsis 
of any material which may have condensed in the cooler portion of the tube. The 
short furnace is allowed to cool, after which the stream of nitrogen is continued 
until 700 ml. of gases pass through the system during the course of the determina- 
tion. The stopcock of the Mariotte bottle is closed. The absorption tube, K, "is 
disconnected and its contents are carefully rinsed with 125 ml. of distilled* water 
into a 250-ml. iodine flask containing 10 drops of bromine and 10 ml. of 10^ 
potassium acetate in glacial acetic acid. The stopper of the iodine flask is' replaced 
and the contetits are mixed. Then 10 ml. of 20% sodium acetate solution is added 


Aluise, V. A., Hall, R. R., Staa^, F. C., and Becker, W. W., Anal. Chem., 19, 347, 1947 
Vol SgTTsO Microanalysis, 2ncl Ed., Academic Press! Nbw 
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The excess of bromine is destroyed by introducing, drop by drop, 90% formic acid 
until the yellotr color just disappears. The solution is allowed to stand for j min., 
after whicli 300 mg. of potassium iodide and 5 ml. of 10% sulfuric acid are added. 
The contents of the iodine flask are mixed by swirling and then titrated immedi- 
ately with standardized 0.01 N sodium thiosulfate. The starch indicator is added 
when the iodine color has faded to pale yellow. Titration is continued until the 
disappearance of blue color. 

A blank determination must be made using an identical procedure e.xcept for 
inserting an empty platinum boat (or capillary and platinum foil). The volume 
of tliiosulfate solution consumed by this blank is subtracted from the volume 
required by the sample. 


MICRODETERMINATION OF CHLORINE. BROMINE, OR 
IODINE BY THE CLOSED FLASK METFIOD 

Principle.— A simple method for decomposing an organic substance to yield inor- 
ganic compounds and ions is to ignite the sample in an atomosphere of oxygen in 
a closed glass vessel. This method is particularly suited for micro-analysis since 
only a relatively small reaction vessel need be used and the danger of explosion 
is reduced. Thus a 10-1. bottle was employed by Hempel for macro determina- 
tions and a 1-liter flask tvas recommended by Mikl and Pech for semi-micro- 
analysis. Combustion operations carried out under such conditions tend to be 
incomplete and dangerous. On the other hand, when lliis technique was adapted 
to the micro scale by Schdniger^i in 1955, it was found that the use of a 300-ml. 
flask always yielded satisfactory results. The simplicity of the method gained popu- 
lai'ity for it in a very short time. This new method has been variably called the 
“oxygen flask method,” “Schdniger method,” and “closed flask combustion method.” 
The last is favored by this rvriter because it is more indicative of the procedure. 

Numerous publications have appeared on the discussion of the closed flask com- 
bustion method for micro-analysis. It has been utilized for the determination of 
halogens, sulfur, phosphorus, boron, carbon, and the metallic elements present 
in organic materials. A comprehensive review presented by Zarembo and Cohen 3- 
listed 122 references that cover the combustion and subsequent determinations; 
another review published by Macdonald 33 cited 62 references. 

When the closed flask combustion method is utilized to determine chlorine, bro- 
mine, or iodine in an organic sample, the respective halogens are converted to 
the corresponding halides, which are then absorbed in a solution containing sodium 
hydroxide and hydrogen peroxide. The best method for die subsequent micro- 
determination of chloride or bromide is by means of potentiometric titration using 
a silver calomel or a silver-glass electrode system. Iodine is preferably determined 
by oxidation to iodate, followed by the liberation of iodine, which is titrated with 
standardized sodium thiosulfate. 

Apparatus-Several types of microcombustion flasks are commercially available 
Figure 18-37(a) shows an example, consisting of a 300-ml. flask with a well and 


29 Hempel, W., Z. Angew, Chem., 5, 393, 1892. 

30 Mikl, O., and Pech, J., Chem. Listy, 46, 382, 1952. 

31 Schdniger, W., Mikrochim, Acta, 1955, 123. 

Cohen, L., The Closed Flask Combustion, multioraphed distril, 
uted at the Metropolitan Microchenucal Society, Ian. 1961 New York 
33 Macdonald, A. M. G., Analyst, 86, 3, 1961. 
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a ground-glass stopper sealed to a platinum wire basket. (Figure 18-38 shows t^vo 
other types o£ flasks and an intrared safety igniter.) s* 

A simple closed flask combustion assembly may be easily constructed from a 
250-mI. Erlenmeycr flask and glass stopper. A heavy (20 gauge) platinum wire is 
sealed to the roll of platinum foil (as shown in Fig. 18-37(b)) or rolled up to form 
a spiral. During combustion, the flask is placed inside an ice water bath to absorb 
the heat whicli is generated momentarily. 

Procedure. Preparation of the Sample.— A piece of cigarette paper is cut to 18 
mm. square, with a tongue 20 mm. long (as shown in Fig. I8-37(c)). For solid 


4 

SAMPLE 
WRAPPED IN 
PAPER HOLDER 
(a) (b) (c) 

Fic. 18-37. Oxygen Combustion Flasks and Combustion Paper. (Courtesy A. H. ThoraaS 
Co.) 

samples, the paper is placed on a watch glass and accurately weighed. The sample 
is added to die center of die paper and reweighed. Then the paper is carefully 
folded and inserted into the platinum basket of the combustion flask. Organic 
liquids are w’eighed in short ihm-walled capillaries (Fig. 18-14). The tip of the 
capillary is broken off, and tlie capillary and lip are folded inside the paper strip, 
which is insetted into the platinum basket boiiiontaby. 

Preparation of the Oxygen Flask.— Ten ml. of distilled water, 5 ml. of 0.5 iV 
sodium hydroxide, and 10 drops of 30% hydrogen peroxide are added to the coni' 
bustion flask. The flask is tJieii flushed with a rapid current of oxygen for about 
3 mm. to displace all die air. 

Combustion and Absorption.— The neck of the combustion flask is wetted with 
distilled water. Witli his left hand holding the flask and his right hand holding 
the stopper carrying the platinum basket and paper roll, the analyst ignites the 
tongue of the paper over a small flame, and immediately inserts the stopper into 
ilie flask. Combustion of the organic sample takes place instantly. The stoppef 
should be seated tightly while lire flask is immersed into the ice water baili to 
prevent pressure build-up. After tlie combustion, the contents of the flask are 
shaken to bring all tlie halogens into the alkali solution. 

s^The flask is damped and placed on an indined platform. After the sample has been 
aligned with the beam of the infrared lamp, push button firing is done from outside ihC 
cabinet. 
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Potentionietric Determination of Chloride and/or Bromide.— The stopper of the 
combustion flask is lifted and the platinum basket is rinsed with tvater. The 
contents of the flask are now quantitatively transfeiTed into a beaker. The glass- 
silver electrodes are inserted. Concentrated nitric acid is introduced dropwise, 




with stanLdized'o.OS A‘°sflver nhrate'' titrated 

recorded and the end point it dete^rned C tl^p,™ ™ 
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Titrimetric Determination of Iodine.— After removing the stopper and rinsing 
the platinum basket, 10 ml. of bromine-acetic acid mixture (prepared by adding 
4 ml. of bromine and 100 g. of potassium acetate to 100 ml. of glacial acetic acid) 
are introduced into the combustion flask. Five ml. of I M sulfuric acid and a few 
crystals of potassium iodide are then added. The flask is again stoppered and 
the contents are mixed by swirling. After standing for 5 min., the iodine liberated 
IS titrated with 0.02 N sodium thiosulfate solution. Starch indicator is added 
when the yellow color nearly disappears. 

MICRODETERMINATION OF FLUORINE BY ALKALI FUSION 
IN METAL BOMB 

Principle.— Organic substances containing fluorine, especially perfluoro coni- 
pounds, are resistant to the reagents and treatment ordinarily employed for quanti- 
tative organic micro-analysis; •'** therefore a vigorous reductive method is generally 
recommended. The sample is heated with metallic sodium or potassium, where- 
upon the organic fluorine is converted to alkali fluoride. Fluoride ions are then 
separated from tive reaction mixture by steam distillation of fluosilicic acid in a 
percliloric acid solution and determined by means of thorium nitrate. 

Apparatus. Metal Bomb.— The Parr microbomb of 2.5-ml. capacity is suitable. 
The gasket should be made of copper by cutting from a sheet of copper 0.5 mm. 
thick. 

Distilling Apparatus.— The distilling apparatus is shown in Fig. 18'39. The 
lower section is the steam generator made from a Miter flat-bottomed borosilicate 
glass flask. U is provided with a safety tube and a side arm that serves as the outlet 
and is dosed by a screw clamp. The upper section comprises the distilling flask 
and condenser. As indicated by tlie arrows, steam, S, travels along die ground- 
glass joint, J, passes through two concentric tubes, IT and ET, and reaches the 
distilling flask, D, through the two openings. The vapors enter the condenser, C, 
whidi consists of 3 concentric tubes. In IT.^ and the vapors are condensed, 
and in ET 2 the cooling water circulates. The ground-glass joint, serves as die 
opening for the introduction of the alkali fluoride solution, as well as the seat of 
a thermometer during distillation, willi the mercury bulb immersed in the liquid, L. 

Since steam distillation from a perdi/or/c acid solution requires a temperature 
of 135“C., an additional heating system is provided by die electric healing jacket, 
H. wound by Niclirome wire, fV, and covered with insulating cement. 

A set of 3 distilling units may be comeniemly joined together, as shown in Fig. 
18-40. Each apparatus is placed on an electric hot plate, which heats die steam 
generator. Each heating jacket is connected to a variable resistance mounted in 
a wooden box covered with an asbestos-cement plate. Three metal rods are fixed 
at the rear of the box; rings, R (see Fig. 18-39 (b)) holding the heating jackets are 
attached to these rods. 

Equipment for Visual Tiiraiiou.— A set of 100-mI. Nessler tubes, with poly- 
ethylene caps. 

Procedure. Preparation of the Potassium Capillary.- In the device for die prep 
aration of a glass capillary containing potassium (Fig. 18-41), potassium pellets are 
kept under kerosene in a test tube and melted on tlve heating stage. The glass 

35 Ma. T. S.. Microchein. J.. 2, 91, 1958. 

3® Available from Parr instrument Co., Moline, III. 

37 Ma, T. S., and Gwirtsman, J., Anal. Chem., 29, 1-IO, 1957. 
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capillary, of about 2-mm. diameter, is immersed in the moken metal, which is 
drawn up by the application of slight suction. The potassium in the capillaiy 
solidifies readily upon cooling. The rveight of potassium metal in the capillary 
can be found by weighing the capillary before and after filling. 




Fig. 18-39. Distilling Apparatus: (a) Complete Unit; (b) Details of Upper Part lUoDet 
part reprinted Irom .-\nal\tical Chemistry, 29, 1 II, 19,57. Copyright 19.57 by the AiiieUc-in 
Chemital Society; reprinted by perniission of the copyright owner.) 


of^mSsTunu nuorine, sodium may be used in place 

Preparation of the Sainpie.-.A 1- to 5-mg. sample (containing 0.1 to 0 5 mo- of 
Huorine) IS accurately weighed out and transferred to the Parr microbomb Solids 
are weighed by means of a microweighing tube (Fig. 18-12). Viscous liquids are 
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weighed in micro glass cups made by sealing one end of a 4-mm. glass tube. 
Volatile liquids are weighed in capillaries similar to that shown in Fig. 18-14 but 
without the air chamber. The capillary should have about a 2-mm. bore and a 
15-mm. length, with a tip of the same length and 1-mm. bore. The liquid sample 



Fic. 18-40. Assembly for Microdctcrmmatioii of Fluorine. (Rcpiiiucd with pciim’ssion 
from Miciochenncal Journal, 2, 99. 1958, John ^Viley ami Sons, Inc) 


is introduced to die previously weighed capillary by means of a s)iinge, and then 
the capillary is sealed before die final weighing. The tip of the capiUaiy is broken 
off with an ampoule cutter, and both the tip and the capillai-y are placed in the 
microbomb. The scaled capillary may be chilled iu dry ice untd ready for analysis. 

Alkali Fusion.— After placing the sample inside the microbomb, a section of die 
potassium capillary containing about 50 mg. of die alkali metal is introduced. The 
microborab is closed tightly, the copper gasket providing a resistant seal. Then 
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the microbomb is ignited over a Bunsen burner for 10 min. Upon cooling, the 
microbomb is opened and allowed to stand in the air for 5 min. The underside 
of the lid is now ivashed with fluorine-free water into a lOO-ml. beaker. A trace 
of unreactcd alkali metal in the microbomb is cautiously destroyed by adding 1 to 
2 drops of water. More water is then introduced 
to dissolve the fusion mixture and the solution is 
transferred into the 100-ml. beaker. Any adhering 
material is removed by means of a glass rod, and 
the microbomb is washed thoroughly with a jet 
of water. 

Steam Distillation from Perchloric Acid Solu- 
tion.— The contents of the 100-ml. beaker are trans- 
ferred quantitatively into the distilling apparatus, 
through a funnel with ground-glass joint fitted to 
opening Jo of Fig. 18-39. The beaker is then 
rinsed rvith 20 ml. of 70% perchloric acid, which 
is also transferred to tire still. One milliliter of 
silver perchlorate solution and 10 glass beads are 
then added. The thermometer is placed in posi- 
tion and die distillation is ready to start. The 
hot plate switch is turned on, and the opening of 
the oudet tube of the steam generator is so regu- 
lated by the screw clamp that pressure correspond- 
ing to about 25 mm. of water column in the safety 
tube is maintained inside the flask. When the 
temperature of the fluoride solution (Fig. 18-39, L), 
reaches ISO^C., the screw clamp is closed and the 
steam distillation commences. At this moment the 
variable resistance is adjusted so that the tempera- 
ture of liquid, L, is kept at 135° ± 2°C. The dis- 
tillate is received in a polystyrene container, and 
250 ml. of liquid are collected in about 45 min. 

Then the variable resistance is turned off. When a drop in temperature is 
indicated in the thermometer, the outlet tube of die steam generator is opened 
and the hot plate is switched off. 

Determination of Fluoride.— .-V suitable aliquot of the distillate (not more than 
75 ml.) is adjusted in a polyethylene beaker to pH 3.0 ± 0.05, by means of the pH 
meter and a few drops of dilute hydrochloric acid or sodium hydroxide solution. 
The solution is then transferred quantitatively into the Nessler tube. Two ml. of 
0.01% sodium alizarinsulfonate indicator solution are added, and the volume is 
made up to 100 ml. A blank is prepared in another Nessler tube containing fluo- 
rine-free water, adjusted to the same pH, and 2 ml. of the indicator. Both solutions 
are of die same green color. A measured volume of the standard thorium nitrate 
solution (prepared by dissolving 200.00 mg. of diorium nitrate tetrahydrate in water 
and diluting to 1 liter) is added from a microburet to the Nessler tube contaiiiino- 
the sample until a pronounced pink color is obtained. Exactly the same volume 
of standard thorium nitrate solution is added to the blank. Since the latter con 
tains no fluoride, the color is much darker. Now the blank is back-titrmed with 
tile standard sodium fluoride solution (containing 100 Mg. of fluorine per milliliteU 
until the color matches die sample tube under the fluorescent lamp The standard 



Fic. 18-11. Preparation of the 
Potassium Capillary. (Reprinted 
witli permission from Micro- 
chemical Journal. 2, 97. 19.58, 
John ^Viley and Sons, Inc.) 
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sodium fluoride solution is added in small increments and the contents are mixed 
by inverting the capped Nessler tube. The amount of fluoride used for the bleach* 
iiig of the lake in the blank tube corresponds to the concentration of fluoride in 
the unknown sample. 

MICRODETERMINATION OF SULFUR BY THE CLOSED 
FLASK COMBUSTION METHOD 

Princip/e.— Microtletermination of sulfur by the closed flask combustion tech 
nicjiic (see p. 389) is recommended for samples containing only carbon, h)drogen, 
oxygen, and sulfur. After the decomposttioa. sulfuric acid is obtained and deter- 
mined by titration with 0.01 N sodium hydroxide. 

Apparatus.— Sec “Microdetennination of Chlorine, Bromine, or Iodine by die 
Closed Flask Method,” above, p. 389. 

Procedure.— The steps for preparation of the sample, oxygen flask, combustion, 
and absorption are identical to those described in ‘‘Microdetennination of Chlorine, 
Bromine, or Iodine by the Closed Flask Method,” above, p. 390, except that 5 ml. 
of distilled water, instead of 0.5 AI sodium hydroxide, and 10 drops of neutralized 
hydrogen peroxide are used as the absorbent. After tlie combustion, die stopper 
and the platinum basket are rinsed with distilled water. The contents of Uie flask 
aie gently boiled for 2 min. to remove the residual hydrogen peroxide. One drop 
of 0.1% methyl red indicator solution is added and the solution is titrated with 
standardized 0.01 N sodium hydroxide solution to the pink end point. 

MICRODETERMINATION OF SULFUR. CHLORINE, OR 
BROMINE. BY THE PREGL CATALYTIC OXIDATION METHOD 

Principle.— In the Pregl catalytic oxidation method for the determination of 
sulfur or halogen, the vapor of the organic substance is mixed with oxygen and 
slowly conducted through sections of platinum metal heated to 900‘C. in a com* 
bustion tube. The resulting sulfur or halogen compounds are retained on a glass 
spiral wetted with appropriate absorbent. This method may be used for the 
analysis of low-boiling liquids and gases that are not amenable to the closed flask 
combustion technique. 

Apparatus.— The micro-combustion tube for the Pregl catalytic oxidation method 
(Fig. 18-42) is 730 mm. long, and has an inside diametei of 8 mm. One end con- 
tains a glass spiral formed around a central rod 230 mm. long. The spiral is held 


Fic. 18*42. Microcombustiou Tube for Halogen and Sulfur Determination. (Courtesy 
A. H. Thomas Co.) 


in position in the combustion lube by an indentation in tlie side wall. A combus- 
tion tube in two sections (connected by ground glass joint placed near die inden- 
tation) is recommended for multiple determinations-S* 

The combustion furnaces used in the determination of carbon and hydrogen may 


38 Deazley. C. W., Ind. Eng. aieiu.. Anal. Ed., ll, 229. 1939. 




QUANTITATIVE MICROCHEMICAL ANALYSIS 397 

be employed for heating the above combustion tube. It should be noted that the 
spiral section should protrude beyond the combustion furnace. 

The platiuuiTi catalyst lor the Pregl catalytic oxidation method, available from 
the supply house, is known as “platinum contact star” (Fig. 18-43). Rolls of plati- 
num foil about 60 mm. long, which fit the com- 
bustion tube loosely also can serve the purpose. 

Procedure. Assembling the Apparatus.— Into a 
large test tube of'30-mm. diameter and 130-mm. 18-43. Platinum Contact 

length is added a convenient volume of the appro- star. (Courtesy A. H. Thomas 
priate absorbent liquid for the determination of Co.) 

sulfur (about 10 ml. of 6% hydrogen peroxide solu- 
tion) and halogens (10 ml. of 20% sodium carbonate mixed with 0.5 ml. of satu- 
rated hydrazine sulfate solution) respectively. The constricted end of the micro- 
combustion tube is immersed in the absorbent liquid while the open end is pro- 
tected with a cotton-filled air filter. Gentle suction is applied by mouth to draw 
up the absorbent liquid until the entire glass spiral is covered. It is important 
to watch that no air is sucked into the combustion tube and that the liquid does 
not go beyond the glass spiral. Then the combustion tube is lifted up to drain tire 
absorbent liquid along the walls of the large test tube. The latter is emptied but 
need not be rinsed. 

The combustion tube is now placed on the combustion stand in such a way that 
die glass spiral proti'udes outside the combustion furnace. The large test tube is 
inserted to cover the tip of the combustion tube and part of the glass spiral. The 
cotton-filled air filter is removed and 2 platinum contact stars are pushed consecu- 
tively into die combustion tube until they are inside the long furnace. The open 
end of the combustion tube is connected, by means of a rubber stopper canning 
a fine-tapered glass tubing, dirough a bubble counter to a cylinder of oxygen. 

Combustion of the Sample.— The sample is weighed in a microboat or capillary 
as described in the determination of carbon and hydrogen (p. 372). The long fur- 
nace is switched on to maintain a temperature of 900°C., while oxygen passes 
through at the rate of 1 to 2 bubbles per sec. The rubber stopper is now removed 
to introduce the sample, which is pushed forward until it stands within 60 mm. of 
the long furnace. The rubber stopper is replaced and the combustion is started by 
placing the Bunsen burner (or short electric furnace) to the right of the sample 
and gradually advancing the burner towards the long furnace. The organic sample 
is slowly vaporized, and then enters the hot platinum contact stars where it is 
catalytically oxidized. The products formed are driven towards the wetted glass 
spiral. When sulfur is present in die sample, it usually occurs that a liquid drop, 
sulfuric acid, collects between the indentation of the combustion tube and the 
long furnace. When the combustion is finished, both the long furnace and the 
Bunsen burner are turned off. 



Gravimeti-ic Determination of Sulfate.-Gravimetric determination of organic 
sulfur is recommended when the sample contains halogen, nitrogen, or phosphorus 
After the catalytic oxidation and absorption, the sample container and platinum 
contact stars are withdrawn from the microcombustion tube. With the large test 
tube supporting the tip of the combustion tube, the latter is clamped verticLlly and 
disnl ed water is rapidly run into the combustion tube through the open end until 
the g ass spiral is entirely covered. The washing is collected in the large test tube 
and tire combustion tube is rinsed again. ° ’ 
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The contents of the test tube are quantitatively transferred to a black glazed 
crucible that has been previously weighed with the accompanying filter stick, the 
latter being now joined to tlie rubber connection of the siphon in the filtration 
apparatus, as shown in Fig. 18-44. One ml. of 10% barium chloride solution is 
added. The reaction mixture is evaporated at 100®C. on the metal block (or water 
bath) to nearly dryness in order to coagulate 



fic. 18 44. Filtration b) Porcelain 
Filter Slick (Reprinted with per* 
mission from Sieyermark, A . Quan- 
titative Organic Microanal>sis, 2nd 
Ed., Academic Press, New York. 1961.) 


tlie precipitate. Upon cooling, 5 ml. of water 
containing one drop of dilute hydrochloric 
acid are added, anci ilie solution is filtered 
through the filter stick. The residue in the 
crucible is rinsed twice with distilled water, 
Tlie crucible together with tlie accompanying 
filler stick is then dried at 125*C. on the 
metal block so and reweighed. The inaease 
in weight gives the amount of barium suh 
fate. 

Gravimetric Determination of Chloride or 
Bromide.— Occasional analysis of chlorine or 
bromine tu organic compounds can be carried 
out advantageously by using the gravimetric 
nieiliod, since it docs not require a standard- 
ized silver nitrate solution and tlie potciuio- 
metric microtitraiion assembly. After washing 
and rinsing tlic glass spiral of the combustion 
tube, as described in the preceding paragraphs, 
the halide solution is retained in the large test 
tube. Three drops of 30% hydrogen perovide 
aic added and tlie test tube is placed in a 
boiling water b.iih for 5 min. The test 
tube IS ilien placed in a beaker contain- 
ing cold w.iier. Two ml. of concentrated 


nitric acid are added, followed by 2 ml. of 5% silver nitrate solution. Pre- 
cipitation of silver halide presents a cloudy appearance. A small beaker is in- 


verted over the lest tube, the water bath is now heated to boiling. Tlien the test 
tube and its contents are allowed to cool in the water bath in the dark until the 


silver halide coagulates and settles at the bottom, leaving a clear supernatant 
liquid. Meanwiiile a filter tube is prepared, weighed and connected to the filtra- 
tion assembly, as shown in Fig. 18-45. Then die siphon tube is immersed in the 
clear liquid in the large test tube until tlie lower end is about 10 mm. above the 
precipitate at the bottom of the test tube. A layer of 95% ethanol is carefully in- 
troduced into the large test tube without disturbing the silver halide. A slight 
suction is applied to draw the liquid through the filter tube. After the aqueous 
solution has been replaced by etlianol, and with the precipitate always covered by 
some liquid, the large test tube is raised in such a way that the silver halide precipi- 
tate is conducted into the siphon tube and transferred onto the filter paper above 
the sintered glass. The large test tube and siphon are rinsed with distilled water 
and 95% ethanol successively. Then tlie siphon tube is removed. The filter tube 
and its contents are dried at I05*C. for 10 min. on the drying device,*® cooled to 
room temperature and reweighed. 

3® Ma, T. S., Kaimowitz, K., and Benedetti-Pichler, A. A., Mikrochim. Acta, 1954, 651. 

<0 Maurmeyer, R. K., and Ma, T. S., Mikrochim. Acla. 1957, 563. 
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MICRODETERMINATION OF PHOSPHORUS 
Principle.— W^hen an organic compound containing phosphorus is oxidized, the 
phosphorus is converted to phosphorus pentoxide, which dissolves in tvater to 
yield phosphate ions. For samples containing microgram amounts of phosphorus, 
the resulting phosphate is best determined colorimetrically in the form of the blue 
phosphomolybdale complex. This colored complex, hotvever, is not stable and 
hence, carefully controlled conditions are retpiired. On the other hand, the yellow- 
colored phosphovanadophosphate complex is stable and obeys the Beer’s law over 
a wide range of phosphorus concentration in the solution. Therefore, the latter is 
recommended for the microdetermination of phosphorus.-*- 
Apparatiis. IVIicro-Kjeldahl Digestion Flask.— See “Microdetermination of Ni- 
trogen by tlie Kjeldahl Principle,” p, 383. 

Spectrophotometer.— Any type. 

Procedure. Oxidation in Open Flask.— From 3 to 10 mg. of the organic sub- 
stance, corresponding to 0.2 to 1.5 mg. of phosphorus, are weighed in along-handled 
weighing tube (Fig. 18-12) or porcelain microboat, and transferred into the bottom 
of a 10-ml. micro-Kjeldahl digestion flask. After introducing 1.5 ml. of concen- 
trated sulfuric acid, 4 drops (0.2 ml.) of concentrated nitric acid are added. The 
flask is heated gently on the digestion rack until the reaction subsides. The con- 
tents of tire flask are cooled slightly, 2 more drops of concentrated nitric acid are 
added, and tire Hask is again heated with a medium flame until the solution be- 
comes clear, and sulfur trioxide fumes are evolved. The reaction mixture is cooled; 
water is added to make up the volume to about 10 ml. The contents of the diges- 
tion flask are then quantitatively transferred, with several rinsings to a 100-ml 
volumetric flask. ' 


Horecker, B. L., Ma, T. S., and Haas, E., J. Biol. Chem. 136 
■*- Ma, T. S., and Mckinley, J. D., Jr., Mikrochim. .\cta, 1953, 4 


775 


, 1940. 
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Oxidation in Closed Flask.— The procedure described under the "Kjeldahl Prin- 
ciple,” p. 384, is followed, using 10 ml. of distilled water as the absorbing liquid. 
One ml. of dilute sulfuric acid may be added to the absorbent; however, the use of 
sodium hydroxide-bromine mixture as absorbent* ** appears to have adverse effects. 
Cohen and Czech** have found that absorption of phosphorus pentoxide is slow 
in sodium hydroxide solution; Gedansky and co-workers ** have pointed out that 
the presence of bromine interferes witli a colorimetric finish and must be de- 
stroyed. After the closed flask combustion, die contents of the flask are boiled for 
10 min. in order to convert all the phosphate to the ortho-form. The solution is 
then quantitatively transferred into a 100-mi. volumetric flask. 

Colorimetric Determination of Phosphate,— A standard curve (or the yellow 
phosphovunadnniolybdaic complex is prepared as follows. Ten aliquot portions 
of the standard phosphate solution (jjrcparcd from pure potassium dihydrogen 
phosphate and containing 0.500 mg- of phosphorus per milliliter) are accurately 
measured from a microburet into separate lOO-ml. volumetric (lasks to cover the 
range from 0.10 to 2.00 mg. phosphorus. A blank is also prepared. Tiie aliquots 
are diluted to 65 ml. and arc treated with 1.4 ml. of concentrated sulfuric acid. 
Then 10 ml. of ammonium vanadate solution (prepared by dissolving 2.35 g. of 
ammonium mctavanadaic and 100 ml. of 1:12 sulfuric acid in 500 ml. of boiling 
distilled water and diluting to 1 liter after cooling) is added slowly, with continuous 
swirling, into each flask. This is followed by 10 ml. of ammonium molybdate solu- 
tion (prepared by dissolving 122 g. of ammonium molybdate tetrahydrate in 880 ml. 
of distilled water). Then the flask is filled to the lOO-ml. mark with distilled water. 
After standing for 30 min-, the yellow color is compared with dte blank, which con- 
tains all the reagents and no phosphorus, and the absorbance at 410 m;t is measured. 
A straight line is obtained by plotting absorbance (A » ~ log T) against milligrams 
of the phosphorus in the solution, and from the slope and intercept of this line, 
an equation can be derived of the form 

W^aA + 0 

that gives the weight, iV, of phosphorus in terms of absorbance, A. 

The solution containing tlie phosphate produced from the sample is treated 
exactly as the standard phosphorus solution, and its absorbance is measured at 
410 Tsi/i. The amount of phosphorus in the sample is obtained either from the 
standard curve or the above equation. Since the yellow phosphovaiiadomolyb- 
date complex is stable for many days it is advisable to develop the color solutions 
of several samples and measure their respective absorbance when convenient. It 
has been found that, when new reagents are prepared, only the intercept p of the 
equation is changed. TJierefore, it is not necessary to plot new standard curves 
from lime to time. The new value of p may be obtained by analyzing a pure known 
phosphorus compound simultaneously with the unknown sample. 

MiCRODETERMlNATION OF ARSENIC 

Princip/e.— Organically bound aiseiiic is oxidized to arsenic acid by heating with 
nitric acid in dilute sulfuric acid solution. The resulting pentavalent arsenic is 
then determined iodometrically. 

*3 belcher, R., and .Macdonald, M., Talanu, 1, 185, 1958. 

** Cohen, L. E., and CiecU, F. \V., Chemist-Analyst, 47, 86, 1958. 

*5 Gedansky, S. J., Bowen, J. E., and Milner. O. I., Anal. Chern,, 32, 1447, 1960, 
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Apparatus. Miao-Kjeldahl Digestion Flask.-See “Microcletermination of Ni- 

tro'^eii by the Kjeldahl Principle,” p. 384. 

Procedure. -The sample is accurately weighed in a long-handled weighing tube 
or a microboat, and transferred to the bottom of die micro- Kjeldahl digestion flask. 
One ml. of 307o sulfuric acid is added to cover the sample, and the digestion flask 
is <^ently heated on the stand. A few drops of concentrated nitric acid are added 
to Lcilitate oxidation. If the contents of the digestion flask do not clarify in 10 
min., indicating incomplete destruction of the organic matter, the digestion flask 
is removed from the stand. After cooling slightly, a few drops of S0% hydrogen 
peroxide are added (Caution!) and the reaction mixture is again gently boiled. 
This operation may be repeated until the solution becomes colorless. Then the 
contents of the digestion flask are evaporated until sulfur trioxide fumes are 
evolved. Upon cooling, 1 ml. of distilled water is added and the contents of the 
Husk are quantitatively transferred to a 125-ml. iodine flask. Twelve ml. of concen- 
trated hydrochloric acid are added, followed by 1 ml. of freshly prepared 10% 
potassium iodide solution. The iodine flask is stoppered and its contents thor- 
ouglily mixed. After standing for 3 min., the iodine that is liberated is titrated 
with standardized 0.01 N sodium thiosulfate. The starch indicator is added when 
tire color of the solution becomes very faint, and titration is continued until the 
blue color disappears. A blank should be run for the reagents used and sub- 
tracted. 


MICRODETERMINAl'ION OF METALLIC ELEMENTS 
IN ORGANIC COMPOUNDS 

Principle.~\Vith a few exceptions (e.g., orgatio mercury, arsenic, and osmium 
compounds) an organic sample containing metallic elements leaves a residue in the 
microboat when it is analyzed for carbon and hydrogen, or for halogens and sulfur 
by the Pregl catalytic oxidation procedure. It is always advisable to weigh and 
investigate such residue after the combustion. Besides providing information as 
to the retention of carbon, sulfur, or halogens in the sample container (thus leading 
to erroneous results), the metallic element often may be determined directly in the 
microboat without utilizing a new sample. 

Metals that can be determined as residue (known as ash) after the destruction 
of the organic material are divided into 3 categories: (a) metals that are stable in 
the free state, e.g., platinum, gold, and silver; (b) metals that form stable oxides 
but not sulfates, e.g., copper, iron, and silicon; and (c) metals that form stable 
sulfates, e.g., sodium, potassium, calcium, and barium. The reagent employed 
for the determination depends on the ash desired, as described in tire procedure 
below'. 

Apparatus. For Ashing in Miaoboat.— A microcoinbustion tube (Fig. 18-46) may 
be used. 

For Ashing in Microcrucible.— .A 1.5-ml. capacity platinum microcrucible, fitted 
with platinum lid is desirable, although porcelain ware also may serve the purpose. 

Procedure. When Microboat is Employed.— The organic substance is accurately 
weighed in a platinum microboat. If the sample is obtained after combustion 
(such as in carbon and hydrogen analysis), and tliere has been no spattering of 
the contents of the microboat, the latter is removed from the microcombustion train 
and rewetghed. In either case, the microboat containing the sample is placed on 
the metal block of the microdesiccator (Fig. 18-17). About 20 /xl (half a drop) of 
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the oxidizing agent are introduced by means of a fine capillary. Dilute nitric acid 
(1:1) is used for determination of tl\e metallic element as free metal or oxide; 20% 
sulfuric acid is empIo>ed for determination as sulfate. The acid should be added 
along the walls of the microboat and should just wet the sample. The microboat is 



then placed inside the inicrotombustion tube as shown in Fig. 18-48. The wide 
end of die combustion tube is connected to a demonstration bottle of ox)gen, while 
the constricted end is joined, through a rubber tubing, to a bent tube with a 
capillary lip immersed lu waici. A slow current ol oxygen is passed ilirough the 
combustion tube while the microlioat is gradually heated to prevent spattering of 
the sample. After the acid lumes have been driven olT. the microboat is heated at 
high temperature. Upon cooling, the microboat is withdrawn and weighed with 
the ash. This process of adding acid, heating, and weighing is repeated until there 
is no change in weight of the coiuciits of the microboat. The percentage of metal 
present in the original sample is then calculated 
from the weight of the ash and its chemical com- 
position. 

Some metals, such as nickel, do not form stable 
sulfates, and give oxides of indefinite compo- 
sition. A convenient way to determine such a 
metallic element is through the combination of 
oxidation with a subsequent reduction process. 
After the mixed oxides are obtained as described 
in the hast paragraph, the bottle of oxygen is ex- 
changed vvidi hydrogen. Hydrogen is passed 
through the combustion tube for a few minutes 
to displace all oxygen in the lube. Then a small flame is placed under the micro- 
boat, and the oxides are converted to die free metal, precautions should be taken 
to prevent the exhaust hjdrogeii from catching fire. 

When Microcrucible is Employed.— The platinum niiciocrucible is the equip- 
ment of choice for the determination of metals in organic materials because it is 
much deeper than the microboat and has a wider bottom. The sample is weighed 
into the bottom of the microcnicible, whidi has been previously weighed with its 
lid. The crucible is then seated on a latge platinum crucible cover supported on a 
sdica triangle. A microdrop of the oxidizing acid is added along the walls and 
the microcrucible lid is replaced. A very small flame is applied to the side of the 



lie 18-17. Determination of Metal 
in a Miciocrucible. 
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microcrudble (see Fig. 18-47). When no more acid fumes escape through the lid, 
tlie burner is shifted to a position under the large platinum crucible cover to heat 
the bottom of die microcrucible with a strong flame for two min. The crucible, 
lid, and ash are weighed upon cooling. This process is then repeated. If dupli- 
cate analsyis is desired, another sample may be weighed into the microcrucible 
witliout removing the ash. 

MICRODETERMINATION OF MERCURY 
Principle.— The microdetermination of mercury is based on its volatility. The 
organic material is decomposed by heat in a combustion tube and the vapors are 
conducted through a section of calcium oxide, maintained at 700°C. The mercury 
vapor is dien driven into a small tube packed with gold, retained as amalgam, and 
weighed. 

Apparatus.— The combustion assembly is shown in Fig. 18-18. The inicrocombus- 


To 

Mariolle 

Flask 


Glass Fiber Paper 



Fig. 18-48. Assembly for Microdetcrminalion of Mercury. 


tion tube is packed with a column of gianular calcium oxide about 120 mm. long, 
held between 2 pieces of glass fiber paper.^*^ A 50-mm. long glass rod with flattened 
ends provides an empty space between the combustion furnace, which heats the 
section of calcium oxide only, and the constricted end of the combustion tube. 
The wide end of the combustion tube is connected to the air iiolder through a 
bubble counter— U-tube (Fig. 18-21 D). 

The absorption tube for mercury is 80 mm. long and 8 mm. in diameter. It is 
drawn out to a tip 3 mm. in diameter and 20 mm. long. A 40-mm. layer of 
shredded gold leaf is packed at the end. The tip of the absorption tube is con- 
nected to the Mariotte bottle (Fig. 18-21 K). 

Procedure.— The sample (5 to 10 mg.) is weighed in a porcelain or silica micro- 
boat and introduced into the combustion tube to within 50 mm. of the calcium 
oxide. With the section of calcium oxide maintained at 700°C., a slotv current of 
thy air is passed dtrough the combustion tube while the leveling tube of the 
Mariotte bottle is lowered to produce a suction effect on the absorption tube. In 
this way die vapors coming out of the combustion tube will be drawn through the 
gold-packed absorption tube, which was previously weighed. ° 

h noiv gradually moved forward until the vapors have dis- 
1 led into the calcium oxide layer, where all sulfur and halogens are retained, and 
le mercury passes into the cool, empty part of die combustion tube. 

Vith a piece of clean, wet cloth placed over the absorption tube, a small flame 

« carehilly applied to the constricted end of die combustion tube so tliat all mer- 

iry is driven into the absorption tube and converted into gold amalgam. After 

through the absorption tube, it is detached, iviped 

mm " ^ desiccator containing silica gel with indicator for 30 

mm-, and reweighed. 

Ma, T. S., and Benedetti-Pichler, A. A., Anal. Chem., 25, 999, 1953. 
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MICRODETERMINATION OF ORGANIC FUNCTIONAL GROUPS 

MICRODETERMINATION OF THE CARBOXYL GROUP 
BY AQUEOUS ACIDIMETRY 

Piinciple.—The carboxyl group may be determined by titration with O.OI N 
aqueous sodium hydroxide in the absence of carbon dioxide. 

R— COOH 4- NaOH -> R— COONa + H^O 
Alcohol is used as solvent for Uie sample, and 
also to suppress the hydrolysis of the sodium car- 
boxylate. 

Apparatus. Microbureis.—The Pregi miao- 
burei with automatic zero arrangement (Fig. 18- 
49) has a capacity of 10 ml., and is graduated in 
0.05 ml. (Microburets with lO-ml. capacities and 
0.02-ml. graduations are available from European 
supply houses.) The rcser\oir has 1-Hier capac- 
ity. A set of 2 microburets can be convenietuly 
placed on one stand. One nticroburet is for 
standard solution of 0.01 N hydrociiloric or sul- 
furic acid or potassium biniodate; the other is 
for 0.01 N sodium hydroxide. The stopcock for 
dclhcry of sodium hydroxide should be made of 
Teflon: if this is not available, the stopcock 
should be replaced by a rubber connection carry- 
ing a glass bead or a pinch clamp (as shown in 
the figure). 

Procedure.— The sample, containing 0.05 to 0.1 
nhlli-equivalent of carboxyl group, is accurately 
weighed, by means of the weighing tube (Fig. 
18-12) or a niicroboat, into a 50-ml. Erlenmeyer 
flask. Five ml. of 50% ethanol, which was pre- 
viously neutralized, are added, followed by two 
drops (0.06 ml.) of 1% phenolphlhalein indicator 
solution. The solution is brought to boiling over 
a small flame, and then titrated while warm with 
Uie standardized 0.01 N sodium hydroxide. The 
Tig. 18-49. Pteg! Microburets contents of the flask are boiled again near the 
(Courtesy A. H. Tlioiiias Co.) point, and the titration is completed when 

a faint pink color persists for 30 sec. In case die 
solution has been over-titrated, I.OO ml. of the standardized 0.01 N hydrochloric 
acid is introduced and then back-titrated with the 0.01 N sodium hydroxide to the 
faint pink end point. 

MICRODETERMINATION OF THE HYDROXYL GROUP 
BY ACETYLATION 

Principle.~-The hydroxyl group is usually determined by acetylation widi a 
known excess amount of acetic anhydride in a sealed tube. 

R~OH -P (CH3C0),0 -* CH,— COOR -f CH3COOH 
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Pvvidine used as the solvent, also serves to drive the reaction to completion by 
Lmbini^g with the liberated acetic acid. After the esterification, the excess o 
acetic anhydride is hydrolyzed by adding water to the reaction mixture. The total 
amount o/acetic acid in the resulting solution is then determined by titration with 

standardized sodium hydroxide solution. 

Abbaratus. Reaction Tubes.-The reaction tubes are prepared as follows: a 
piece of 6-mm. soft glass tubing, about 140 mm. long, is heated at the centei unti 
the glass softens; it is then pulled apart rapidly; the drawn out section is cut oh 
at a point where the tubing has narrowed to about 2 mm. in diameter; this end is 
dosed in the flame to form a ronnd bottom; 2 reaction tubes, each about 60 mm. 
long, are constructed from a length of glass tubing. One tube is used to hold the 
sample, while the other tube serves as the blank. 



Fig. 18-50. The Capillary- 
and-Plunger Technique for 
Introducing Solid Sample. 
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Fic. 18-51. Sealed Reaction Tube for 
.Micro -Acetylation. 


Procedure. Preparation of the Sample.— The reaction tube is placed in a stand 
or small beaker and weighed to ±0.01 mg. If the sample to be analyzed is a solid, 
it is introduced by the capillary-and-plunger technique as shown in Fio-. 18-50. The 
capillary is pushed into the pulverized sample so that an amount coiuaining about 
0.1 milli-equi valent of hydroxyl group is trapped inside. The outside walls of 
capillary are wiped with a small brush. Then the capillary, with the sample, is 
carefully lowered into the previously weighed reaction tube until the tip of the 
capillary is about 5 mm. from the bottom of the reaction tube The sample is 
pushed out by means of the plunger and the capillary, together with the 

plunger, is carefully withdrawn. The increase in weight of the reaction tube is 
recorded. 

If the sample is a liquid it is delivered into the previously weighed reaction tube 
by means of a syringe with a long needle. Care should be taken so that no liouW 
touches the upper walls of the reaction tube. tiquicl 
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Aceiylation.— After the sample has been weighed into the reaction tube, a 
volume of tlte aceiylating agent (prepared by mixing 10 ml. of reagent grade acetic 
anhydride with 30 ml. of reagent grade pyridine), estimated to be about 200 mole- 
per cent in excess, is introduced by means of a long capillary pipet. The increase in 
weight of the reaction lube is again noted. The reactioji tube is then sealed to form 
a tapered tip about 20 mm. long (Fig. 18-51). A blank containing tlie same amount 
of acetylatitig agent is prepared in the second reaction tube, which is weighed and 
sealed. The 2 sealed tubes are inverted several times to mix tlie contents. They 
are now heated in a boiling water bath for 1 hr. and then cooled to room temper- 
ature. 

Titration.— The sealed reaction tube is opened in the following manner: with 
a glass cutter, a line is scratched on d\e tube about 20 mm. from tl\e tip; the tube 
is cracked by toudiing a hot glass bead on die scratch; the tip is dropped into a 
50 ml. Erlenmeyer flask containing 5 ml. of distilled water; the contents of the re- 
action tube are emptied into the same Erlenmeyer flask, and die tube is rinsed 
with 1 ml. of distilled water; another scratch is made near the closed end of tlie 
reaction tube, which is again cracked with a hot glass bead; die remaining pans 
of die reaction lube are all dropped into the Erlenmeyer flask; the Erlenmeyer 
flask is then swirled to effect complete hydrolysis of the residual acetic anhydride; 
2 drops (0.08 ml.) of 1:3 cresol red-thymol blue mixed indicator solution are added, 
and the contents of the flask arc titrated with standardized 0.05 N cthanolic sodium 
hydioxide. The end point is indicated by a color change from yellow to blue. 

MICRODETERMINATION OF THE ALKOXYL GROUP BY 
HYDROGEN IODIDE CLEAVAGE 

Principle.^The alkoxyl group is separated from the rest of the organic molecules 
on heating the sample with hydriodic acid, giving rise to a hydroxy compound and 
an alkyl iodide. 

R— O— R" + HI -> R'OH + RI 

The alkyl iodide is separated from tlic reaction mixture by virtue of its ^olatility. 
The vapor is then absorbed in acetic acid containing bromine, which oxidizes the 
iodide to iodic acid. The determination is finished titrimetrically through the 
liberation of iodine, and titration of tlie liberated iodine with 0.05 N sodium 
thiosulfate. 

Apparatus. Micro Alkoxyl Aj»paratus.— The apparatus*^ recommended by the 
Committee on Microcheraical Apparatus, Division of Analytical Chemistry, Ameri- 
can Chemical Society (Fig. 18-52), is composed of 4 parts: (a) tlie round reaction 
flask; (b) the condenser with scrubber; (c) die delivery tube; and (d) the receiving 
tube. This apparatus is suitable for the determination of methoxyl and ethoxyl 
groups but not for higher homologs. 

Procedure. Preparation of the Apparatus.— The receiving tube is filled with 5 
ml. of acetic acid containing 10% sodium acetate. Six drops of bromine are added 
and die apparatus is assembled (as shown in Fig. 18-52). The scrubber is filled with 
equal volumes of 5% cadmium sulfate and 5% sodium thiosulfate solutions. 

Preparation of the Sample.— The sample is accurately weighed, by means of die 
weighing tube or microboat, into the reaction flask. A small crystal of phenol and 
0.2 ml. of propionic anhydride are added as solvent. With die side arm of tlie 

Steyermaik. A., et al., Anal. Chetn., 28, 112, 1956. 
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Fig. 18-52. Micro Methoxyl-Ethoxyl Apparatus. (Courtesy A. H. Thomas Co.) 


lowered. The delivery tube is disconnected and rinsed with a little distilled water. 

Titration.— jA 125-ml. iodine flask containing 5 ml. of 10% sodium acetate in 
acetic acid is placed under the receiving tube. The stopper at the bottom of the 
receiving tube is carefully detached to allow the contents of the receiving tube to 
run into the iodine flask. The receiving tube is thoroughly rinsed with distilled 
water and the rinsings are collected in the iodine flask. The flask is swirled to mix 
the contents. Formic acid is now added dropwise until the bromine color just 
vanishes. The iodine flask is stoppered and shaken occasionally during the addi- 
tion of formic acid. Then 2 ml. of 10% potassium iodide solution are introduced, 
followed by 3 ml. of 10% sulfuric acid. The iodine flask is stoppered, shaken, and 
allowed to stand for 5 min. The liberated iodine is now titrated with the standard- 
ized 0.05 N sodium thiosulfate to the starch end point. 
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MICRODETERMINATION OF THE ACYL GROUP 
BY ION EXCHANGE 

Pritxciple.—Thc acyl group in esters anti amides is liberated by hydrolysis in 
alcoholic sodium hydroxide solution followed by exchange with a strongly acidic 
resin. 

R— COOR' A NaOH -*■ R— COONa A R'OH 
R— CONHR' A NaOH -» RCOONa A R'NH; A H 2 O 
R— COONa A Resin— SOjH -» R— COOH A Resin— SOjNa 

The free carboxylic acid in the eluate is then determined by titration with standard 
0.02 N sodium hydroxide solution. 

Apparatus. Ion-exchange Column-— The ordinary 10-ml. buret, which has O.l-ml, 
graduations, and has a length of 150 nim. and bore of 10 mm., is suitable as the 
ion-exchange column. 

Procedure. Preparation of the Ion-exchange Column.— The bottom of the iou- 
exchange column is packed with a 3-mm. layer of glass wool, and the buret is 
clamped on a stand. A suspension of 1 g. of Ambetlite lR-120 (or other sulfonic 
acid type resin) in 20 ml. of dilute hydrochloric acid is transferred into tlie column 
to give a resin bed about 80 mm. long. The resin is covered with another layer 
of glass wool and then washed with distilled water until the eluate is free from 
hydrochloric acid as shown by Uie silver nitrate test. The resin beads should be 
covered with liquid all the time, and the ion-exchange column should be stoppered 
when not in use. 

Preparation of the Sample and its Hydrolysis.— A sample containing about 0.1 
milli-equivalent of die acyl group is accurately weighed and transferred into die 
bottom of a 10 by 75 mm. test tube (preferably witliout ilange). One ml. of n-amyl 
alcohol is added, followed by 0.10 ml. of the alkali reagent (prepared by dissolving 
3.6 g. of reagent grade sodium hydioxule in 30 ml. of n-aniyl alcohol). The test 
tube is dien sealed to form a tapered lip (sec Fig. 18-51). 

The sealed tube is placed in a metal block and heated at 150*C. for 1 hr. After 
cooling, the tip of the tube is opened by a sharp flame to release die gas pressure. 
A scratch is made on llic upper part of the tube, a drop of water is placed on the 
scratch, and the top of the tube is broken off by applying a hot glass head on the 
scratch. 

Liberation and Titration of the Free Carboxylic Acid.— To the test tube con- 
taining the above reaction mixture are added 3 ml. of a solvent containing 4 parts 
of isopropyl alcohol and 6 parts of water. The contents of the test tube are mixed 
by swirling and then transferred quantitatively into the ion-exchange column, the 
stopcock of the column being closed. The test tube is rinsed 3 times with 2-iti1. 
portions of the same solvent, and the rinsings are transferred into the ion-exchange 
column. Then a 125-ml. Erlenmcyer flask is placed under the ion-exchange column 
and the stopcock is opened so tliat tlie eluate runs into the flask at the rate of I 
to 2 ml. per min. Five ml. of the waier-isopropyl alcohol mixed solvent are added 
into the ion-exchange column when tlie liquid level inside the column approaches 
the glass wool above the resin beads. This process is repeated 3 times before the 
stopcock is closed. About 25 ml. of eluate will have been collected. 

The free carboxylic acid solution collected in the Erlenmeyer flask is titrated as 
follows: if the eluate is colorless, 4 drops of 1% phenolphthalein indicator arc 
added, and the solution is titrated with the standardized 0.02 N sodium hydroxide 
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until a faint pink color appears and persists for 30 sec. If the eluate is slightly 
vellow 4 drops of a mixed indicator containing 1 part of 0.1% aqueous cresol red 
and 3 parts of 0.1% aqueous thymol blue are added, and the solution is titrated wit i 
the standard alkali until its yellow color turns bluish violet. 


microdetermination of the saponification 
NUMBER OF AN ESTER 

Principle— The ester is saponified by heating with a known amount of potassium 
hydroxide in an organic solvent in a sealed tube. 

RCOOR' + KOH RGOOK + R'OH 

The residual alkali is then detennined by titration widi standardized liydrochloric 
acid solution. The saponification number is the weight in milligrams of potassium 
hydroxide that would have been consumed by 1.00 g. of the sample. 

Apparatus. Reaction Tube.— The reaction tube is prepared from 8-mm. boro- 
silicate glass tubing in the manner described previously in “Microdetermination of 
the Hydroxyl Group by Acetylation,” p. 405. 

Procedure.— The reaction tube is placed on a stand and weighed to ±0.01 mg. 
The sample is introduced, by means of the capillary and plunger (Fig. 18-52) for 
solids, or by the use of syringe for liquids, to the bottom of the reaction tube and 
reweighed. The amount of sample taken should consume 0.1 to 0.2 milli-equiv- 
alent of potassium hydroxide. Then exactly 1.00 ml. of 1 N potassium hydroxide 
in diethylene glycol solution is carefully introduced from a pipet, and the reaction 
tube is sealed in die oxygen flame. Using the same pipet, exactly 1,00 ml, of the 
same potassium hydroxide reagent is added to the bottom of a blank tube, which 
is also sealed. 

Bodi tubes are now placed in the metal block and heated at 150‘’C. for 2 hr. 
After cooling to room temperature, the respective tubes are opened. The con- 
tents and the sections of the reaction tube and die blank tube are transferred into 
two 50-mI. Erlenmeyer flasks, each containing 15 ml. of distilled water. Four drops 
of 0.1% phenolphthalein indicator solution are added to the respective flasks, and 
the solutions are titrated with standard 0.05 N hydrocliloric acid until the pink color 
disappears. The difference between the titre of the blank and that of the reaction 
tube gives the amount of potassium hydroxide consumed by the sample. 


MICRODETERMINATION OF THE CARBONYL GROUP 
BY HYDRAZONE PRECIPITATION 
Principle.-The carbonyl group is quantitatively precipitated as the 2,4-dinitro- 
phenyl liydrazone of the parent aldehyde or ketone in a suitable medium of con- 
trolled pH. 


R 

\ 

C=0 + HaNNHCeHaCNOo)^ 
R' 


R 


\ 

^G=NNHG6H3(N03)2 + HoO 
R' 


The supernatant liquid is 
The precipitate is retained 


separated by inverted filtration through a 
in the reaction vessel, dried and weighed.-is 


«Ma, T. S., Logun. J.. and Mazzella, P. P., Microchem. J., 1, 67, 1957 


filterstick. 
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Apparatus. Reaction Vessel and Filterstick.— The apparatus for the micro- 
precipitation and determination of the carbonyl group is shown in Fig, 18-53. A 
short test tube, of 23-mm. I.D., 100 mm. length, and 35-ml. capacity, senes as the 
reaction vessel. The filierstick, of 120 mm. lengtl), is prepared from 4-mm. glass 
tubing {I.D., 2 mm.) by making a capillary constriction about 10 mm. from the 

bottom. The bottom of the filterstick 
is fitted wiilv a tiny roll of filler paper, 
the end of which protrudes 1 mm. be- 
yond the filterstick as shown in the 
figure. The reaction sessel and the 
filterstick are placed in a 30 ml. beaker, 
and the 3 pieces are always weighed to- 
gether. 

Procedure, Preparation of the Sam- 
ple.— If a double-pan microbalance is 
used, tlie dry reaction vessel, filterstick, 
and beaker are placed on the left pan 
of the balance. A second beaker and a 
sliort test tube of the same dimensions 
are placed on the right pan, and then 
lead sliots (see Fig. 18'S(b)) are added 
into tire beaker until tlic 2 sides arc balanced, with tlie rider sitting between the 
0- and 5-mg. marks. After the exact weight has been recorded, the sample is intro- 
duced into the reaction vessel. Solid samples arc directly added into Uie reaction 
vessel with the miaospatula. Semi-solids and oils are weighed in a miaoboat, 
which is pieweighed wiilt die beaker, reaction vessel, and filieisiick. and the micro- 
boat containing the sample is dropped into the reaction tube after the weighing. 
Low-boiling liquids are weighed in a microweighing bottle (Fig. 18*13). Five to 15 
mg. of the sample (corresponding to between 0.05 and 0.15 milU-equivalent of tlie 
carbon)! group) are taken and weighed accurately to stO.Ol mg. 

Precipitation, Filtration, and Diying.— The beaker, containing the sample, filter- 
stick, and reaction vessel, is removed from liic balance. Four ml. of methanol are 
introduced to dissolve die sample. Twenty ml. of the reagent solution (prepared 
by dissolving 0.2 g. of 2,4-dinittophen)lhydrazine and I g. of oxalic acid in 100 ml. 
of methanol) are added by means of a pipet. The contents of the reaction vessel 
are ilioroughly mixed by gently swirling. Fifteen min. after the appearance of the 
precipitate, the reaction tube is removed from the beaker and placed in an ice 
water bath for I hr., or until the precipitate settles at the bottom. The reaction 
vessel is then vviped and returned to the 30-ml. beaker. The filterstick is now con- 
nected through a rubber tubing to die siphon, which leads to the filtrate receiver 
(see Fig. 18-53). The latter consists of a sliort test tube of 35-mI. capacity, fitted 
with a 2-hoIed rubber stopper, vvitli one hole carr)’ing a glass tubing joined to die 
aspirator. The filterstick is placed inside Uie reaction tube in sudi a position 
that the end of the filter paper roll is just above die precipitate. The supernatant 
liquid is drawn oif fay applying slight suction; small amounts of methanol are used 
to wash die precipitate free of the reagent. When die liquid passing through die 
siphon becomes colorless, the washing is complete. The precipitate, filterstick, re- 
action vessel, and beaker are then dried at 75'‘C. to constant weight. 



Fm. 18-53. Reaction Vessel and Filterstick. 
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MICRODETERMINATION OF THE PEROXY GROUP 
BY IODINE OXIDATION , 

Principle.-ln the presence of ferric ions as catalyst, alkali iodide is readily oxi- 
dized by the organic peroxy group to liberate iodine in acetic acid solution. 

RCO— O 2 — OCR + 2NaI -> I 2 + 2RCOONa 

The iodine is then determined by titration with 0.02 N sodium thiosulfate solution.'**’ 

Apparatus. Reaction Vessel.-A 50-ml. Erlenmeyer flask, with ground glass 
stopper, is used as the reaction vessel. 

Procediire.-Three to 15 mg. of the organic peroxide are weighed accurately into 
a 50-ml. Erlenmeyer flask provided with glass stopper. Three ml. of cliloroform 
to dissolve the sample are added, followed by 3 ml. of glacial acetic acid containing 
0.002% of ferric chloride. The Erlenmeyer flask is flushed with nitrogen while 
its contents are swirled, and the stopper is replaced immediately. The stopper is 
then raised sufficiently to permit the addition of 0.15 ml. (3 drops) of saturated 
aqueous sodium iodide solution from a medicine dropper. The stopper is replaced 
and again the flask is swirled for complete mixing. After allowing the reaction 
mixture to stand in darkness for 5 min. at room temperature, 10 ml. of distilled 
water are added and the iodine liberated is titrated widi standardized 0.02 N sodium 
thiosulfate, until dre soluuon lightens to pale yellow. At this point, 1 ml. of starch 
solution is added and the titration continued to a colorless end point. A blank 
determination is run using the identical procedure and the same amounts of rea- 
gents but without the sample. 

MICRODETERMINATION OF THE ADJACENT DI-OL GROUP 
BY PERIODATE OXIDATION 

Principle.— Ti\Q adjacent di-ol group is specifically oxidized by potassium pe- 
riodate in dilute sulfuric acid solution. 

RCHOH-CHOHR + KIO 4 -f H. 2 S 04 -> 2RCHO + HIO 3 + KHSO 4 + H.O 

The sample is treated with a measured amount of the periodate reagent. After 
the oxidation is completed, the acidic solution is partially neutralized, and a known 
volume of standardized sodium arsenite solution is added to react with the resid- 
ual periodate. The excess of arsenite is titrated with 0.025 N iodine solution usino- 
starch as the indicator. 

Apparatus. Reaction Flask.-Either a 75-ml. Erlenmeyer flask with ground o^lass 
stopper, or 125-ml. iodine flask, may be used as the reaction flask. ° 

Magnetic Stirrer.— Any type may be used. 

Procedure.-lnto each of two reaction flasks are added 5.00 ml. of the periodate 
reagent solution (prepared by dissolving 11.5 g. of potassium meta-periodate in 
500 ml. of 0.2 AT sulfuric acid and diluting to 1 liter). The sample, containing about 
0.1 milli-equivalent of the adjacent di-ol group, is accurately weighed into 1 of the 2 
reaction flasks, the other flask being used for the blank determination Both flasks 
are stoppered and the contents shaken occasionally. After the oxidation is com- 
pleted (30 mm. for simple 1,2-glycols; 1 hr. for monosaccharides; 90 min for com 
plex glycols), the stopper of the reaction flask is removed, and the magnetic stirring 

^9 Ma, T, S., and Gerstein, T., Microchem. J., 5, 163, 1961. 
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bar is placed in the solution. Five ml. o! saturated sodium bicarbonate solution 
are introduced while the contents of the flask, are stirred vigorously. Exactly 10.00 
ml. of standardized 0.06 N sodium arsenite are added, followed by 0.5 ml. of 20% 
potassium iodide solution and 2 g. of anhydrous sodium bicarbonate. Both the 
sample and the blank are allowed to stand for 15 min. with occasional agitation. 
The starch indicator solution (0.2 ml.) is then introduced and the respective con- 
tents of the 2 flasks are titrated wiili die standardized 0.025 N iodine solution while 
the reaction mixture is stirred magnetically. The end point is die appearance of a 
faint blue color. 

MICRODETERMINATION OF THE PRIMARY AMINO GROUP 
BY NJTROSATION 

Principle.—The aliphatic primary amino group rexicts widi nitrous acid to liberate 
one mole-equivalent ol nitrogen. The latter is collected in a nitrometer and 
measured. 


R— NHj -f HNOi -* N 2 + ROH + HjO 

Nitrous acid is obtained by mixing sodium nitrite with acetic add; cupric cliloride 
and potassium bromide are added as catalysts for the nitrosation reaction. 

Apparatus. The Primary Amino Group Assembly.— This is shown in Fig. 18-54. 
It consists of the carbon dioxide generator. L, reaction vessel, /, 2 scrubber tubes, 
E and F. and the nitrometer, B, which has a capacity of 5 ml., and is graduated in 
0.02 ml. 

Procedure. Preparation of the Apparatus and Sample.— The ball-and-socket 
joints of the assembly are lubricated wiUt a trace of stopcock grease and connected 



Fig. 18-54. Assembly for MicTodctciniiiiatiuii of the Primary Amino Group- 


as shown in Fig. 18-54. The thermos bottle, L, is filled with crushed solid carbon 
dioxide and the stopcock, K, is opened to let carbon dioxide escape to the atmos- 
phere until the carbon dioxide generator is free from trapped air. The nitrometer, 
B, is filled with mercury and 50% potassium hydroxide solution. A pinch of 
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mercuric oxide and a half-inch flat-headed nail are placed on top of the mercury. 

The scrubber tube, F, is filled to three-quarters of its length with the potassium 
bromate reagent solution (prepared by dissolving 5 g. of potas^^sium bromate in 
75 ml. of distilled water and diluting with 150 ml. of 50% sulfuric acid). This 
reagent serves to remove the nitrous oxide produced by the decomposition of 

nitrous acid. , . , 

The scrubber tube, £, is filled with a solution of 40% aqueous sodium thiosul- 
fate, which absorbs any bromine produced from the bromate. 

The sample containing about 0.1 milli-equivalent of primary amino group is 
accurately weighed into the reaction vessel, J. One ml. of acetic acid-sodium acetate 
mixture (containing 1 g. of sodium acetate trihydrate in 12.5 ml. of acetic acid and 
37.5 ml. of distilled water) is added to the reaction vessel by means of a pipet. The 
contents of the vessel are mixed by swirling until the sample goes into solution. 
Then 1 ml. of 10% aqueous potassium bromide solution and 1.5 ml. of 25% cupric 
chloride solution are added and the neck of the reaction vessel, J, is affixed. 
Twenty ml. of the sodium nitrite reagent solution (1% stock solution diluted with 
2 parts of distilled water before use) is delivered into the funnel, H. 

Purging the Assembly.— With the leveling bulb. A, placed in the lower position 
to keep tlie level of potassium hydroxide at the wide part of the nitrometer, the 
assembly is purged free of air in the following manner: the stopcocks, C and D, 
are closed and stopcocks G. /, and K are opened, so that carbon dioxide escapes 
through G. After 2 min., G is closed and D opened. After 2 more min., D is 
closed and C is slowly opened to let carbon dioxide escape through the nitrometer. 
If the system is free of air, the bubbles forming at the bottom of the nitrometer 
should practically disappear before they reach the surface of the potassium hydro.x- 
ide solution. Now the stopcock, C, is closed and the leveling bulb. A, is raised to 
fill the nitrometer, B, ivith potassium hydroxide solution. The stopcock on top 
of die nitrometer is closed and the leveling bulb. A, is placed in a position about 
the middle of the nitrometer. The stopcock, C, is then carefully opened so that 
not more than 3 to 4 bubbles will stay in the whole length of the nitrometer. 
After 2 min., the nitrosation reaction is ready to proceed. 

Nitrosation.— The stopcock, K, of the carbon dioxide generator is turned to a 
position so that no gas escapes into the reaction vessel, J, or into the atmosphere. 
Then the stopcock, I, above the reaction vessel, J, is opened to deliver 1.0 ml. of 
die sodium nitrite solution into the reaction vessel. Gases are liberated as the 
nitrosation reaction takes place. The leveling bidb, A, is lowered, if necessary, 
to conduct the gases into the nitrometer smoothly. When no more gas is evolved, 
0.2 ml. of the sodium nitrite is introduced into the reaction vessel, J, to check if 
there was sufficient nitrite to react with all the primary amino group. 

Measurement of Niuogen.-Tlie stopcock, C. is closed and stopcock, K, is turned, 
to allow carbon dioxide to go into the reaction tube, J. Now stopcock, C, is care- 
full opened so that a stream of gases goes into the nitrometer. The speed of “as 
flow is adjusted in such a way that not more than 4 bubbles stay in the nitrometer 
at one time. When all gas bubbles are absorbed, on rising along the nitrometer 
stopcock, C, IS closed. The leveling bulb is held in a position so that the meniscus 
of the potassium hydroxide solution in the bulb is at the same level as that inside 
e nitrometer. Then the volume of gas in the nitrometer is measured, and the 
oom temperature and barometer readings are recorded. 
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MICRODETERMINATION OF THE NITRO GROUP BY 
REDUCTION WITH TITANOUS CHLORIDE 
Pi »>!cipIe.~The aromatic liiiro group is quantitatively reduced by titanous chlo- 
ride in acid solution. 

ArNOj + 6TiCls + 6Ha ArNHj -f- 6TiCli + 2 H 2 O 
The sarnple is treated with a known amount o£ 0.04 N titanous chloride solution. 
After the reduction is complete, the residual titanous ions are determined by 
titration with standardized 0.035 N ferric alum solution.®® 

Apparatus- Apparatus for Titanous CItlorule Microtiiration.— Because of the 
susceptibility of titanous cliloride to air oxidation, a special assembly is needed for 
the microdetermination of the nitro group. The apparatus shown in Fig. 18-55 




Fig. 18-55. Apparatus for TiCIs Mi- Fic. 18-56. The TiCJj Reaction Flask 

croiitration. (Courtesy Microcliim. Connected to the Microbiirec. (Cour- 

Acta.) tesy Miciochim. Acta.) 


consists of the nitrogen train a, b, c, reaction flask, d, and microburet, e. The 
latter is constructed from a 10 ml. Machlett microburet by replacing its tip with 
a ground glass joint having a drip tip of 20-mm. length (Fig. 18-56). The 1-liter 
storage bulb of tlie microburet is covered with aluminum foil to protect the titanous 
drloride solution from light. 

The reaction flask is constructed from a 50 ml. Erlenmeyer flask having a ground 
glass joint. It is provided with 2 side arms, each 25 mm. in length. One side aim 
has an inner diameter of 9 mm. and an outer diameter of 11 mm. Into this side 
arm is inserted a glass tube having a 4-mra. inside diameter, which is bent so that 
its tip of 1-mm. inside diameter remains 30 mm. above the bottom of the flask. 

T. S., and Earley. J. V., Mikrochim. Acu, 1959, 129. 
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The other side arm, which serves as outlet lor tire streain of nitrogen and for 
adding the reagents, has an inner diameter of 11 mm. and outer diameter of 
mm! Two springs are used to secure die reaction flask to the buret. A stirring 

bar of 15-mm. length is placed into the reaction Hask. 

The nitrogen train a, b. c, consists of two 125-ml. Erlenmeyer flasks connected 
with rubber tubing to a cylinder of nitrogen. Flask a contains 1 A chromous 
chloride solution kept over amalgamated zinc; flask b contaii^ distilled water. 
Each flask carries a 2-hole rubber stopper with glass tubing. The tube leading 
into the chromous chloride solution is drawn out m a fine capillary tip. The flask 
c contains water and is connected widi rubber tubing to the side arm of reserv'oir e 


of the microburet. 

Frocednre.-The nitro compound (3 to 8 mg.) is accurately iveighed in the weigh- 
ing tube (Fig. 18-12) or micro-weighing botde (Fig. 18-13), and introduced into the 
reaction flask d, which contains 4 ml. of 95% ethanol. The contents of die flask 
are stirred magnetically until dissolution is complete. The flask is then attached 
to the microburet (see Fig. 18-55). By means of a pipet, 7 ml. of 2.0 M sodium 
acetate solution are added through the side arm, and the apparatus is flushed with 
a current of nitrogen for 5 min. at a rate of 20 ml. per min. The 0,04 N titanous 
chloride solution is dien added from the microburet until the color of die reaction 
mixture changes to deep violet. After 3 min., 4 ml. of concentrated hydrochloric 
acid are added, and die contents of the reaction flask are titrated with the stand- 
ardized 0.035 N feiTic alum solution delivered from a 5-ml. microburet until the 
pale blue color of titanous chloride almost disappears. Two ml. of 2.5 M ammonium 
thiocyanate indicator solution are now introduced and the titration is continued. 
The end point is the appearance of a pink color that persists for 1 min. 

A blank is performed ivith the same procedure and quantities of reagent as used 
in die analysis of the sample. 


MICRODETERMINATION OF THE FIYDRAZINO GROUP 
BY MILD OXIDATION 

Principle.— The hydrazino group in many compounds can be decomposed with 
a mild oxidizing reagent, such as copper sulfate, to yield nitrogen gas. 

R— NHNHo + 4 CuS 04 + H.O ^ N. + ROH -f 2CU2SO4 + 2H2SO4 

Heating is usually required to bring the oxidation to completion. The nitrogen 
liberated is collected and measured in a nitrometer. 

Apparatus. The Micro Hydrazino Apparatus.- As shown in Fig. 18-57, the micro 
hydrazino apparatus consists of die reaction vessel, A, reflux condenser, E, and the 
5-ml. nitrometer, EG. The side arm, B, of the reaction vessel is fitted with a 
rubber stopper of sleeve type. The sleeve can be folded down over the neck of 
the side arm. The diaphragm of the stopper can be punctured readily ivith a 
syringe needle, and the puncture seals automatically after the needle is withdrawn. 

Procedure.-Tht rubber stopper, D, is removed for the introduction of the sam- 
ple, containing about 0.1 railli-equivalent of hydrazino group, into the reaction 
vessel, zl, dnough the side ann, B. Two ml. of a suitable solvent (water, dilute 
sulfuric acid, or glacial acetic acid) are added. The stopcock of the carbon dioxide 

The, nr reaction vessel, A. free from air 

Then the rubber stopper is replaced and tlie current of carbon dioxide is con- 

1 lied, to expel all air out of the apparatus (for checking the system see “Micro 
cl«erm.„„t.on of .he Primary Amino Group by Nilrosation,” aSve p. 413) Tim 



416 QUANTITATIVE MICROCHEMICAL ANALYSIS 

nitrometer is now filled with potassium h>droxide solution, and the stopcock o] 
the carbon dioxide generator is turned oiF. 

Using a syringe with a long needle, 4,0 ml. of saturated aqueous solution q( 
copper sulfate are introduced tlirougU the diaphragm of the rubber stopper. The 



Fig. 18-57. Apparatus for Microdetcrminanon of Hjdrazino Group. 


healing stage, H, is turned on gradually to raise the tenty«ratuce ot dui reaction 
mixture. Gas bubbles enter the nitrometer due to expansion of gas tolume by 
heat and also, to die liberation of nitrogen from the hydrazino group. The speed 
of the gas entering the nitrometer is controlled by adjusting the stopcock on the 
delitery tube leading to the nitrometer. If die gas flow stops, the stopcock of the 
carbon dioxide generator is carefully opened to maintain die gas speed. 

When the contents of the reaction >essel. A, begin to boil, the heating stage is 
suiiclied off. The reaction \essel. A, is kept in the hole of the healing stage for 
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. , V rh^ Inttpr is removed. When all the nitrogen produced has 

blrdri °en®intoT nitrometer, the volumes ol gas, temperature, and 
nressure are noted. The heating stage is replaced under the reaction vessel. A, 
Lil die reaction mixture for 5 min. while a slow current of carbon dioxide passes 
.1 u Heating is continued if more nitrogen is produced. 


through. 


MICRODETERMINATION OF THE ALKIMINO GROUP 
Princible.-The alkimino group forms quaternary ammonium iodide upon hea^ 
in- with concentrated hydriodic acid. When the quaternary ammonium salt is 
pyrolyzed, one mole-equivalent of alkyl iodide is libenited 


H 


\ 

N— R + HI -> 

/ 


\ / 
N 

/ \ 
R 


I 


H 


\ / 
N 

/ \ 


R 


\ 

RI + NH 

/ 


The microdetermination of the alkimino group is based on the volatility of the 
resulting alkyl iodide. Therefore, this method is best suited for the analysis of 
the methylimino and ethylimino groups. The methyl or ethyl iodide produced is 
converted to silver iodide and weighed. 

Apparatus. Modified Friediich Alkimino Apparatus,— The Friedrich apparatus 
for microdetermination of the methyl- or ethylimino group is modified as shown 
in Fig. 18-58 to increase the flexibility of the assembly and to permit the addition 
of fresh hydriodic acid into die reaction mixture. The reaction vessel, A, is pro- 
vided with a side tube for admitting nitrogen gas, and a ground glass joint for the 
passage of gas sU'eam into the condenser tube, D, through the scrubber, F, into the 
receiver H. The stopcocked funnel, B, serves as reservoir for hydriodic acid. 

Procedure.— The scrubber tube, F, is filled with a solution containing equal vol- 
umes of 5% cadmium sulfate and 5% sodium thiosulfate, and closed with a cork. 
The receiver tube, H, is charged with 2 ml. of 4% ethanolic silver nitrate solution. 
The sample (5 to 10 mg.) is accurately weighed, by means of the weighing tube or 
micro weighing bottle, into the reaction vessel. A, through the side arm with ground- 
glass joint. The sample is dissolved in a few drops of propionic anhydride. Am- 
monium iodide crystals, equal to about 20 times the weight of the sample, are 
added. The reaction vessel. A, is then connected to the bent tube, C. The con- 
denser tube, D, is immersed in a beaker of water kept at 90°C. 

A slow stream of nitrogen gas is passed through the apparatus in such a manner 
that not more than 2 bubbles remain in tire receiver at one time. About 2 ml. of 
hydriodic acid (sp. gr. 1.7) ai'e introduced from the reservoir funnel, B. The con- 
tents of the reaction vessel, A, are now kept at gentle boiling (or preferably placed 
m die heating stage maintained at 120“C.) for 30 min. Then the reaction vessel, 
A, IS placed in a sand bath (or in the heating stage), ivhich is gradually heated to 


SI Friedrich, A.. iMikrochemie, 1, 185, 1929; Die Praxis der 
Mikroanalyse Deuticke, Wien, 1933. 


quantitativen organischen 
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SeO^C. The hjdriodic acid distils and condenses in the condenser tube, D, while 
the alkyl iodide passed through tlie stopcock, £, and saubbcr tube, F, into Uje 
leceivcr, H. The dry residue in the reaction vessel, A. is heated at SGO'C. for 
5 min. Then the temperature ol the bath is lowered to 100*C, A second batch 
of hydriodic acid is delnered from tlie reservoir and the process is repeated. 



Fig. 18-58. Modified Fiiedrich Apparatus for the Miciodeterminaiion ot Alkimino Group. 


After the collection of methyl or etliyl iodide in Uie receiver tube is completed, 
the receiver tube, H, is disconnected at tlic rubber connection, G. The delivery 
tube is rinsed with dilute nitric add. The silver iodide in the receiver is coagu- 
lated by heating in a water bath, transferred onto a filter tube (see "Gravimetric 
Determination of Chloride or Bromide,” above, p. 398), dried at 105'C., and 
weighed. 

iMICRODETERMlNATION OF ISOCYANATE AND 
ISOTHIOCYANATE GROUPS 

Principle.— The isocyanate and isotbiocyanate groups are determined by treat- 
ment with an excess of n-butylamine in dioxane to form tlie corresponding sub- 
stituted urea and tliiourea, respectively. 


R— NCO + CiHsNHa R— NH— CO— NHC4H9 
R— NCS + C4H9NH2 -*• R— NH— CS— NHC4H9 
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The excess of butylamine is tlien determined by titration with standard 0.02 N 
hydrochloric acid.®^ 

Thhflratm.-Iodine flask, 125-mI. capacity. Magnetic stirrer. 

Procedure.-The reaction vessel is assembled by placing a stirring bar into the 
125-ml. iodine flask, adding 10 ml. of the »-butylamine reagent solution (prepared 
by dissolving 2 g. of u-butylamine in 1 liter of p-dioxane) from a pipet, and re- 
placino" the stopper. The sample containing about 0.1 milliequivalent of iso- 
cyanate group is delivered into die raicroweighing bottle (Fig. 18-13) by means o 
a dropper with a capillary tip, and accurately weighed. The microweighing bottle 
and sample are dropped into the reaction vessel, which is then placed on the mag- 
netic stirring device. After the reaction vessel stopper is replaced, the magnetic 
stirrer is switched on. The stirring of the contents is usually sufficient to open the 
microweighing bottle. If necessary, a glass hook can be used to catch the eye on 
the microweighing bottle stopper to disengage the latter; the hook can be broken 
in die reaction vessel and left there. 

After the reaction mixture is stirred for 1 min., it is allowed to stand 15 min. 
for aromatic isocyanates or isothiocyanates, and 45 min. for aliphatic compounds. 
Then 20 ml. of distilled water are introduced to the well of the iodine flask and the 
stopper is opened. After adding 2 drops of 0.1% edianolic methyl red solution as 
indicator, the contents of die flask are titrated with standardized 0.02 N hydro- 
chloric acid to a distinct pink end point. A blank is run on 10 ml. of the n-butyl- 
amine reagent solution under identical conditions. 


MICRODETERMINATION OF THE SULFHYDRYL GROUP 
BY OXIDATION WITH IODINE 

Principle.— The sulfhydryl group can be determined by oxidation with iodine. 

2R— SH + U R— SS— R + 2HI 

A standard solution of iodine is not suitable for microanalysis, however, because it 
is very unstable. An indirect method is therefore employed. The compound con- 
taining the sulfhydryl group is mixed with potassium iodide in glacial acetic acid 
solution. The mixture is then titrated with the standardized 0.03 N potassium 
iodate solution. Iodine, which is produced by the reaction between iodide and 
iodate, is immediately consumed by the sulfhychyl group. The end point is the 
appearance of iodine color in the solution. 

Apparatus.— No special apparatus is required. 

Procedure.- A sample containing about 0.1 milliequivalent of the sulfhydryl 
group is accurately weighed into a 50-ml. Erlenmeyer flask. Five ml. of medianol 
are added to dissolve the sample, followed by 1 ml. of glacial acetic acid, 400 mo- 
of potassium iodide, and 1 ml. of distilled water. The flask is swirled’ until atl 
solids have dissolved. The solution is then titrated with the standardized 0.03 N 
potassium iodate solution until the appearance of the yellow color of free iodine 
which persists for 30 sec. ' 


MICRODETERMINATION OF THE SULFHYDRYL GROUP BY 
AMPEROMETRIC TITRATION WITH SILVER NITRATE 
Prmctple.-Axiother micrometliod for tlie determination of the sulfhvdrvl 
gioup IS dependent on the precipitation of silver mercaptide in aqueoJs L 

•*- Karten, B., and Ma, T. S., Microchem. J., 3, 507, 1959. 
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ethanolic solution. 

R— SH + AgNOa -> R— SAg + HNO3 
The end point of die reaction is located amperometrically. 

Apparatus. Amperometric Titration Assembly.— The various parts of the am- 
perometric microtitration assembly are shown in Fig. 18-59. 

Polarograph.— Any type. 

/’rocedure.— Approximately 0.1 mniiequivalent of the sulfhydryl compound is 
accurately weiglied into a 100-nil. beaker and dissolved in 5 ml. of 95% cllianol. 
Twenty-fne ml. of bufler solution, containing 0,25 M ammonium nitrate and 1 M 
ammonium liydroxide, arc added, followed by 1 ml, ol 0.01% gelatin in ethanol. 
Tile stirring bar is placed in the beaker and the apparatus is assembled as shovsii 
in Fig. 18-59. A stream of nitrogen is passed through the solution to expel tiie 
absorbed oxygen. The magnetic stirrer is ssvilched on and die dropping mercury 
electrode is lowered into the solution, while a steady flow (drop by drop) of mer- 
cury takes place inside the solution, the calomel cell-glass electrode is immersed in 
die solution, and the leads are connected to the polarograph. The standardized 
0.01 N silver nitrate solution is slowly delivered from the microburet. The reading 
of die polarograph after each increment of the tilrant is noted. The titration is 
continued until significant increases in the current are observed. The equivalence 
point is obtained by plotting the current-volume cur\’c. 

MICRODETERiMINATION OF THE SULFOXIDE GROUP 

Principle.^Thc sulfoxide group can be determined on ilie micro scale by quanti- 
tative reduction with amalgamated zinc and hydrochloric acid to yield the corres- 
ponding sulfide, and the subsequent determination of organic sulfide by oxidation 
with bromine. 


R2SO + Zn + 2HCI RjS + HjO + ZnCla 
RjS + Bri + H3O RiSO + 2HBr 

The reduction process is carried out in a micro-Jones reductor. Because of 
the instability of free bromine, a mixture of bromaie and bromide is used as the 
standard solution of bromine. 

Apparatus. Micro-Joues Redactor.— As shown in Fig. 18-60, the micro-Jones 
reductor consists of 2 U-tubes, connected by ground-glass joints. One U-tube con- 
tains the funnel. A, and the reducing column, E, which holds the zinc amalgam, 
the other U-tube, FG, acts as a spigot. 

Procedure. Preparation of the Assembly.— In a 250-ml. beaker are placed 100 g. 
of 20-mesh zinc metal. One hundred ml. of 2 ^ hydrochloric acid are added and 
the contents of the beaker stirred for 1 min. to etch die surface of the zinc. A 
freshly prepared solution containing 400 mg, of mercuric chloride in 50 ml. of I 
N hydrochloric acid is introduced, and the mixture is stirred for 5 min. Then the 
supernatant liquid is decanted off and the amalgamated zinc is washed several times 
by water and decantation. 

A wad of glass wool, D, is inserted into the reducing column, E, of the raicro- 
Jones reductor. The amalgamated zinc is now transferred into the column and 
packed loosely by gentle tapping. Anotlier wad of glass wool is placed above the 
zinc and the column is washed with distilled water several times, once with 10% 
acetic acid, and finally with a 5% hydrochloric acid in 95% ethanol. 
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Preparation of tine Sample 

equivalent o£ the sulfoxide group is accu ^ ^ the Kjeldahl Principle,” 

digestion flask (see “Microdeterminatioii of Nitrogen by tne j 


Fig. 18-59. Amperometric Titiaiioii Fig. 18-60. Micro Jones Reductor. 

.Assembly for iVIicrodetennination of 
the Sulfhydryl Function. 




above, p. 384). Five ml. of 5% etlianolic hydrochloric acid are added to dissolve 
the sample by swirling. A trace of vaseline is smeared on the lip of the digestion 
flask. With the reducing column of the micro-Jones reductor immersed in a water 
bath at 50°C., and the stopcock, B, closed, the contents of the digestion flask are 
transferred into tlie funnel, A. Then the stopcock, B, is turned to allow the solu- 
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tion to move down through tlie U-tube in such speed that the liquid front travels 
through the entire length of the reducing column, £, in 10 min. The effluent is 
collected in a 125-ml. iodine flask. The digestion flask is rinsed with 5 ml. of 5% 
eihanolic hydrochloric acid and the rinsing is transferred into the funnel, A. Fi- 
nally, 40 ml. of glacial acetic acid are introduced into die funnel and collected in 
the 125-ral. iodine flask. 

Microdetermination of Aliphatic Sulfide.— If aliphatic sulfide is collected in the 
125-ml. iodine flask, 1.5 ml. of concentrated hydrochloric acid are introduced, fol- 
lowed by a solution containing 500 mg. of potassium bromide in 2 ml. of distilled 
water. The iodine flask is closed and its contents mixed by swirling. After 5 min,, 
the solution is titrated with the standardized 0.07 N potassium bromate solution. 
The end point is the appearance of bromine color which persists for 30 sec 

Alicrodetcrmination of Aromaiic Sulfide.— If the 125-ml. iodine flask contains 
aromatic sulfide, 2.0 ml. of concentrated hydrochloric acid are added. Then ex- 
actly 5.00 mi. of the standardized 0.1 N potassium bromate solution are delivered 
into the iodine flask. The stopper is replaced and the flask is swirled to mix the 
contents. Now 500 mg. of potassium bromide arc added. The flask is again 
closed and shaken for 1 min. Then the flask is placed in a water bath at 60*C. 
for 2 rain. After cooling to room temperature, 2 ml. of 15% potassium iodide solu- 
tion are added, and Uve stoppered flask is shaken for 1 min. The contents of the 
flask are titrated with the standardized 0.1 N sodium tliiosulfate solution, using 
starch as indicator. A blank is run using identical amounts of the reagents. 

MICRODETERMINATION OF THE UNSATURATED GROUP 
BY BROMINE ADDITION 

Principle.— The unsaturated group in olefins can be determined by the addition 
of bromine. 

R 2 C=®CRj •4- Br 2 — ► RjCBr— CBrR 2 

Because of tlte difficulty in handling standardized bromine solution for micro- 
analysis, the reagent is generated in situ by action of bromate on bromide ions 
in the presence of hydrochloric acid. 

Apparatus. Reaction Vessel.— A 50-mI. Erlenmeyer flask, provided with ground 
glass stopper, is used as tlte reaction vessel. 

Procedure.— In die reaction vessel are placed 10 ml. of the solvent mixture, which 
is prepared by combining 714 ml. of glacial acetic acid, 134 ml. of carbon tetra- 
diloride, 116 ml, of methanol, 18 ml. of dilute sulfuric acid (1:5 v/v) and 18 ml. of 
10% methaiiolic solution of mercuric chloride. The sample containing about 0.1 
millicquivalent of unsaturaied group is then accurately weighed and added into 
the reaction vessel. After cooling the reaction mixture for 5 rain, in die ice water 
bath, 0.25 ml. of concentrated hydrocldoric acid is added. The contents of the 
flask are now titrated widi die standardized 0.05 N bromate-bromide reagent (con- 
taining 1.392 g. of potassium bromate and 5.0 g. of potassium bromide in 1 liter). 
The end point is the appearance of a yellowish tinge which persists on swirling for 
30 sec. A blank is performed along with the sample and titrated in die same 
fashion. 
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MICRODETERMINATION OF THE UNSATURATED GROUP 

BY HYDROGENATION 

Princible.-Anothtr micromethod for the determination of the unsaturated group 
involves the measurement of the volume of hydrogen consumed by the samp . 


RoC=CR2 + Ho RoGH— CHR2 


Sometimes 


A catalyst is needed for tire reaction to proceed at a reasonable rate, 
the reaction goes to completion only at an 'elevated temperature. 

Apparatus. Micro Gasometric Apparatus.-The versatile apparatus 
gasometric analysis, according to Ma and Scheinthal. is shown in Fig. 18-61. It 



Fig. 18-61. Micro Gasometric Apparatus of Ma and Scheinthal. (Reprinted with permis- 
sion from Cheronis, N. D,, Microchemical Techniques, John Wiley and Sons, Inc. New 

York, 1962.) 

consists of a lecture gas cylinder with needle valve. A, bubble counter, B, 3-way 
stopcock, C, reaction chamber, DEFG, gas buret, HI, and leveling bulb, J. The 
reaction vessel, F, is connected to the cap. E. by means of springs. The condenser, 
G, permits the reaction to be performed at the boiling point of tire solvent used 
in the determination. A sintered glass disc is sealed on top of the gas buret in 
order to prevent the mercury from entering the condenser. One end of the 3-wav 
stopcock is fitted with a rubber syringe cap, M. ^ 

Heating and Stirring Device.-The controlled temperature bath which is used 
with the micro gasometric apparatus is shown in Fig. 18-62. It consists of a lar^e 
U-tube with a flat bottom. The heating unit, IH, is immersed in one side, while 
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the reaction flask, C, is placed in die other side. Jli is a magnetic stirrer con- 
structed from a toy motor attached to the magnet, JJ. A stirring bar, G, is placed 
at the bottom of the U-tube so that the bath fluid may be stirred if necessary. 

Procedure. Preparation of the Apparatus and Sample.— Into the reaction flask, 
F (Fig. 18-61), are placed 300 to 500 mg. of the catalyst (platinum black, Raney 
nickel, etc.), 3 ml. of the soheiit (e.g., dioxanc, glacial acetic acid), and 2 to 3 
micro stirring bars. The neck of the reaction flask is lubricated with stopcock 
grease and the apparatus is assembled as show'n in Fig. 18-61. 



Fig 18-62. Heating and Stirring Device for the Micro Casoinelric Apparatus. 


The apparatus is purged free ol air as follows: die leveling bulb, /, is lowered 
to position, K-, the needle vahe, A, of the hydrogen cylinder is opened to pass a 
stream of hydrogen through the system: the gas flow is adjusted so that gas bub- 
bles through the bubble counter, D, at a moderate rate and a mercury seal is mauv 
tained in the gas buret, I, at level, K. After 5 min., die open end of the 3-way 
stopcock, C, is connected to lire water aspirator. The leveling bulb, /, is raised 
to position L and the stopcock, C, is momentarily turned to connect die apparatus 
to the vacuum line. After about 20 sec., the stopcock, C, is again returned to the 
hydrogen line and the leveling bulb to position K. The above operation is re- 
peated twice. The leveling bulb, J, is Uven placed at position L, and hydrogen 
gas is passed in to push the mercury back so that the 2 columns of mercury in die 
gas buret, HI, are at the same level, L. The stopcock, D (above the reaction flask 
cap, E), is turned so that no more hydrogen enters the reaction flask, and the 3'Way 
stopcock, C, is turned to let excess hydrogen escape to the atmosphere. Then the 
needle valve, A, of the gas cylinder is sliut off. The readings of volume, tempera- 
ture, and atmospheric pressure are noted. 

An accurately weighed sample is placed in a 10-ml. volumetric flask and dis- 
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solved in a suitable solvent. Using a syringe with long needle, an aliquot cm - 
tainino- about 0.1 milliequivalent of the unsaturated group is delivered into the 
reaction Hash, F, through the cap. E. All stopcocks are turned to give a closed 

'^Srogenation.-The magnetic stirrer is switched on. As hydrogenation pro- 
ceedL the leveling bulb. /. is gradually raised to maintain a pressure of 30 mm. 
mercury on the system. When there is no change in the volume of gas in the gas 
buret, HI, for 5 min., the magnetic stirrer is switched off. The leveling bull^ /, 
is adjusted so that the 2 mercury columns are again at exactly the same level. The 
volume, temperature, and barometer readings are recorded. 

A blank is run using the same amounts of reagents and conditions. 


MICRODETERMINATION OF ACIDIC GROUPS 
BY NONAQUEOUS TITRATION 
Principle.— Phenols, sulfonamides, barbiturates, enols, imides, and some hydra- 
zides can be determined on the micro scale as acids. The sample is dissolved in 
dimethylformamide and titrated with 0.02 N sodium methoxide.ss 


HA + CHsONa CHjOH + NaA 


The end point may be located visually or potentiometrically. As carbon dioxide 
interferes witli the analysis, its presence cannot be tolerated. 

Al)paratus. Titration Assembly.— In order to minimize the absorption and con- 
sequent interference of carbon dioxide from the air, the titration assembly shown 
in Fig. 18-63 is recommended. The microtitration vessel is essentially a small 
Florence flask with a capacity of about 50 ml., that has 5 necks, 1 in line with the 
vertical axis of the vessel and the other 4 equally spaced, slightly oblique, and 
lower. The vertical neck has a ground-glass joint which accommodates the tip of 
the microburet. Two diametrically opposed side openings are 10 mm. in diameter 
to allow insertion of electrodes. The other tivo openings permit a continuous 
flushing with nitrogen gas. The capillary tube ends about 3 mm. from the bottom 
of the vessel. 

Procedure. For Visual Titration.— Five ml, of dimethylformamide are intro- 
duced into the microtitration vessel through the 10-mm. side neck. The 2 side 
necks allocated for electrodes are closed and the flow of nitrogen is adjusted so 
that individual bubbles can be seen. The magnetic stirrer is switched on so that 
agitation is rapid but spattering does not occur. The indicator solution (0.03 ml. 
of 0.3% thymol blue or 0.015 ml. of 0.5% azo-violet) is added, and the acid im- 
purities in tlie solvent are neutralized by adding standardized 0.02 N sodium 
methoxide in benzene-methanol, until a permanent blue color appears. Now the 
sample containing about 0.1 milliequivalent of the acidic group is accurately 
weighed by means of the weighing tube (Fig. 18-12), and introduced into the 
titration vessel through the side neck. After the sample dissolves, the solution is 
titrated to the blue end point. 


For Potentiomeuic Titration.— Into the microtitration vessel are added 15 ml. 
of dimethylformamide. The flow of nitrogen and stirring are reaulated as de 
scribed above. The electrodes are inserted in their appropriate locations, one 
facing die other so that diey are at least 2 mm. below the surface of the liquid 
and are separated by a distance of less than 5 mm. The sample is now introdLed 


i Maiumeyer, R. K., Margosis. M., and Ma, T. S., Mikrochim. Acta. 1959 , I 


n. 
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through the side neck. With the potentiometer properly connected and set, the 
titration with the standardized 0.02 N sodium methoxide is started with large incre- 
ments of titrant. The volume is reduced when approaching the equivalence point. 
The titration is continued until Uie equivalence point is well passed. 



Fic. 18-63. Apparatus for Miciodeieiiiiination of Vei) \V’eak Adds. 
(Coiirics) Mikrochim. Acta) 


MICRODETERMINATION OF BASIC GROUPS 
BY NONAQUEOUS TITRATION 
Principle.— Orgznic bases with pK,, values in water up to 12 can be determined 
on the micro scale by titration against 0.01 N perchloric acid using dioxane, 
chloroform, and acetic acid as the mixed solvent.®* 

_ CHjCOOH , ^ 

Base + HCIO, > Basc-H+ + CIO -4 

The equivalence point may be located visually or potentiometrically. 

5 * Gutlerson, M., and Ma, T. S., Mikrochim. Acta, 1960, 1. 
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No special apparatus is required. 

Procedure. For Visual Titration.-The sample, containing about 0.1 milliequix- 
alent of the basic group, is accurately weighed into a 125-inl. Erlenmeyer flask. 
Ten ml. of glacial acetic acid are added. If the sample does not dissolve readily 
on swirling the flask, the latter may be placed on a hot plate to effect complete 
dissolution. After cooling to room temperature, 30 ml. of chloroform and 0.1 ml. 
of 0.1^ crystal violet indicator solution are added. The contents of the Evlen- 
meyer flask are then titrated with the standardized 0.01 N perchloric acid in diox- 
ane, until tlie solution changes from violet to blue. A blank is performed using 
the same procedure and equal amounts of reagents. 

For Potentiometi'ic Titration. — About 0.1 milliequivalent of the sample is accu- 
rately weighed into a 100-ml. beaker containing a magnetic stirring bar. Ten ml. 
of glacial acetic acid are added to dissolve the sample, and the mixture is heated 
on a hot plate, if necessary. After cooling, 20 ml. of chloroform are added, and 
the electrodes are immersed into the solution. The magnetic stirrer is switched on 
and the standard 0.01 N perchloric acid in dioxane is delivered into the beaker 
from the microburet. The potential reading after each increment of the titrant is 
noted. The increments near the equivalence point should be 0.02 to 0.05 ml. 
The titration is continued until the equivalence point is well passed. The equiv- 
alence point is determined graphically. 

MICRODETERMINATION OF THE C-METFIYL GROUP’ 

Principle.— The methyl group attached to the carbon atom in certain structures 
(e.g., isoprene) can be quantitatively oxidized to yield one mole-equivalent of acetic 
acid. The oxidizing agent used is a mixture of chromic acid and sulfuric acid, 
and the reaction is performed in the sealed tube. 

/ H.SO4, CrO, 

CH3— C = i-> CH3COOH 

\ 

After the oxidation, the acetic acid is separated by steam distillation and deter- 
mined by titration with 0.01 N sodium hydroxide. 

Apparatus. Reaction Tube.— The reaction tube is prepared from 8-mm. glass 
tubing using the technique previously described in “Microdetermination of the 
Hydroxyl Group by Acetylation,” above, p. 405. 

Heating Device.— .A. sand bath placed on a rocking machine may be used. The 
rocking furnace of Tashiniarr, Baker, and Koch •*“ (Fig. 18-64) is recommended for 
routine determinations. 

Steam Distillation Apparatus.— The steam distillation apparatus is shown in 
Fig. 18-65. It consists of the steam generator. A, trap, B, distilling flask, D and 
condenser, E. ’ 

Procedure. Preparation of the Sample and Oxidation.-The sample, containino- 
about 0.1 radhequivalent of C-methyl group, is accurately weighed into the reac- 
tion mbe. Two ml. of concentrated sulfuric acid are added as solvent The solu 
non IS then cooled in the ice bath and 4 ml. of 5 N chromic acid are carefully 
introduced into the reaction tube by means of a pipet. After sealing the reac 

.0 lira l-ai-cl 

■'■'Tashinian. V. H., Baker, M. J„ a„.l Koch, C. W., Anal. Chem., 28, 1304, 19.56. 
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Fig. 18-65. Steam Distillalion Apparatus. (Reprinted with permission from 
Microcheinical Journal, 4, 484, John Wiley and Sons, Inc. New Voik.) 
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Distillation and Titration.-The sealed tube is allowed to cool to room 
ture The tip is then opened with a flame to release the pressure, and the tube 
is cut as previously described. The contents of the reaction tube are quantitatively 
transferred into the distilling flask, D (Fig. 18-65). A 250-ml. Erlenmeyer as is 
placed under the condenser, E. Steam is passed into the distilling flask, D, and 
100 ml. of distillate are collected. 

Three drops of 1% phenolphthalein indicator solution are added to the dis- 
tillate, which is titrated with standard 0.01 N sodium hydroxide. The end point 
is a pink color which persists for 30 sec. 


MICRO GRAVIMETRIC INORGANIC ANALYSIS 


MICRODETERMINATION OF SODIUM AS SODIUM-ZINC- 

URANYL ACETATE 

Principle.-Sodium can be determined on the milligram scale by precipitation 
in form of sodium-zinc-uranyl acetate NaZn(U02)3(CH3C00)g -91120. Because the 
precipitate is significantly soluble in water, a concentrated solution of the reagent 
is used, and the product is washed with the reagent solution, 
followed by alcohol and ether. 

Apparatus.— Porcelain crucible and filterstick (see Fig. 18-44). 

Procedure. Preparation of the Reagent.— A solution con- 
taining 6 g. of zinc acetate trihydrate, 0.2 ml. of glacial acetic 
acid, and 10 ml. of distilled water, and another solution con- 
taining 2 g. of uranyl acetate dihydrate, 0.4 ml. of glacial acetic 
acid, and 10 ml. of distilled water are separately prepared. 

Ten ml. of each solution are combined, thoroughly mixed and 
allowed to stand for 2 days before use. 

Precipitation and Determination.— Into the crucible (pre- 
viously weighed with the filterstick) is added the sample con- 
taining 0.3 to 1 mg. of sodium. Solid substance is introduced 
by means of the weighing tube (Fig. 18-12). Solution is intro- 
duced by a transfer pipet and then evaporated to dryness. The 
sample is dissolved in 0.15 to 0.25 ml. of distilled water, and 
10 times the volume of the zinc uranyl acetate reagent solution 
are introduced in the following manner: a graduated pipet is Auachm^nt for'lS- 
connected to a glass tubing with constriction, and holding a tration of Reagent 
filter paper roll as shown in Fig. 18-66; the glass tubing and Solution. ° 

filter paper are dipped into the zinc uranyl reagent solution 
and a suitable volume is sucked into the buret; then the buret is lifted up, the filter 
papei loll is discarded, and the required volume is delivered into the crucible. 

The reaction mixture is allowed to stand for 1 hr. The filterstick is plac«l in 
position and the supernatant liquid is removed by inverted filtration The pre- 
cipitate is washed 3 times with 95% ethanol and once with diethyl ether. The 
crucible and its contents are dried in a vacuum desiccator for 15 min. and weighed. 



MICRODETERMINATION OF ALUMINUM AS OXINATE 

PnncipZe.-The aluminum compound is dissolved in dilute hydrochloric acid and 
an excess of 8-hydroxyquinoline reagent is added. The reaction mixture is’neu- 
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tralized witli ammonium acetate to produce a quantitative precipitation of the 
chelate compound, aluminum oxiiiatc. The precipitate is freed from tlie mother 
liquor, washed, dried at 140'C., and weighed. One mg. of aluminum oxinatc 
contains 0.0587 mg. of aluminum. 

Apparatus. Reaction Tube and Filterstick.— The assembly shown in Fig. 18 53 
(see “iMicrodetermination of die Carbonyl Group by Hydrazone Precipitaiiou,” 
p. 410) is used. The reaction tube need not have a capacity greater than 15 ml. 

Procedure.— Tht sample containing about 0.5 mg. of aluminum is accurately 
weighed into die reaction vessel and dissolved in a minimum volume of 0.2 N 
hydrochloric acid. The reaction vessel may be heated at lOO'C. to facilitate dis- 
solution ol the sample. Into the reaction vessel is then delivered 1 ml. of tlie 
oxine reagent (2% hydroxyquinoliiie in 1 N acetic acid). After keeping the re- 
action mixture at lOO'C. for 2 min., 2 N ammonium acetate solution is added 
until a cloudiness is produced. Heating is continued for 2 to 3 min. until the 
precipitate begins to coagulate. Now 1 ml. more of 2 A’ ammonium acetate is 
added, followed by a few drops of the o.\inc reagent to test for complete predpi- 
taiion. After 10 min. the reaction vessel is removed from die heating bath. The 
motlier liquor is filtered off and the precipitate is washed 5 times with l-ml. por- 
tions of distilled water. The reaction vessel and its contents arc dried at HO’C. 
lor 30 min., cooled to room icmperaiuie, and weighed. 



To Aspirofor 


MICRODETERMINATION OF CALCIUM AND MAGNESIUM 
IN LIMESTONE 

Principle.— Tht limestone sample is fused with sodium carbonate-potassium car- 
bonate mixture. The fusion is treated with Jiydrochloric acid. After the removal 
of silica, tlie solution is made alkaline to precipitate iron and aluminum hydrox- 
ides. Calcium is determined in the filtrate as the oxalate 
monohydratc. After the separation of calcium, magnesium 
is precipitated in the form of magnesium ammonium plios- 
phatc hex.vhydraie and weighed as such.®® 

Apparatus. Platinum Crucible.— Crucible, 15-ml. ca- 
pacity, vviUi lid. 

Reaction Tube and Filterstick.— See "Microdetermina- 
tion of the Carbonyl Group by Hydrazone Precipitation,” 
above, p. 410. 

Micro Water Bath.— This is constructed from an Erlen- 
meyer flask and adapter as shown in Fig. 18-67. 

Procedure. Preparation of the Sample and Fusion.— 
The limestone is finely ground in an agate mortar, screened 
through Uie micro sieve (Fig. 18-9), and a representative 
sample is obtained by quartering. About 5 mg. of the 
sample are accurately weighed into the platinum crucible 
by means of the micro-weighing tube (Fig. 18-12). Ten mg. of 1 : 1 sodium carbonate- 
potassium carbonate mixture are introduced to cover the sample. The crucible ts 
covered and its contents are heated with an oxidizing flame for 2 min. 

Removal of Silica.— Upon cooling, the lid of the platinum crucible is lifted up, 
and a few drops of distilled water are run down through the lid into tlie crucible 


Tic. 18-67. Micio ^V'ate^ 
Bath. 


56 Benedeili-Pichler, A. A., Llacer, A. L. and Sozzi, I. A., Anales Farm. Bioquim, Buenos 
Aires. 12, 13. 1941. 
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to moisten the fusion. One drop of 0.1% methyl red indicator solution is added. 
Usino- a dropper with fine capillary tip, 6 N hydrochloric acid is carefully intro- 
duced along the walls of the crucible, until the solution in the crucible turns red. 
The solution is dieu evaporated on the steam bath or metal block. A vent tu e, 
which is connected to the water aspirator, is placed above the surface of the so u- 
tion (as shown in Fig. 18-67) to hasten evaporation and remove acid fumes. The 
residue in the crucible is heated at I’O'C. for 40 rain. Upon cooling. 0.5 ml. of 6 
N hydrochloric acid is added, and the crucible is heated at 100°C. for 15 min. A feiv 
drops of 6 M hydrocliloric acid are added from time to time to keep the volume 
constant. Then 0.5 ml. of distilled water is added, and the heating is continued 
for another 5 min. Calcium and magnesium are brought into solution while silica 
remains insoluble. A filterstick is now immersed into the liquid and the clear 
solution is siphoned over and collected in a reaction tube. The platinum crucible 
and filterstick are rinsed with four 0.2-ml. portions of hot 0.1 M hydrocliloric acid. 

Removal of Iron, Aluminum, and the Remainder of Silica.— The solution in 
die above reaction tube is treated with a few drops of bromine water to convert 
all iron to die ferric state. The e.xcess of bromine is removed by warming the 
contents of die reaction tube and aspirating the vapors. A drop of 0.1% methyl 
red indicator solution is then added. If the red coloration fades immediately, the 
treatment for the elimination of bromine is repeated. After the removal of bro- 
mine, 6 N ammonium hydroxide is introduced dropwise until the red color of the 
solution turns yellow. The contents of die reaction tube are heated at lOO^C. for 
2 min. to coagulate the precipitate. The liquid containing calcium and magne- 
sium is then transferred, by means of the filterstick, into a clean reaction tube, 
wiiicli was previously weighed with its accompanying filterstick. Four 0.2-ml. por- 
tions of 3% ammonium chloride solution are used for rinsing. 

Determination of Calcium.— To the above reaction tube containing calcium and 
magnesium ions are added 0.4 ml. of 6 N hydrochloric acid and 0.6 ml. of 3% 
oxalic acid for every 5 mg. of limestone taken. The resulting solution is then 
treated with 6 N ammonium hydroxide, which is introduced drop by drop until a 
cloudiness is produced. Then the reaction tube is heated in the steam bath oi 
metal block and its contents are swilled from time to time until the turbidity dis- 
appears. The solution is diluted, while hot, with distilled water to about 6 ml. 
after adding one drop of 0.1% methyl red indicator solution, 0.6 N ammonium 
hydroxide is introduced dropwise until the color changes to yellow. The contents 
of the reaction tube are allowed to cool and stand for 1 hr., or until the pre- 
cipitate settles in the bottom. The filterstick is immersed in the clear supernatant 
liquid, which is transferred into another preweighed reaction tube. The precipi- 
tate (CaCoO^-HoO) is washed with four 0.75-ml. portions of cold water. The re- 
action tube and its contents are dried at lOO'C. to constant weight. 

Removal of Ammonia and Oxalic Acid.-The reaction tube "’containino- the fil- 
tiate and washings is placed on the steam bath, and the solution is acidified by 
adding 1 drop of 6 A hydrochloric acid, and then evaporated to dryness The 
reaction tube is now clamped at an angle of 20° to the horizontal and heated witli 
a small flame to remove the ammonium salts. Oxalic acid sublimes from one oart 
of the reaction tube to the otlier and cannot be removed by heatino- alone Tim 
reaction tube is allowed to cool to room temperature and 0.05 ml. of concentrated 
sulfuric acid IS added. By means of a small flame the acid is made to di"tU up the 
IV alls of die beaker and flow over all sublimates of oxalic acid. Finally the whole 
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reaction tube is heated with the Bunsen burner until all the sulfuric acid is ex- 
pelled. 

Determination of Magnesium.— The contents of the reaction tube are allowed to 
cool, and are redissolved by adding I.O ml, of 3 AT hydrochloric acid for 5 mg. of 
limestone taken for analysis. The acid is added dropwise just below the rim of the 
inclined reaction tube, which is rotated so that successive drops of solvent cover 
the whole wall. The reaction tube is placed 
on the steam bath for 1 min. If the solution 
appears turbid, it is filtered into another pre- 
weighed reaction tube and the preceding re- 
action tube is rinsed with four 0.5-ml, portions 
of distilled water. One drop of 0,1% meth)l 
red indicator solution is added, followed by 
Fig. 18-68. Micro Drying Tube. about 1 mg. of solid ammonium citrate. The 

(Courtes) Microchemie.) reaction tube is placed on the steam bath and 

its contents are neutralized by adding 0.6 N 
ammonia, until the red color changes to yellow. For every 5 mg. of limestone taken 
for analysis. 0.2 ml. of 1:1 mixture ot 6 N ammonia and 10% sodium phosphate 
solution is now added. The contents of the reaction tube are mixed by swirling, and 
are allowed to stand under cover for 6 hr., or until the originally gelatinous precipi- 
tate has been completely converted Into the coarsely crysialltne Mg(NH 4 )P 04 ' 6 H 30 . 
The filterstick is introduced and die supernatant liquid is removed. The precipitate 
is washed with four 1-ml. portions of 0.6 N ammonium hydroxide, two 1-nd. portions 
of ethanol, and 1 ml. of diethyl ether. The reaction tube containing the precipitate 
and filterstick is now placed in the drying lube®^ shown in Fig. 18-68. A current 
of dry air is passed through tlie drying tube, which should not be heated. After 
15 min., the reaction tube and its contents are removed from tlte drying tube and 
weighed. 

MICRODETERMINATION OF SILICA IN MINERAL SILia\TE 

Principle.~The silicate sample is converted into sodium silicate by fusion with 
sodium carbonate. The sodium silicate is decomposed by adding h)drochloric 
acid, and the precipitated silicic acid is dehydrated and rendered insoluble by re- 
peated evaporation with hydrochloric acid followed by baking. Soluble salts are 
removed by washing and filtration, the ignited crude silica is weighed. The loss 
observed when the silica is removed by treatment with hydrofluoric acid gives the 
actual amount of silica present. A small loss of silica occurs during the filtration 
process owing to slight solubility. For the most accurate results, tliis silica should 
be recovered; the medicd described will, however, give results sufficiently accurate 
for most purposes.®* 

Apparatus. Platinum Crucible.— Crucible, I5-ml. capacity with lid. 

Filterstick.— See ‘‘Microdetermiiiation of the Carbonyl Group by Hydrazone Pre- 
cipitation,” above, p. 410. The filter paper roll should be ashless. 

Procedure. Preparation of the Sample and Fusion.— A representative sample is 
prepared as described under “Microdetermination of Calcium and Magnesium in 
Limestone," above, p. 430. Into the preweighed platinum crucible are added 8 to 
10 mg. of the sample, and the crucible is reweighed. Anhydrous sodium carbonate 
amounting to about 4 times the bulk of the mineral silicate is added. The mixture 

5- Schenck, R. T. E., and Ma, T. S., Mikrochemie. 40, 243, 1953. 

®s Biiscoe. H. V. A., and Holt, P. F., Inorganic Micro- Analysis, Arnold, London, 1950, 128. 
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is fused for 10 min., the temperature being slowly increased to the maximum - 
ing the first 2 or 3 min. Upon cooling. 1 ml. of dptilled water is added m o t 
crucible, and the lid is rinsed to wash down particles which may have splas e 
on it The uncovered platinum crucible and its contents are placed on a Bat glass 
surface adiacent to a 25-mI. beaker containing concentrated hydrochloric acid. 
The two crucibles are covered with an inverted crystallizing dish and allowed to 
stand overnight so that the carbonates and silicates decompose gradually by ab- 
sorption of hydrochloric acid vapor without risk of splashing. Then the cover is 
removed and 2 drops of concentrated hydrochloric acid are added into the platinum 


crucible. 

Baking and Filtration. — The contents of the platinum crucible are evaporated 
to dryness on the steam bath (Fig. 18-68). the process being hastened by placing a 
bent tube connected to the water aspirator above the surface of the liquid. The 
residue in the crucible is then heated on the metal block at 110°C. for 30 min. 
The crucible is cooled slightly, and 0.25 ml. of concentrated hydrochloric acid is 
added, followed by 1 ml. of distilled water. The solution is again evaporated and 
this process of acidification, evaporation, and baking is repeated twice. Finally 1 
ml. of distilled water and 0.25 ml. of concentrated hydrochloric acid are added 
and the contents of the crucible are warmed for 1 min. on the steam bath. Upon 
cooling, d\e hlterstick is immersed, the liquid is filtered off, and the precipitate is 
washed with four 0.5-ml. portions of 6 iV hydrochloric acid, or until the filtrate 
becomes colorless, then with 0.5 ml. of ethanol. The filterstick is lifted up and the 
filter paper roll is extracted with a pair of forceps and dropped into the aucible. 
After replacing die lid, the crucible and its contents are dried at 100°C. The 
residue is then ignited at 900 ‘’C. to constant weight, which is recorded. 

Treatment with Hydrofluoric Acid.— Thiee or 4 drops of hydrochloric acid are 
added into the above crucible containing silica and other insoluble matters so 
diat die solid is moistened. One drop of concentrated sulfuric acid is added. The 
crucible lid is replaced, and the crucible is heated with a gentle flame, and finally 
ignited for 5 min. The crucible and residue are cooled to room temperature and 
weighed. The difference in weight betwen the crude silica and the residue after 
treatment with hydrofluoric acid is the weight of silica present in die sample taken 
for analysis. 


MICRODETERMINATION OF COPPER AND NICKEL 
IN GERMAN SILVER 

Principle.-The copper-nickel alloy is dissolved in the sulfuric-nitric acid mix- 
ture. Copper is separated by electrolysis and weighed on the electrode. Nickel 
remaining in die solution is determined by precipitation and weighing of its di- 
me thy Igiyoxime chelate.30 

Apparatus. Apparatus for Electrodeposition.eo-A simple micro electrolysis ap- 
paratus was described by Benedetti-Pichler (Fig. 18-69). The electrolysis cell is a 
test tube of 16-mm. diameter and 105-mm. length. The cathode consists of a 
cylinder of platinum gauze wire of 1-mm. diameter. The end of the wire is bent 
to a hook so that the cathode may be suspended above the pan of the balance 
from the hook attached to the stirrup. The gauze cylinder is reinforced at base 

A. A., Ind. Eng. Chem., Anal. Ed., 
JorwSrandlon": .t Inorganic Analysis, 
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and top by strong wires, which are welded to the gauze before it is bent into cylin. 
drical shape. Three small glass beads arc fused at equal distances from one to 
another on each of these 2 reinforcing wires. The beads are attached to tlie base 
and top of the cylindrical electrode so tliat they point outward. In this way the 



Fir,. 18 C9. .\i:jparatus foi Micio EIcctrodeposilion. (Reprinted uitli permission from 
A. A. Bcncdctti-Pichlcr, Introduction to the Microtecliniquc of Inorganic Analysis, 191- 
John Wiley and Sons, Inc) 

metal deposited on the cathode can easily be prevented from touching the walls 
of the test tube when the electrode is removed. 

The anode consists of a platinum wire 0.5 mm. in diameter, whicli is woujid in 
die form of a helix around the lower part of the ascending arm of the siphon. 
The siphon is bent from glass tubing of 2-mm. bore. Two pairs of glass horns 
keep the anode in its proper position. The stem of the small funnel is wide 
enough to pennit sliding the funnel up and down along the siphon. 
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The wide suction tube contains a short test tube of 15-ml capacity for the col- 
lection of electrolyte and washings. The 3-way stopcock a lows the suction tube 
to be connected with eidier a supply of inert gas or with the vacuum line. The 
electric current is furnished by a storage battery that gives 4 volts. A vaiiable 
resistance of 50 to 100 ohms is inserted in series with the electrolytic cell, and a 
voltmeter is hooked up parallel to the cell. Connection with the electrodes is best 
made by means of small clips which grasp the wires with smooth, polished sui- 
faces (at the points indicated in Fig. 18-69 by plus and minus signs). 

Reaction Tube and Filterstick.— See Fig. 18-53. 

Procedure* Preparation of the Sample. — With the empty electrolytic cell held at 
an inclined position, about 5 ml. of the alloy is accurately weighed into tire bot- 
tom of tlie cell by means of the microweighing tube with long handle (Fig. 18-12). 
To cover tlie sample, 0.05 ml. of distilled water is introduced. Then 0.02 ml. 
of concentrated nitric acid is gradually added along the walls of the cell to dis- 
solve the alloy, warming the mixture gently if necessary. This is followed by the 
cautious addition of 0.01 ml. of concentrated sulfuric acid. When the liberation 
of nitrogen oxide ceases, the electrolytic cell is washed along its walls with 0.5 
ml. of distilled water. The solution is heated on the steam bath for 5 min. while 
a bent tube connected to the water aspirator is inserted into die electrolytic cell 
to remove the nitrogen oxide given off by the reaction mixture. 

Electro-deposition of Copper.— The platinum wire gauze cathode is placed in a 
short test tube which is half filled with concentrated nitric acid. The test tube is 
heated on die steam badi for a few minutes. The electrode is removed, rinsed 
with distilled water, and dien dipped successively into 2 large test tubes contain- 
ing distilled water. It is finally ignited over an oxidizing flame, cooled to room 
temperature, and accurately weighed. 

The platinum cadiode is now placed inside the electrolytic cell containing the 
solution of copper and nickel. One drop of 95% ethanol is added to decrease the 
stability of die spray, and then sufficient 2 N sulfuric acid is introduced to bring 
the liquid level to near the top of the gauze cylinder. The anode is now in- 
serted into the electrolytic cell and die apparatus is assembled (as shown in Fig. 
18-69; die 15-ml. test tube being previously weighed with the accompanying filter- 
stick), while a slow current of nitrogen passes through the suction tube and siphon. 
The gas flow rate is adjusted to obtain about 1 bubble in 3 sec. This is necessary 
to prevent die soludon from entering the siphon before die complete precipitation 
of copper. The small funnel is made to rest on the opening of the electrolytic 
cell, and die space between the stem of the funnel and the siphon is sealed by 
adding a drop of water. After making the electric connections, the electrolyte is 
heated to 70°C. in the heating stage. Electrolysis is now started with 2.7 to 3.1 
volts across the electrodes. Five min. after the appearance of the copper deposit 
the color of die electrolyte will indicate that most of the copper has been pre- 
cipitated. While die electrolysis is continued, the solution is heated to boilino- 
and the ring of condensate is allowed to rise close to the opening of the cell. Tim 
heating stage is then removed. The funnel and top of the electrolytic cell are 
rinsed with a few drops of water. The electrolysis is continued for another 10 
mm During the second half of this period the elecU'olyte is cooled by immersina 
d.e lower part ot the electrolytic cell in a beaker containing cold water The var? 
ablejsntance t, continuously adjusted so as to prevent Ure e.m.f. front eaceed'ino 


61 Benedetti-Pichler, A. A., Z. Anal. Chem., 62, 321. 1923. 
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Witliout inteiruptijig die current, tlic electrolyte is completely siphoned into die 
15 ml. test tube by die application of light suction. The suction is Uien inter- 
rupted, and the electrolytic cell and luiincl are rinsed wiili distilled ivater until 
the gauze cylinder of the cathode is again completely immersed. A slow stream 
of nitrogen is conducted dirough die wash liquid for 2 min., after which the wash 
liquid is siphoned into die 15-ml. test tube. This process is repeated twice. Finally 
the suction is interrupted and die platinum wire gauze is again covered with dis- 
tilled water. The siplioa and anode are remosed, and immediately afterwards, the 
cathode. The latter is quickly placed in .i large test tube containing distilled water. 

Weighing of the Cathode with the Copper Deposit.— The cathode is rinsed by 
immersing it successively in 2 large test tubes containing distilled water. The excess 
of water is removed by gently sliaking the electrode, which is then dried by healing 
at j position 300 mm. above a noidiimiiious Uunsen n.imc. 'I'hc electrode is hung 
on the glass rod to acquire room leniperaturc, and weighed after 5 min. The 
increase in weight is tlic amount of copper in the sample taken. 

Determination of Nickel,— The 15-ml. test tube containing the nickel solutiuii 
is removed from tlic suction tube of tlic electrolytic apparatus and heated on the 
steam bath to concentrate the solution to about 2 ml. Then are added 0.03 ml. 
of 6 N hydrochloric acid, 1 mg. of ammonium citrate, and 0.03 ml. of 0.1% mctlql 
red Indicator solution. The contents of die test tul>c arc mixed by swirling from 
time to time while 6 N ammonium hydroxide is added until the color of the solu- 
tion changes to yellow. Tlie alkaline solution must remain perfectly clear. It is 
then diluted to about i ml. and heated on the steam batlu Micro drops of satu- 
rated etlianolic solution of dimcdiylglyoximc are introduced by means of a pipet 
with a Bnc capillary tip. The contents of die test tube arc mixed after the addi- 
tion of each drop of reagent. The red nickel dimciliylglyoximaie precipitates and 
settles rapidly to the bottom of the test tube. Hence, it is easy to recognize when 
the precipitation is complete. Now 3 more drops of the reagent are added, followed 
by a volume of distilled water equal to the total amount of the oxime reagent. 
The test tube with the precipitate is placed on lltc steam bath for 10 min. It Is 
then allowed to stand lor 30 min. before rdtratioti by means of the fillerstick, whidi 
was previously weighed with the test tube. The test lube and precipitate are 
washed with four 2-ml. portions of hot water. After the hot wash liquid is com- 
pletely sucked off, the test tube, filterstick, and nickel dimethylglyoximate are dried 
at 120"C. for 20 min. and reweighed. 

MICRO TITRIMETRIC INORGANIC ANALYSIS 

MICRODETERMINATION OF WATER EY TITRATION IVITH 
THE KARL FISCHER REAGENT 

Princip/e.- The Karl Fisclier reagent used in this experiment is a mixture con- 
taining iodine, sulfur dioxide, and pyridine in a large amount of anhydrous methyl 
cellosolve. On reacting vvitlt water, the iodine is converted to iodide: 

HaO + la 4- SOa + SCjHsN -* 2C5H5N-HI + CaHsNOCSOa) 

The end point of the titration is determined electrometrically by the "dead stop 
method. This is based on the depolarization of the electrodes when an excess o 
free iodine appears in the solution. 
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Apparatus. Assembly for Micro Tittation of Water.-lhe assembly insists oJ 
the Wiberley microburet o" and a special reaction vessel. As shown in Fig. 18-70, 
Se reaction vessel, A, is connected to the microburet by means of the ground-glass 
oLrand is provided with 3 side arms. C. A and £. D and £ are for the insert.on 
of the electrodes and the tube with stopcock respec- 
tively. The side arm, C, is parallel to the base of the 
flask, and carries a Teflon plunger 60 mm. long. The 
end of the plunger is cut out to form a trough which 
holds the microboat. B. 

“Dead Stop” Indicator.-This is commercially avad- 
able.«3 

Magnetic Stirrer.-Any type of magnetic stirrer may 
be used. The stirring bar should have a diameter 
less tlian 3 mm. 

Procedure. Preparation of the Karl Fischer Re- 
agent.-A stock solution of the Karl Fischer reagent 
with water equivalent of about 6 mg. per milliliter is 
prepared as follows: into a Miter volumetric flask 
are added 133 g. of iodine (reagent grade) dissolved 
in 425 ml. of anhydrous pyridine, followed by 425 
ml. of methyl cellosolve; the volumetric flask is 
closed with the stopper and placed in an ice bath; 
meanwhile 70 ml. of anhydrous liquid sulfur diox- 
ide are collected, from a tank of pure sulfur dioxide, 
into a large test tube immersed in the dry ice- 
acetone cooling mixture; the liquid sulfur dio.\ide 
is poured into the volumetric flask in small por- 
tions, with constant swirling; the approximate 
strength of the stock solution is determined by 
titrating it against sodium tartrate dihydrate. Then 
a suitable portion of the stock solution is diluted 
with the appropriate volume of anhydrous methyl 
cellosolve to obtain a standard solution with the 
water equivalent of about 2 mg. per milliliter. This 
solution is transferred into the reservoir, H, of the 
mia-oburet (Fig. 18-70). The funnel, I, is closed 
with a drying tube. After standing overnight, the 
exact water equivalent of the standard solution is 
determined by titrating a known sample of sodium 
tartrate dihydrate against it. 

Determination of Water.-The apparatus is assem- 
bled as shown in Fig. 18-70. If the sample is a solid, 
it is accurately weighed into a platinum microboat 
which is then placed in the plunger and inserted through the side arm r v 

action vessel. Two ml. of anhydrous methanol are delivereH inm ^ ^ 

through dre side a™, by Lmeutarily remolt ''“f 

electrodes are put in place tlirough the side arm D TIip ^ \ 

to drop d.e microboat ™i.h the sample into the methanol.'^ IhfmlrSc 



Fig. 18-70. Assembly for Mi- 
crotitnition of IV^ater. 
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is switched on, and the Karl Fischer reagent is added £rom the microburet until 
the end point is shonn by the “dead stop” indicator. 

If the sample is a liquid, it is measured by means of a pipet and introduced into 
the reaction vessel through the side arm, E. Enough anhydrous methanol is added 
to bring the volume of solution in tlie reaction vessel to 2 ml. A blank should 
be performed in both cases, using the same procedure and amount of methanol. 

MICRODETERiMlNATION OF CHLORIDE BY TITRATION 
WITH MERCURIC NITRATE SOLUTION 

Priiicip/tf.— This method is based on die formation of mercuric diloride, which 
is only \ery slightly dissociated, and of the colored mercury diphenylcarbazide com- 
plex. The chloride ions in nitric add solution are titrated wiUi standardized solu- 
tion of mercuric nitrate containing nitric acid. As indicator, 0.1% methanolic so- 
lution of diphenylcarbazide is added; the end point is the appearance of violet 
color.®* Needless to say, substances that form precipitates or stable complexes 
with mercury should be absent. 

Apparatus.~KQ special apparatus is required. 

Proced«re.~-The sample, containing about 3 mg. of chloride, is accurately meas- 
uied into a 50-ml. £rlenmc)cr llask. Solids, which are neutral salts, are dissolved 
in 5 ml. of 0.01 N nitric acid. If die sample is a liquid, it is made up to 5 ml 
witii 0 01 iV nitric acid and the pH is adjusted to 2.0 by adding nitric acid or sodium 
liydioxide solution. Next, 0.5 ml. of the 0.1% diphenylcarbazide in metlianol is 
introduced. The contents of the Erlenmeycr Hask are titrated by the standardized 
0.01 N mercuric chloride solution (in 0.01 N nitric acid). The titration is per- 
formed against a white background in the daylight, or under a fluorescent lamp. 
The end point is reached when a permanent bluish violet color appears. In case 
the operator is not familiar with the color change, the "comparison metliod” for 
determining the end point is recommended. Tin’s consists of setting up alongside 
the titration vessel anotlier 50-ml. flask containing tlie same amount of the indi- 
cator solution in 10 ml. ol 0.01 N nitric acid. A measured amount of the stand- 
ardized 0.01 N mercuric chloride solution is added to the comparison flask to pro- 
duce the necessary indicator color change. The unknown solution is then titrated 
until the color is identical in tinge with iliat of die blank. In the subsequent cal- 
culation, the volume of reagent added to the blank is subtracted from the observed 
titration figure, 

MICRODETERMINATION OF CHLORIDE BY TITRATION 
WITH SILVER NITRATE SOLUTION 

Principle,— Tht chloride ions in a neutral solution are precipitated as silver 
chloride by titration with 0,01 N silver nitrate solution. Dichlorofluorescein is 
utilized as the adsorption indicator. Acetone is added to the solution to facilitate 
the observation of the end point. 

Apparatus.— No special apparatus is required. 

Procedure.— Tlie accurately measured sample, containing about 3 mg. of diloride, 
is dissolved in (or diluted to) 5 ml. with distilled water. Three ml. of acetone 
are added, followed by 2 to 4 drops of 0.02% ethanolic dichlorofluorescein indicator 
solution. If the solution is ncut^, it sliould have a greenish fluorescence. Other- 
wise, the pH of the solution is adjusted to 7.0 by adding very dilute nitric acid or 

e* Roberts, I., Ind. Eng. Clicin., Anal. Ed., 8, 365, 1936. 
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sodium hydroxide solution. The neutral solution is notv titrated with the Standard- 
Led 0 01 N silver nitrate solution until the color changes from greenish to p nk 
or red Since the transition point is observed by the color change in a turb d 
mixture, it is recommended to perform the titration in a darkened room, and 
view the titration flask against a darkened background in a beam of tiansmitted 

light. 


MICRODETERMINATION OF IRON BY CERIC OXIDIMETRY 

Pnnciple.-lxon is brought into solution as ferric ions, which are then reduced 
to the ferrous state. The solution containing Fe(II) is titrated with the standardized 
0 01 N ceric sulfate solution using Ferroiii (o-phenanthroline) as the internal indi- 
cator. It should be noted that 0.01 N ceric sulfate is very unstable, and has to be 
freshly prepared. It is standardized against a 0.01 N ferrous ammonium sulfate 
solution containing a little sulfuric acid to prevent hydrolysis. Ceric sulfate ox- 
idimetry has an advantage over potassium permanganate, as the former can be 
used in die presence of hydrochloric acid, which is oxidized by permanganate but 
not by ceric ions.®® 

Apparatus. Silver Reductor.«®-This is constructed from a glass tube of 7-mm. 
diameter and 200-ram. length. The top is fitted with a funnel and the bottom 
joined to a stopcock and capillary tube. The packing is prepared as follotvs: 10 g. 
of silver nitrate are dissolved in 0.02 N nitric acid in a test tube; a strip of copper 
foil is immersed into the solution until all the silver is precipitated, and dien 
shaken down to the bottom of the tube; die copper foil is removed and the metallic 
silver is washed with dilute sulfuric acid until die washing is free from copper. 

Procedure.— The sample, equivalent to about 5 mg. of iron, is accurately weighed 
and dissolved in hydrochloric acid. The final solution should have a volume of 
about 20 ml., and be adjusted to a pH of 0 by means of hydrochloric acid or sodium 
hydroxide solution. The ferric chloride solution is dien poured through the silver 
reductor at a moderately slow rate and allowed to fall into a 100-ml. Erlenmeyer 
flask, tln-ough which a current of nitrogen is passing to exclude oxygen. The 
reductor tube is rinsed through with 10 ml. of 1 N hydrochloric acid and the 
rinsing is collected in the Erlenmeyer flask. With nitrogen still passing, 2 to 4 
drops of 0.1% Ferroin indicator solution are added, and the contents of the flask 
are titrated with the 0.01 N ceric sulfate solution, freshly prepared from the 0.1 N 
stock solution. The color change at the end point is compared directly with the 
standard 0.01 N ferrous ammonium sulfate solution, which has been just oxidized 
witli the same 0.01 N ceric sulfate for the purpose of standardization. 


MICRODETERMINATION OF GOLD BY HYDROQUINONE 

REDUCTOMETRY 

Principle.-The gold sample is brought into solution as chlorauric acid. When 
this IS treated with o-dianisidine, a color is produced. Titration widr the stand 
aMized hydroqumone solution reduces the gold from trivalent to the metallic state 
widi consequent disappearance of the red color.®* 

Apparatus.—^o special apparatus is required. 

oa Furman, N. H., in Bottger, W., eel.. Newer Methods of Volumetric Chemirai \ i • 
D. Van Nostrand Co., Inc., Princeton. 1938 umetiic Clienucal Analysis, 

G- BlimieAdahkH., Microchemie, 18 39 193^ 

Pollard. W., Analyst, 62, 597, 1937. ’ ’ 
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Procedure.— The ore or alloy, containing about 2 mg. of gold, is treated first ^vith 
nitric acid. The resulting gold is then dissolved in bromine water and aerated 
to remove excess of bromine, if the gold is already in solution it is made about N 
acid with hydrochloric acid. Trace amounts of gold in solution are concentrated 
by coprecipitatioii with tellurium as follows: a tellurium solution is prepared h) 
dissolving 0.5 g. of tellurium metal in 0.5 ml. of nitric acid and 2 ml. of h)dro- 
chloric acid; the solution is evaporated to remove nitric acid, and then 2.5 ml. of 
concentrated hydrochloric acid are added, and the solution is diluted to 50 ml.; 
2 ml. of this solution are added to each liter of solution coiitaiiiing gold, as low 
as one part in a Utousand million; sulfur dioxide gas is passed in until saturation, 
and the solution is allowed to stand overnight. The tellurium comes down in 
granular form and carries with it any gold. The precipitate is filtered by suction, 
and the precipitate and filter paper are transferred to a small crucible, dried, and 
ignited to remove most of the tellurium. After cooling, the residue iii the crucible 
is treated with 0.3 ml. of concentrated hydrochloric acid and 0.1 ml. of concentrated 
nitric acid. The crucible is then placed on a water bath for 15 min. to dissolve 
the precipitated gold. Then a bent tube attached to the water aspirator is placed 
above the liquid so tliat air can be drawn over its surface for above 5 min., wherein 
all nitrogen oxides and free chlorine are removed. 

To the solution in the aucible are now added 1 ml. of 5% potassium fluoride 
buffer solution and 1 ml. of the o-dianisidine indicator solution (prepared by dis- 
solving 50 mg. of odianisidine in 20 ml. of water, adding 0.2 ml. of concentrated 
hydrochloric acid and diluting to 50 ml. with distilled water). Immediately, the 
solution is titrated with the standardized hydroquinone solution (I ml. equivalent 
to 1 mg. Au; prepared by dissolving 418.6 mg. of pure hydroquinone in 200 ml. 
of distilled water, adding 10 ml. of concentrated hydrochloric acid and making up 
to 500 ml.). The end point is the disappearance of the red color. 

MICRODETERMINATION OF MOLECULAR WEIGHTS 
THE CRYOSCOPIC METHOD 

Principle.~The sample is mixed with a known amount of a suitable solid, m 
whose melt it dissolves without chemical change. The melting point of the mixture 
is determined and compared witii Uiat of the pure solid solvent. The molecular 
weight is calculated from the depression of the melting point. Camphor is com- 
monly used as the solvent because it gives a large molal depression value. This 
metliod is applicable to the determination of molecular weights of organic com- 
pounds only. 

The micro cryoscopic method is usually called the micro-Rast method for deter- 
mining molecular weights. As can be seen from the procedure described below, 
however, the technique used is diEeretU from the semimicro method, which works 
witli decigram quantities of the solid mixture.** Less than one mg. of the sample 
is needed in the micro metliod, and the result is in general more reliable than 
that obtained by using many times the amount of sample. 

Apparatus. Melting Point Tube.— The ordinary melting point capillary should 
not be used in the micro cryoscopic method for determining molecular weight, 
because it is not suitable for the introduction of a measured amount of material 
into the bottom and for sealing the sample without any loss. The melting point 

68 Rast, K., Berichte. 55B, 1051, 1922. 
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, , tt;,,- Tt is made from 10-mm. soft glass 

tube *7“ and the tapered section of appropriate dimension is 

cltosen'. xt is dosed to form a round bottom. A stmple tray to 


(a) 



Fig. 18-71. Making the Melting Point Tube for Micro Cryoscopic Method for Molecular 

AVeight Determination. 

accomplish this is as follows; (a) the narrow end is heated over a fine flame and 
drawn out rapidly to a long fine thread; (b) the point near the narrow end of the 
tapered tube is cut by means of tire ampoule cutter; (c) the tapered tube is held 
by the drumb and middle finger and the wide end is stoppered by means of the 
index finger; (d) the tip is heated over a fine flame to close the narrow end, which 
is simultaneously blown out to a round bottom 

due to the expansion of die trapped air. The < ~ • r ’ 

finished melting point tube (e)_ should have a ^ 

length of about 40 mm., and inside diameter ino Senii-Solid. 

of about 1.5 mm. at the bottom and 4 mm. at 

the open end. Needless to say, the walls of the melting point tube should be as 
thin as practicable. 

Capillary and Plunger.— See Fig. 18-50. Two sets are required, one for solid 
sample and the other for the solvent. The capillary for semi-solid is shown in 
Fig. 18-72. 

Procedure. Preparation of the Sample.— If the sample is a solid, it is finely 
ground and placed on the micro agate mortar or watch glass. The melting point 
tube is held in an upright position by inserting it into a tare flask (Fig. 18-3(b), 
but without lead shots), and the two are weighed togedrer on the microbalance. 
They are then removed from dre microbalance pan and placed in front of the 
balance case. About 0.5 mg. of die solid sample is pushed into the capillary-and- 
plunger combination. The latter is wiped with a fine brush, and carefully inserted 
into the^melting point tube until the sample is about 2 mm. from the bottom 
(Fig. 18-73). If the sample is a serai-solid it is picked up by touchino^ the tip of 
the micro glass rod (Fig. 18-72) into the sample container and brought inside the 
melting point tube. In either case, precautions are taken so that no sample 
toudies the upper 30 mm. of the melting point tube. The solid sample is trans- 
ferred into the melting point tube by being pushed with the plunger- the semi 
solid sample is transferred by touching the tip of the micro glass rod to ’the bottom 
of the melting point tube. 
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After the proper weight of the sample has been introduced into the melting point 
tube, about 10 times its weight of finely powdered camphor (or other suitable 
solvent) is now added by means of the second (and larger) capillary-and-plunger 
combination. The tare flask, melting point tube, and its con- 
tents are again weighed accurately to obtain the exact weight 
of the solvent added. 

Detennmation ot the Melting Point.— The melting point 
tube is removed from the tare flask and sealed in the following 
manner (Fig. 18-74: (a) a micro glass rod is affixed onto die 
open end of die melting point tuiie over a fine flame; (b) the 
melting point tube is heated at a position about 25 mm. front 
the sample and solvent until the tube is sealed; (c) the section 
of the melting point tube to the right of tlie seal is heated 
until ilie glass softens to give a solid rod which is drawn out 
to form a handle, (d). 

Another melting point tube is prepared in a similar way 
containing about 5 mg. of the pure solvent only. Both sealed 
melting point tubes are now tied to a tliennometer by means 
of fine copper wire {Fig. 18-75). The thermometer and melt- 
fcninc SoIid^Sant point tubes are placed inside the melting point bath such 

pie into the Mi- apparatus shown in Fig. 18-62. It is important that the 

cro Melting Point entire bulb of the melting point tube be below the surface of 

Tube. tlie bath liquid. The temperature of the batli is rapidly in- 

creased until it is about 10*C. above tlie melting point of die 
pure solvent. Then both melting point tubes are allowed to cool inside the bath. 
When solidification has taken phee in both tubes, die piocess of heating and cooling 
is repeated. Tlie tube containing the sample is inspected to assure that the fusion 
is homogeneous, and that there is no sublimate on the walls. If these conditions 




are not satisfied, the process of melting and resolidification is again repeated. Then 
the respective melting points of the pure solvent and its admixture are simultane- 
ously determined. The determination is repeated twice. If die melting point of 
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the admixture is not constant, either the mixing is not yet complete or the sample 
reacts chemically with the solvent. In the latter case, a different solvent should 

^"cSlZdon of the Molecular Weight-The molecular weight of the sample is 
calculated from the respective weights of the sample and solvent, difference in t re 
melting points of tlie two tubes, and the 
molal depression constant of the solvent. 

The latter value should be deterrmned for 
each batch of the solvent, using a known 
compound of high purity. 


THE EBULLIOSCOPIC METHOD 
Principle.— The ebullioscopic method is 
dependent on the elevation of the boil- 
ing point of a pure solvent due to the 
presence of a nonvolatile solute. Reduc- 
tion of tlie Beckmann technique for de- 
termining molecular weight to the milli- 
gram scale by the ebullioscopic metliod has 
been, described by Pregl.®^ It involves the 
use of a micro-Beckmann thermometer 
about 180 mm. long and a boiling tube 
that holds 1.5 ml. of the solution. Diffi- 
culty is frequently encountered due to 
superheating of the liquid and die air 
current surrounding die apparatus. 
Rieche has proposed a modification in 
which the boiling solution is caused to 
circulate around the mercury bulb of the 
micro-Beckmann thermometer. Five to 
10 ml. of the solution are required, and 
the observation of the change in boiling 
point is still difficult. The method using 
a differential thermometer, as suggested 
by Menzies and Wright,'^ is suitable for 
adaptation to microanalysis. 


Cu 



W 


Fig. 18-76. Micro Molecular Weight Ap- 
paratus of Smith and Milner. 

vacuum jacket, S, and water 
the neck, G, 
prevent bump- 
corresponding bulbs 
The upper- section of die differential 


Apparatus.— Tht apparatus proposed 
by Smidi and Milner "2 is shown in Fig. 

18-76. The boiling tube, TFW, is fitted with the 
condenser, C. The boiling bulb, F, has a capacity of 3 ml., witl 
graduated in 0.1 mm. A tungsten wire, IF, is sealed in the bulb to 
mg; and bo are 2 enlargements to accommodate the 
and of the differential thermometer. 


BerliSs^" organische Mikroanalyse von Fritz Pregl, 4th Ed., Springer. 

10 Rieche, A., Mikrochemie, 12, 129, 1932 

't' S. L.. Jr., J. Am. Chera. Soc., 43, 2314 1921 

Smith, D. F., and Milner, R. T., Mikrochemie, 9, 117, 1937 . * 
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thennometer is wound wiiJi a copper spiral, and the part between the two bulbs 
and B^ is graduated in millimeters. P is the Cottrell pump. 

The apparatus constructed by Balls and co-workers is shown in Fig. 18-77 It 
can be used for tlie inicrodctenniiiatioii of molecular weight with 1 ml. of tlie 
solution. 



Fic. 18-/7. Mkio Molecular Weight Apparatus of Balis and Co-workers. 

Procedure.-i:\\ti boiling tube, TFW (Fig. 18-76), is clamped in a vertical posi- 
tion, and an asbestos board, witli a 5 mm. hole in tlie center, is placed under the 
boiling bulb, F, so that the tungsten wire, (F, protrudes tlrrough the hole; 3.00 ml. 
of the pure solvent are delivered into the bulb, F. A microburner is placed 
directly under the tungsten wire, IV, and is so adjusted that the liquid will reflux 
gently vvhile water is running through die condenser, A standard thermometer 
IS then inserted into die vapors and the true boiling point of the solvent deter- 

'•* Balls, E. private cominiinicalion. 
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mined to die nearest 0.1“C. The amount of liquid actua ly present in ‘ ^ 

bulb F, is then determined by removing the burner, quickly checking the ebul i- 
tion by touclnng the bottom of F with a beaker of cold water, and immediate > 
reading the volume of the liquid from the graduation, G, which has been previous y 

The standard thermometer is now removed and the Cottrell pump lowered into 
die boiling bulb, F, over the tungsten wire, W. The differential thermometer is 
then clamped in such a position that its lower bulb is directly under the opening 
of the Cottrell pump, but not in contact widi it, and that its whole length does 
not touch any part of the boiling tube, TFW. The microburner is replaced and 
the liquid boiled briskly enough to pump it in an almost continuous stream over 
the lower bulb of die thermometer. Then at intervals of 1 or 2 min., readings 
are made (by means of a telescope) on the millimeter scales etched on the ther- 
mometer. When die readings have become constant, they are recorded. The sam- 
ple (10 to 15 mg.), made into the form of a pellet in the pellet press, is accurately 
weighed and dien dropped into the boiling bulb, F. Again the liquid level inside 
the differential thermometer is allowed to reach a constant value, and the reading 
is recorded. Additional pellets may then be introduced and the corresponding 
records made. The elevation of the boiling point in degrees C. is obtained from 
the conversion table,'^ and the molecular weight of the sample is calculated in the 
usual manner. 

THE ISOTHERMAL DISTILLATION METHOD 

Principle.— U two solids are dissolved in a common solvent in separate containers 
and the two solutions are allowed to come to equilibrium with respect to each 
odier, tile molar concentration of these solutions will be identical. This is the 
basis of the isothermal distillation method for determining molecular weight pro- 
posed by Signer.'-* Like the ebullioscopic method, this method is applicable to 
organic and inorganic compounds, and is limited to nonvolatile substances. It 
should be noted that most inorganic compounds dissociate in solution, while associ- 
ation of molecules is not an unusual phenomenon among organic compounds. 
Therefore, the result of molecular weight determination should be carefully inter- 
preted. 

Apparatus. The Modified Signer Apjiaratus.— The Signer apparatus lias been 
modified by Ma and Jaffe^s to pennit simple and convenient operation. As shoivn 
in Fig. 18-78, *e apparatus is constructed from 2 graduated pipets, A and B, sealed 
to the respective bulbs, C and D, of 2 ground-glass, capped tubes, which are con- 
nected to each other through a cross tube. The latter is provided with a stop- 
cock, E. This apparatus is employed when the final volumes of the 2 solutions 
are measured for the calculation of tlie molecular weight of the unknown. 

The Apparatus of Morton, Campbell, and Ma. — This apparatus (Fio-. 18-79) is 
used when the iveights of the solvent in the respective vessels are measured in order 
to obtain the concentrations (by weight) of the final solutions. Since precise meas- 
urement of weights IS possible by means of the microbalance, this apparatus eives 
more accurate molecular weights than those obtained by the modified Signer apoa- 
ratus As shown m the figure, the solutions are contained in 2 platinum cruciWes 

1 1.5-ml. capacity, that fit into 2 holes in q metal block placed inside a vacuum 

■■* Signer, R., Ann., 478, 246, 1930. 

■5 Ma, T. S., and Jaffe, E., unpublished work. 

• ^lovton, J.E., Campbell, A. D., and Ma.T.S., Analyst, 78, 722 1953 
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desiccator. The desiccator is clamped onto a slosvly rocking device To prevent 
loss of volatile solvent, the platinum crucibles are weighed Inside vveiEhinc bottle, 
With tightly fitting ground-glass stoppers. ° 

Procedure. Determination by Measuring the Solution Volumes After Equi 
hbrium.-The ground-glass caps of the apparatus (Fig. 18-78) are removed and 
stopcock grease is carefully applied so that it will not contaminate the inner’walls 



Fic. 18-78. Modified Signer Apparatus for Microdetermination of Molecular Weights. 


of the two bulbs, C and D. Using the microweighing tube (Fig. 18-12), enough of 
the standard (a known compound of high purity and having solubility behavior 
similar to that of tlie unknown) is accurately weighed into the bulb, C, to make 
about 1.5 ml. of approximately 0.1 j\I solution. A suitable amount of the un- 
known is then accurately weighed into the bulb, D. by means of another miao- 
weighing tube. The quantity of the sample taken should be such that the final 
solution will have a concentration of slightly less than 0.1 M, and a volume of 
about 1.5 ml. Three ml. of the solvent are then delivered into each tube by means 
of a pipet. The glass caps and spring hooks are replaced. The apparatus is 
slightly tilted so that part of the solvent runs into the respective graduated tubes, 
A and B. The stopcock, E, is then connected to the vacuum pump to remove the 
air in the apparatus. When the volume of liquid is reduced to about 1.5 ml. on 
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each side, d.e 

‘‘ dear-LHiions, Then 

i't’is placed inside a large =‘>“';;|;;7. nfgh”. “ 

™,“ttiu“t?nsto Che standard solutiL from C to the graduated tube, 

X"anTtlrrnnknor,n solution from D to B. The '->r“ 71*= 

solutions are then returned to their respective bulbs. This process 



Fic. lS-79. Rocking Desiccator for Micro Molecular AVeight Determination. 


every 24 hr. until tlie volumes become constant. From the respective weights of 
the unknown and the standard, and the volumes of their solutions, the molecular 
weight of die unknown is then calculated. 

Determination by Measuring the Weights of Solutions After Equilibrium.— 
About 5 mg. of the sample are accurately weighed in 1 of the 2 platinum crucibles, 
and the standard substance is weighed in the other. The crucibles are placed in 
the holes in the metal block; 0.3 ml. of the solvent is added to each crucible, and 
0.5 ml. is poured on the block. The cover of the desiccator is placed in position 
(see Fig. 18-79) and air is evacuated from the system under controlled conditions 
so diat each crucible still contains 100 to 200 mg. of solvent at the end of the 
e-vperiment. This is adrieved by connecting the desiccator tlirough a large bottle 
of about 2.5-1. capacity to a water pump. AVith the connection between the bottle 
and the desiccator closed, the pressure in the bottle is reduced to 200 mm. of 
mercury. Then the connection between the bottle and the pump is closed, and 
that between the bottle and the desiccator is opened to equalize the pressure 
The desiccator is disconnected and rocked at 10 strokes per min., tlirough an an^le 
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of 30“, in a thermostat, at 25'’C. for 24 hr. At tire end of this time, tlte desiccator 
is opened and the crucibles are quickly placed inside the respective weighing bottles 
and neighed. The crucibles are tlien returned to the desiccator. A few drops 
of solvent are placed on the metal block, and tlic apparatus is evacuated as before. 
After a further 24 hr. of rocking in the tliennostat, the crucibles are again weighed. 

The solutions are assumed to have attained equilibrium when the ratio of theji 
concentrations (by weight) is constant for 2 concentrations at 24-hr. intervals. The 
molecular weight of the sample is then calculated from the formula; 


All 


WxSiMi 

fViSi 


Where A/j and A/g ai'c* die molecular weights of the unknown and die standard 
substance respectively, ll'i and Wa weights of live unknown and standard 

substance, and Si and are the weights of solvent in the crucible containing the 
unknown and standard substance, respectively. 

THE THERMO-ELECTRIC METHOD 

Principle.— This method is dependent on the establishment of, and measurement 
of, the steady-state temperature difference obtained between drops of a solvent and 
a solution suspended in die atmosphere of die solvent at a hxed ambient tempera- 
ture. Two thermistors are used to support the pendant drops and to measure their 
temperatures. On one thermistor is placed the pure solvent and on the other 
the solution, while the vessel is saturated with the vapor of the solvent. The 
solvent temperature remains constant, being subject to equal rates of evaporation 
and condensation. The solution, however, increases in temperature due to vapor 
condensation. The temperature difference is proportional to the mole fraction 
of the solute. It should be noted that the temperature change is extremely small 
(about 0-03*C.). Therefore, a perfectly matched pair of thermistors is required, 
and strict temperature control is essential.’^ 

Apparaltts.—The solvent-vapor chamber and diermisior assembly developed by 
Neumeyer^* (Fig. 18-80) is composed of a glass vessel, A, covered with a Bakelite 
cap, B, which is machined to fit the ground-glass joUiL C is a stainless steel rod 
that holds the Teflon thermistor support, D. E is 5-mm. glass tubing which houses 
the thermistor, F, die latter being affixed by means of cupric oxide-phosphoric acid 
cement, G. H is 40-turn platinum wire coil made with 0.3 mm. diameter wire. 
7 is 3-mm. thick absorbent paper lining the total depth and about liiree-fourths 
of the circumference of the inner wall, and covered on both sides with 1.5 mm. 
mesh aluminum screen. 7 is a stainless steel crucible to catch the liquid from the 
thermistor and coil. A pear-shaped solvent-vapor chamber has been proposed by 
Tomlinson,^® who claims that this shape produces an effective spherical cell when 
solvent is introduced into it, thus simplifying theoretical calculations. 

The Wheatstone bridge circuit, used with the Neumeyer apparatus (Fig. 18-81), 
is composed as follows: B^, 4.5 volt battery; Sj. switch, 72^ and 7?2> 100000 ohm 
variable resistor; Tfg, 1000 ohm variable resistor; 20 ohm variable resistor; Ry 
1000 ohm, 10-iurn, wire-wound micropotentiometer; TM^ and TAfg, thermistors; 
Ml, 0-50 microammeter; and A/j, null detector. 

T7 Simon, \V., and Tomlinson, C., Chimia, 14, 301, I960. 

78 Neume>er, J. J., Anal. Chira. Acta, 20, 519. 1959. 

79 Tomlinson, C., Mikrochim. Acta, 1961, 457. 
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Procedure -Tht solvent-vapor chamber and thermistor assembly are immersed in 
Piocedure. F 30 ± O.OLC. The pure solvent is delivered 

thermostat, L (Fig 18-80 at ± l.re.s solvent. K. about 


Onth nlatinum wire cons coveiuig oic - ------ , i i 

of soh^^nt. This is accomplished by inserting a long glass dropper through a hole 
h the Bakelite cap, B. The dropper is stored, when not used, m a copper tubing, 
which is sealed on the bottom and immersed in the thermostat. The micropotenti- 



Fig. 18-80. Neumeyer Apparatus for Microdetermination of Molecular ^Veight. 

ometer, (Fig. 18-81), is set at zero resistance and the switch, is turned on. 
When temperature equilibrium has been established within the vapor chamber, 
the Wheatstone bridge is balanced using resistors and R^. The solvent in con- 
tact with the sensing thermistor, TMj, is then replaced by rinsing with 0.1 to 0.2 
ml. of solution, which has been previously brought to the temperature of the 
chamber by immersion of its container in the thermostat. The bridge is again 
balanced using the micropotentiometer 2?g. About 3 min. are required for the 
sensing thermistor to reach its maximum temperature. The maximum resistance 
of the micropotentiometer is recorded. This value is used to calculate the molecu- 
lar weight of the solute by the formula: 

V/ = ^ ~ 

ARX JV, 

Where M and are the molecular weights of the unknown and solvent respec- 
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fio. 18 81. Xcunic\er Circuit tor Microdctenninaiion of Molecular ^^'e^ghI. 



Tic. 18-82. Micro Molecular Weight Apparatus of Bralion and Lochte. 
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tivelv, W and W, are the weights of the unknown ahd solvent in the test solution, 
AR I the change in resistance, and K is a constant for the particular solvent. K 
determined for each solvent by making measurements on pure compounds of known 
molecular weights. 


THE VAPOR DENSITY METHOD 

Principle.— A method, whicli is the micro scale adaptation of the Victor Meyer 
procedure for determining molecular weight, has been described by Bratton and 
Lochte.80 The sample is volatilized under controlled conditions, and the volume 
of vapor obtained is measured indirectly by observing the change in pressure. This 
method is applicable only to liquids. 

Apparatus.-The apparatus 8“ (Fig. 18-82) consists of the vaporization chamber, 
A, sealed to the manometer, FGl, and the constant temperature jacket, B, which 
is connected to the condenser, J. A is supported in B by a split stopper and the 
bottom of A is centered by 3 short glass rods, C, sealed on B. The stopcock, D, 
of the vaporization chamber. A, should have a bore of at least 2 mm. so that the 
capillary containing the sample can pass through it. The side tube, E, is a capillary 
tubing, which is joined to a 100-mm. length of 5-mm. tubing. A reference mark 
for the mercury manometer is etched just below the seal, F. The vaporization 
chamber. A, has 15-mm. outside diameter and 150-mm. length in its wide part; its 
volume is determined before use by filling with water to the reference mark. The 
outer jacket, B, is clamped on a stand, and passes through a hole of the asbestos 
board, A^ 

An apparatus more complicated than that above has been proposed by Sobotka,®i 
in which a technique to break the capillary inside the vaporization chamber is 
described. 


Procedure. Preparation of the Sample.— A micro-weighing capillary (see “Sample 
Containers,” under “Preparation of Sample for Microanalysis,” above, p. 364) is 
prepared without the air chamber, and with a lengtli of clean iron wire placed in 
the liquid chamber before making the tip. The outside diameter of the capillary 
should be smaller than the bore of the stopcock, D. After about 5 mg. of the 
sample have been introduced into tlie capillary, it is sealed to form a hook as 
shown in Fig. 18-83, and then accurately reweighed. 


Vaporization and Measurement of Pressure.— A liquid with a boiling point about 
20°C. above that of the sample is poured into the outer jacket, B, to a depth 10 mm. 
below tire end of the vaporization chamber, A. The manometer is filled with 
mercury and A is lifted and tilted to fill trap, G, which serves to catcli any air aris- 
ing from the manometer. The chamber. A, is then returned to its original position 
inside of the jacket, B. Stopcock D is closed, and the burner under B is lighted. 
The liquid is boiled just vigorously enough so that B is filled with vapor at all 
times. Stopcock D is now opened and the level of the mercury in the right-hand 
manometer is brought to the reference mark, and D is again dosed. When no 
change in mercury level has been noted for 5 min., the determination is begun 
Stopcock D IS opened and the capillary containing the sample is inserted The 
hook of the capillary rests on the bore of the stopcock while the liquid chamber 
passes through the stopcock (see Fig. 18-83), The mercury is brought to Ure 


80 Bratton, A. C., and Lochte, H. L., Ind. Eno- 
siSdbotka, M., Mikrochemie, 39, 414, 1952. ° 


Ghem.. Anal. Ed., 


4, 365, 


1932. 
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reference mark, and the level of mercury in 7 is read on the scale, H, to 0.2 mm. 
'I'he stopcock is turned to close ilie system, simultaneously breaking the capillary, 
whiclt falls to the Imttom of the vaporization chamber, 
(1. The leveling hulb, /, is gradually raised, and when 
no further iiiacasc in pressure in A is noted, the mer- 
cury is adjusted to the reference mark and the level 
in 7 is again read. The dilference in the initial and 
final readings gives the change in pressure in the 
vaporization chamber A. The leveling bulb, 7, is low- 
ered, and the plug from the broken capillary is re- 
moved Irom the stopcock, D. A magnet is then used 
to guide the capillary out of the vaporization chamber. 

Those compounds that tend to decompose when 
heated to their boiling point at atmospheric pressure 
can he vaporized at reduced pressure in the following 
manner: tlie capillary containing tlie sample is in- 
serted in stopcock Z>; stopcock L is then connected to 
D by the rubber pressure tubing K\ L is closed, and 
M is connected to a vacuum line: the leveling bulb, 
I, is lowered so that tlie mercury at F falls to a point 
just above G: stopcock L 1$ slowly opened and, if neces* 
Fic. 18 83. Capillary for sary, the leveling bulb. /, is again lowered; L is then 
Nficiodetermniaiion of Mo- dosed, and the mercuty is brouglit to tlie reference 
letular Weight. mark; if die mercury level remains constant, the level 

of the mercury is recorded in millimeters, the capillary 
tube broken by turning D. and Uic determination completed as previously described. 
Calculation.— The molecular weight of the sample is calculated by the formula: 



MoL vvi. 


22.4 1 X 760 X rX M* 
273 X K X A7^ 


Where T is the absolute temperature of die vapor baili, W is the weight ol sample 
in milligrams, V is the volume of the vaporization chamber in milliliters, and AT* is 
the change in pressure witliin the vaporization diamber in millimeters of mercury. 
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ANALYSIS 


By Sidney Siggia 

Olin Mathiesoii Chemical Corp. 
New Haven, Connecticut 


This section constitutes a compilation of methods o£ analysis making possible 
the quantitative determination of die majority of types of organic chemical mate- 
rials tliat will be encountered by an analyst or cliemist. All operating details of 
die procedures are given, and the methods of analysis can be applied directly from 
this book widiout referring to the original article or text. 

The methods described are limited by die scope of this text. It would be im- 
possible to include all die accepted methods in the allotted space; Iioueier, an 
attempt has been made to cover die common situations. Thus, for example, in 
the section on carbonyl compounds diere is given a general method, a method for 
aldehydes in the presence of ketones and acetals, and a meUiod for trace caibonjls. 

The methods described herein are titrimetric and gravimetric in nature, and tlie 
reactions used for the analytical determinations are based on the functional groups 
on the organic molecule. Methods for measuring some of die less common types 
of organic compounds, such as imides, sulfoxides, sulfones, amine oxides, and some 
otiiers are not included. 

For more complete coverage of the subject or of die analysis of any particular 
class of organic compounds, die reader is referred to die following texts; 

Mitchell. J.. Jr., Koltofl, I. M., Froskauer E. S.. Weissberger, A., Organic Analysis, Vols. 
I-IIl, Interscicncc I’ublislicis, Inc, Nciv ^ork, 1953-1956. 

^ Organic Analysis Via Cuacfiottai Ctoups, 2nd Ed., John Wley 

Sons. Inc., New York. 1954. 

Wild, F., Estimation or Organic Compounds. S}ndics of the Cambridge University Piess, 
London, 1953. 

For texts geared to student instruction, the reader is referred to the following: 

Fritz, J S., and Hammond, G. S., Quantitative Organic Analysis, John Wiley and Sons, Inc., 
New York, 1957. 

Siggia, S., Stolteii, H. J., An Introduction to Modern Organic Anal>sis, Intersdence 
Publishers, Inc., New York, 1956. 

Stone, K. G., Determination of Organic Compounds. McGraw-Hill Book Co., Inc., New 
York, 1956. 



QUANTITATIVE ORGANIC ANALYSIS 
HYDROXY COMPOUNDS 

GENERAL METHOD USING ESTERIFICATION WITH 
ACETIC ANHYDRIDE 


METHOD 1: UNCATALYZED REAGENT^ 


O 


CHaC 

\ 

O + ROH 

/ 


CHaC 

\ 

O 


CH 3 COOR + CH 3 COOH 


Reagents. Acetylating Reagent.— One volume of ACS grade acetic anhydride 
and tliree volumes of reagent pyridine. Reagent should be prepared fresh each 
day. 

7 t-Butanol.— Technical grade. 

Mixed Indicator Solution.-One part of 0.1% aqueous cresol red neutralized 
with sodium hydroxide and three parts of 0 . 1 % thymol blue neutralized with 
sodium hydroxide. 

Standard Alcoholic Sodium Hydroxide (Approximately 0.5 2V.)— Sodium hydrox- 
ide, 0.1 N, can be used for semiraicro samples, but the clarity of the end point is 
poorer than when die 0.5 N reagent is used. Alcoholic sodium hydroxide is best 
prepared by mixing the required amount of saturated aqueous sodium hydroxide 
approximately IS N) with aldehyde-free ethanol or with c.p. methanol. The alco- 
holic alkali is standardized against potassium acid phdialate or against standard 
acid by use of the mi.xed indicator. 

Procedure.— A weighed sample containing about 0.010 to 0.016 mole of hydroxyl 
is introduced into a glass-stoppered iodine flask together with 10.00 ml. of the 
acetic anhydride-pyridine reagent. The acetylating solution should be accurately 
measured, a pipet being used. The glass stopper should be well moistened with 
pyridine and loosely seated. The flask is put on a steam bath for 45 minutes. 
Then 10 ml. of water is added by tvay of tlie well on the top of the flask, and the 
flask is swirled to bring the water in contact with all the reagent. After 2 min- 
utes, the flask is cooled in ice or under running water, with the stopper partly 
open to prevent a piurtial vacuum from forming inside the flask. The sicles of 
die flask and the stopper are rinsed widi 10 ml. of n-butanol, a few drops of indi- 
cator are added, and die contents are titrated widi 0.5 N sodium hydroxide. If 
die sample contains 0.001 mole of hydroxyl, it is advisable to titrate with 0.1 N 
sodium hydroxide even though the end point may not be as sharp as widi die 
0.5 AT reagent. 

Samples whicli yield highly colored solutions making die indicator useless can be 


Chem., Anal. Ed., 

Grount’ JnfVa f iggia in Quantitative Organic Analysis Via Functional 

Gioups. 2nd Ed., John Wiley and Sons, Inc., New York, pp. 9-12, 1954. Reprinted with 
permission of the copyright owners. ‘ 
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titrated potentiometrically by use of a potentiometer or pH meter witli glass and 
calomel electrodes.^ 

Any free acid or alkali in the sample sliould be determined on a separate sample 
by dissolving the sample in 5 ml. of pyridine and titrating with standard alkali or 
acid, the mixed indicatoi being used. 

Calculations.— Milliliters of NaOH used for blank — milliliters of NaOH used 
for sample (corrections being applied for any free acid or alkali which may be 
piesent) = A 

A X .VNaOHXQHXlOO ^ m qh 
G rams sample X 1000 ^ 

Discussion.— If the sample contains considerable water (more than 0.002 mole), 
additional acetic anhydride should he added to acetylate the alcohol readily. Water 
does not enter into the calculations, but it does destroy the reagent by hydrolyzing 
It to acetic acid. If too much rc-ageiit is destroyed there would not be sufficient 
to esierify the alcohol completely. 

Primary and secondary amines will interfere in this analysis. In fact, they acet- 
ylate so readily that this pioccdurc tan be used to determine them quantitatively. 
Aldehydes of low molecular weight also interfere by reacting with the anhydride. 

It IS well (keeping the equation in mind) to Temcmber that when all the an- 
liydiidc is consumed there will still be a titration equal to one-half the blank. If, 
when unknown samples are .inalyzcd, the titration should be in the vicinity of 
one-half the blank, it is iicst to repeat the analysis with a smaller sample to ensure 
sufficient reagent for the hydroxyl present. Hydroxyl groups on tertiary carbon 
atoms and hydroxyls of 2,-1,6-trisubstituted phenols do react with acetic anhydride 
but only very slightly. This type of hydroxyl group cannot be determined by 
tins method (there may be exceptions, but these are very few). 

iU£THOD 2: REAGENT CATALYZED WITH PERCHLORIC AC/D* 

This catalyzed acetylation has been published fairly recently and does not have 
the test of time as does Method 1. However, it is known to be more rapid dian 
Method 1 whicli is untatalyzcd. Also, it is known not to work well in determining 
hydroxyl groups on e.isily oxidi/cd compounds sudi as polyglycol ethers, yielding 
high, erratic results in these cases. When it. can be applied, it is much more 
economical in time over Method I. 

Reagents arid Solutions. Atctk Anhydride, 2 37, in Elliyl Acetate.— Add 4 g. 
(2.35 ml) of 72% perchloric acid to 150 ml. of ACS grade ctliyl acetate in a clean 
250-ml, glass-stoppercd flask. Pipet 8 ml. of ACS grade acetic anhydride into the 
flask and allow it to stand at room temperature for at least 30 minutes. Cool the 
contents of the flask to o'C. and .add 42 ml. of cold acetic anhydride. Keep the 
flask at S^C. for an hour, then allow the reagent to come to room temperature. 
Some yellow color will develop, but the color and anhydride content of the reagent 
lemain at satisfactory levels for at least two weeks at room temperature. 

Acetic Anhydride, 2 37, in Pyridine.— Cautiously add 0.8 g. (0.47 ml.) of 72% 
perchloric acid dropwise to 30 ml. of reagent grade pyridine in a 50-mI. flask. 
Pipet 10 ml. of acetic anhydride into the flask with magnetic stirring. As this rea- 
gent discolors and decreases in anhydride content after a few hours, it should be 

2 Fritz. J. S., and Schenk. G. H.. Anal. Chem., 31, 1808, 1959. Copyright 1959 by the 
American Chemical Society and reprinted with permission of the copyright owner. 
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prepared fresh daily. For acetylation of sugars dt 50°C., use 1.2 g. of p-toluenesul- 

fonic acid instead of the perchloric acid. . . , i . 

Acetic Anhydride, 3 M, in Pyridine.-Follow the directions above, but use 10 
ml of pyridine, 20 ml. of acetic anhydride, and 0.94 ml. of 72% perchloric acid. 

Sodium Hydroxide, 0.55 M.-To 185 ml. of saturated aqueous sodium hydroxide 
/’carbonate-free), add 430 ml. of water and 5400 ml. of methyl Cellosolve (Union 
Carbide Chemicals Company) or absolute methanol. Use only unopened cans of 
methyl Cellosolve, because solvent which has been opened to the air for some time 
develops a yellow color in die sodium hydroxide titraiit. 

Mixed Iiidicator.-iMix 1 part of 0.1% neutralized aqueous cresol red with 3 
parts of 0.1% neutralized thymol blue. 

Potassium Acid Phthalate.-Primary standard grade. 

Alcohol Samples.-Most liquid samples were fractionally distilled through a 24-in. 
Podbielniak partial reflux fractional distillation column. Many of the solids were 
vacuum-sublimed. The estimation purity of the purihed samples is in the range 


98 to 100%. 

Procedure.— Weigh accurately a sample containing 3 to 4 millimoles of hydroxyl 
into a 125-ml. glass-stoppered flask and pipet into it exactly 5 ml. of 2 M acetic 
anhydride in ethyl acetate or pyridine. Stir the solids or immiscible liquids until 
they are dissolved. Allow the reaction to proceed for at least 5 minutes at room 
temperature; some alcohols require a somewhat longer reaction period if pyridine 
is used as the solvent. Add 1 to 2 ml. of water, shake the mixture, then add 10 
ml. of 3 to 1 pyridine-water solution and allow the flask to stand for 5 minutes. 
Titrate with 0.55 M sodium hydroxide using the mixed indicator, and take tire 
change from yellow to violet as the end point. Titrate dark-colored samples to an 
apparent pH of 9.8 using glass-calomel electrodes and a pH meter. 

Run a reagent blank by pipetting exactly 5 ml. of acetylating reagent into a 
125-ml. flask containing 1 to 2 ml. of water solution, allow to stand 5 minutes, and 
titrate as above. The calculations are as indicated above for the uncatalyzed acety- 
lation. 


Note.— Dilute solutions ol pcidiloric acid in variotis organic solvents have been 
widely used in nonaqueous titrations. There is no hazard under the conditions 'uven in 
the above procedure. However, solutions acetylated with perchloric acid present should 
not be heated and the sample and blank solutions should be disposed of promptly after 
the determination is completed. 


Determine sugars which dissolve slowly in the above reagents by heating them 
5 to 10 minutes at SO^C. with 5 ml. of a pyridine reagent which is 0.15 M in p-tohi- 
enesulfonic acid instead of perchloric acid. Moisten the glass stopper with pyridine 
and seat loosely in the flask. After heating, cool the flask and hydrolyze the 
anhydride with tire 3 to 1 pyridine-water mixture at room temperature. Treat the 
blank similarly. Dry sugar samples only if analyzed at room temperature. 

Alternate Procedure for Water-Free Samples.-U&Q acetic anhydride in ethyl 
acetate for tire acetylation. After the acetylation period, add 10 ml. of a 1.5 M 
solution of distilled A^-methylaniline solution of chlorobenzene to the flask instead 
of the water and water-pyridine solution. After 15 minutes, titrate the excL 
A-methylaniline potentiometrically with 0.2 M perchloric acid in glacial acetic 
acid. For this titration use a glass indicator electrode and a sleeve-type calomel 
reference electrode containing lithium chloride in glacial acetic acid as the elec- 
tro yte solution. Determine the blank by reacting exactly 5 ml. of the acetic an- 
hydnde reagent with 10 ml. of A'-methylaniline solution as above and titrate 

•v) 



458 QUANTITATIVE ORGANIC ANALYSIS 

potentioraetrically ■with 0.2 M perchloric add in glacial acetic acid. This procedure 
is necessary for ethylsulfonyletliyl alcohol. 

ESTERIFICATION USING PHTHALIC ANHYDRIDE 

Phtlialic anhydride has not been used nearly as extensively for the determinatiort 
of hydroxyl groups as has acetic anhydride. Phthalic anhydride reacts with hy- 
droxyl more slowly than does acetic anhydride. Elving and VVarskowskys studied 
esterification with phtlialic anhydride in hot pyridine and confirmed the fact re- 
ported by previous workers Ural Uris reaction could be used as the basis for deter- 
mining hydroxyl groups in various alcohols. Aldehydes do not interfere with the 
alcohol determination when phthalic anhydride is used where it does interfere wher* 
acetic anhydride is used. 

iteogewi.— Prepare fresh daily 20 g. of phthalic anhydride in 200 ml. of pyridine- 

Procedure.— The phthalic anhydride should be acid-free. 

Weigh the sample into a 50-ml. volumetric flask. Select a weight of sample that 
tliere will be at least a 100% molar excess of phthalic anhydride. Add pyridine tc> 
\olume and shake thoroughly. Place 25 ml. of phthalic anhydride reagent into 
dean, dry, pressure bottle and add 10 ml. of the sample solution. Seal the bottle and 
place in an air oven at 100*0.; bold at that temperature for 1 hour. At tlte end 
of dtU time remove it from ti»e ovcu and release the pressure carefully. Add 50 
ml. of distilled water, mix, cool under cold tap water, and titrate immediately 
with sodium hydroxide solution (0.35 N) using phcnolphthalein indicator. Conduct 
a blank determination simultaneously and similar in all respects except for addi- 
tion of the sample. 

Calculation.— 

(Titration of blank — titration of sample) X X 1.701 
° Weight ol sample 

where N s normality of NaOH solution. 

ESTERIFICATION USING PYROMELLITIC DIANHYDRIDE* 

Acetic anhydride reacts more rapidly than phtlialic anhydride, but suffers in- 
terference from low molecular weight aldehydes. Phtlialic anhydride can he 
used in. the presence of aldehydes. Laiger concentrations of phthalic anhydride 
are necessary for complete reaction. Piiihalic anhydride is less volatile than 
acetic anhydride; therefore, tliere is less possibility for loss of reagent during heat- 
ing. Phthalic anhydride can be used to determine alcohols in the presence of 
phenols. Pyromellitic dianhydride (PMDA) combines the advantages of the two 
reagents. It can be used in the presence of aldehydes; it is not volatile; it can he 
used to determine alcohols in die presence of phenols; and its rate of reaction is 
comparable to that of acetic anhydride. The time involved for analysis is approxi- 
mately the same as that for the perchloric acid-catalyzed acetic anhydride reac- 
tion, although the PMDA method does require a heating period. 

3 Elving, P. J., and Warskowsky, B., Anal. Chem., 19, lOOG, 1947, as described by Mehlen- 
backer, V. C., Organic Analysis, VoL I, Interscience Publishers, Inc., New York, pp. SWG, 
1953 (latter edited by J. Mitchell, Jr., et al.). Reproduced with permission of the copyright 
ov\ ner. 

4Siggia, S., and Hanna, J. G., Anal. Chem. 33, 900-901, 1961. Copyright 19CI by the 
Amencan Chemical Society and teprinted in part v«iih pernnssion of the copyright owner. 
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Reasents. Pyromellitic Dianhydride, 0.5 M, in Tetrahydrofuran.-The pyro- 
mellitic dianhydride can be purchased from E. I. du Pont de Nemours & Company, 

^^Procedure.-A sample containing 0.010 to 0.015 equivalent of alcohol or amine 
is weighed and placed in a 250-m;. flask. Fifty milliliters of 0.5 M pyromellitic 
dianhydride solution are pipetted" into the flask, along with 10 ml. of pyridine. 
The flask is placed on a steam badi for 2 minutes and then on an electric hot plate 
for 5 minutes. Most of tlie tetrahydrofuran will boil off during the heating. Twenty 
milliliters more of pyridine are added, and the heating continued for 3 minutes. 
A 20-ml. portion of water is added, and the mixture again heated for 2 minutes to 
hydrolyze tlie excess anhydride. The mixture is cooled to room temperature and 
is titrated with 1 N sodium hydroxide to the phenolphthalein end point. A 
blank is run in the same manner, omitting only the sample. 

Discussion.— Hydrolyzed pyromellitic dianhydride titrated with standard sodium 
hydroxide solution showed only one inflection in the plot of volume of titrant vs. 
pH. The mid point of the maximum slope occurred at pH 9.1 to 9.2 indicating 
diat phenolphthalein is a suitable indicator. Calculated on the basis of alkali 
consumed up to this point, all four acid groups are neutralized. Tetrahydrofuran 
was used as the solvent because of the limited solubility of the anhydride in pyridine. 

Possible interference from aldehydes was checked by treating 2 to 3 g. eacli of 
fomaldehyde, acetaldehyde, furfural, and acrolein according to the procedure. No 
anhydride was consumed in any case. Alcohols to which aldehydes were added were 
determined. There is no significant interference from the aldehydes. The ac- 
curacy and precision by this method are comparable to that obtained by either 
die acetic anhydride or die phdialic anhydride methods. The recoveries obtained 
for medianol and ethanol indicate, that no special precautions are necessary to pre- 
vent loss by volatilization. 

Phenols do not react v/ith the pyromellitic dianhydride under the conditions of 
die procedure. This was proved by the fact that no significant amount of an- 
hydride was consumed when phenols were tried. Tertiary alcohols do react, but 
not quantitatively; therefore, they cannot be determined by this method. 

Any free acidic or basic materials present in the sample should be determined 
on a separate sample, and die final analysis should be corrected accordingly. 

DETERMINATION OF HYDROXY COMPOUNDS IN THE 
PRESENCE OF PRIMARY AND SECONDARY AMINES 

The above esterification methods will quantitatively determine primary and 
secondary amines along with the hydroxy compound, thus yielding the total value 
The amines can be determined by the titration methods shown on p. 488 The 
esterification value can then be corrected for the amine content of die sample 
yielding the content of hydroxy compound in the sample. ^ 


DETERMINATION OF COMPOUNDS WITH ADJACENT 
HYDROXYL GROUPS (GLYCOLS) s 
Molecules containing hydroxyl groups attached to adjacent carbon atoms are 
readily oxidized by periodic acid. The reaction is quite specific and clean cut 

5 Method o£ Pohle W D., Mehleubacher, V. C.. and Cook, J. H., Oil & Soao 29 n/ 
119, 194o, as described by Siggia, S., in Quantitative Organic Analysis Via Fnn7r;^^^7 
Groups. 2nd Ed., John Wiley and Sons, Inc^ New York np 16-18 10^4 p Functional 
permission ol the copyric^ht owner rori., pp. ip-ig, 1954 . Repnnted with 
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Single hydroxyl groups or hydroxyl groups not attached to contiguous carbons are 
generally not attacked. 

R— CH— CH— Ri 4* HIO< RCH + HCRi + H,0 + HIOj 

1 i \ / 

OH OH O O 

Reagents. Sodium Thiosulfate, Standard 0.1 N. 

Oxidizing Reagent.— To a solution of 5 g. of periodic acid (HIO 4 ) in 200 ml. of 
distilled water is added 800 ml. of glacial acetic acid. The solution should be kept 
in a dark, well-stoppered bottle. 

Potassium Iodide Solution. 200 g. per liter. 

Starch Indicator Solution, 1%. 

Procedure.— A sample containing approximately 0.0005 to 0.001 mole of diliy- 
droxy compound is weighed into a glass-stoppered iodine flask. To the sample is 
added 100 ml. of oxidizing reagent. A blank is run on the oxidizing agent alone. 
The solution is allowed to stand for oiic-halC hour at room temperature. (For most 
compounds one-half hour is sufRcient; however, a few samples require I hour for 
complete reaction.) Then 20 ml. of potassium iodide solution is added, and the 
liberated iodine is titrated wttl) O.I N sodium tliiosulfate. 

Calculations.— 


Milliliters for blank — miJIUiiers for sample = A 
A y, N thiosulfate X mol. \vt. compound X 100 

G, — %d, hydroxy compound 

Discussion. The procedure as described above was originated to determine various 
monoglycerides. However, it also works well for other dihydroxyl compounds such as 
ethylene glycol, mannitol, glycerol (consumes 2 moles of periodic acid per mole gly* 
cerol), dextrose, tartaric acid (needs to stand for 1 hour). Epoxide ( — CH CH— ) 

O 

compounds may be determined by this method, but a longer time (one and onc-haif 
hours) and an eightfold excess of periodic acid are necessary. 

The titration for die sample should be more than 80% of die blank to make sure 
that enough reagent is present for complete oxidation because the iodate formed 
in the reaction also liberates iodine from potassium iodide. If all die periodic 
acid were reacted, the titration would be 75% of the blank. Caution should be 
taken where the reaction products are formaldehyde or formic acid because these 
materials are subject to slow, though definite, oxidation at room temperature. 

To analyze mixtures of glycerol and dihydroxy compounds this method can be 
used in combination with the meiliod of Bradford, Pohle, Gunther, and Mthlen- 
bacher.® The latter method involves periodic acid oxidation and titration of the 
formic acid formed by reaction with the glycerol. The method described here will 
yield both the glycerol and tlie dihydroxy compound. The difference between tlie 
results of both analyses will yield the dihydroxy compound. 

In general, periodic acid will not oxidize sucli compounds as olefins, alcohols, and 
aldehydes. Some compounds not containing adjacent hydroxyls are attacked. An 
e Oil and Soap. 19, 189, 1942, 
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example is 2-butyne-1.4-diol (HOCHsfeC-CHoOH). It oxidizes very slowly, how- 
ever, but significantly. Most amines are also attacked to some degree. 

DETERMINATION OF ENOLS ^ 

Enols are weakly acid compounds that can very often be determined by the 
acetylation procedure described above, but they can also often be determined 
quite simply by direct titration in nonaqueous media. Ethylenediamine and 
dimethylformanide have had quite an extensive tryout, and the procedure is de- 
scribed below. 

Reagents. Benzene.— Reagent grade. 

Dimetliylf ormamide.— T echnical grade. 

Ethylenediamine.— 95 to 100%. 

Azo Violet Indicator.-Saturated solution of /j-nitrobenzeneazoresorcinol in ben- 
zene. 

o-Nitroaniline.— 0.15 g. in 100 ml. of benzene. 

Thymol Blue.— 0.3 g. in 100 ml. of benzene. 

Sodium Methoxide, 0.1 to 0.2 iV.— About 6 g. of sodium are rinsed in methanol. 
The cleansed sodium is then dissolved in 100 ml. of methanol, and the reaction 
mixture is cooled if it becomes too vigorous. When all the sodium has reacted, 
150 ml. of methanol and 1500 ml. of benzene are added. The solution is protected 
from carbon dioxide and can be standardized, using benzoic acid as a primary 
standard. It should be restandardized every few days. 

Procedure.- Into an Erlenmeyer flask is introduced 20 to 30 ml. of dimetliyl- 
formamide, and two to three drops of thymol blue or azo violet indicator are added. 
The solvent is titrated with the sodium methoxide reagent to the blue end point to 
take care of any free acids in the solvent. The sample is then added and the ti- 
tration with metlioxide is resumed until the blue color is again obtained. Care 
should be taken to minimize absorption of carbon dioxide by the solution. The 
basic solvents take up carbon dioxide quite readily. A piece of cardboard over the 
beaker witli a small hole to admit the buret has been found adequate. On po- 
tentiometric titration a slight drift will be noted just beyond tlie end point. This 
is due to COo pick-up. For potentiometric titration, the glass and calomel elec- 
trodes can be used satisfactorily; usually more solvent has to be used in potentio- 
metric titration if a large amount of titrating solution has to be added. The 
benzene solvent in the titrant is detrimental to satisfactory operation of the elec- 
trodes so that more dimethylformaraide has to be present. Antimony-calomel 
electrodes can also be used. 

Discussion.— In using ethylenediamine, the same procedure as above is followed, 
e.xcept that the o-nitraniline is used as indicator. The end point color change 
is from yellow to orange-red. The authors of the original paper do not mention 
having tried potentiometric titration in this medium, and the author of this review 
has not tried it. However, other investigators » have reported the successful use of 
hydrogen-antimony, hydrogen-calomel, and antimony-antimony electrode systems. 

Interferences in the above titration would consist of any acidic material such as 
acids, phenols, thiols, or acidic amine salts. Active halogen compounds can inter- 
fere since they would split out sodium chloride with the titrating reagent. Some 

^ Methods of Fritz, J. S., Anal. Chem., 24, 674-675, 1952. 

8 Moss, Elliott and Hall, Anal. Chem., 20, 784, 1948. 
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esters interfere, and water is also an interference in Uie dimethylformamide system, 
but small amounts do not interfere in etliylenediamine if the indicators are used. 
Water can be an interference in a potentiomeiric titration. 

COLORIMETRIC METHOD FOR DETERMINING TRACE 
QUANTITIES OF HYDROXY COMPOUNDS 

Reid and Truelove “ showed that ceric ammonium nitrate can be used for 
quantitative determination of alcohols. This method is said to be patiiculaily 
advantageous for the estimation of small quantities of alcoliol in aqueous or water- 
miscible systems. 

Reagent.— Dissolve 20 g. of pure ceric ammonium nitrate in 100 ml. of stand- 
ardized 4 N nitric acid. Allow the solution to stand for a day or two until it be- 
comes completely clean and tiien decant into a clean bottle. Pipet 5.0 ml. of this 
reagent into a 250-ml. flask and add 50 ml. of dilute H^SO^. Titrate with O.l N 
ferrous ammonium sulfate using o-phen:intliroiinc as an internal indicator. 

Procedure.— Add 20 ml. of the reagent to 5.0 ml. of liie sample and mix well. At 
the same time prepare a blank using 20 ml. of the reagent and 5.0 ml. of distilled 
water. Measure the color exactly 5 minutes after mixing, particularly wiili the 
lowei alcohols since die colors given by these are less stable than those obtained 
with higher alcohols. The color obtained is evaluated by comparison with cali- 
bration curves prepared from alcohols of known concentration. The originators of 
the method estimated tlie color in a l-cm. Skepper cell using a Hilger OGl olive- 
green filter. 

D/scussion.— Complete information as to Interfering substances is not available; 
liowever, it is assumed that other compounds containisig hydroxy groups, sulfate 
ions, and certain oxidizing and reducing substances may lead to inconect results. 
The method has been applied to the following compounds: metliyl alcohol, ethyl 
alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, tcrt-butyl alcohol, 
monoeiiiylene glycol, dieihyiene glycol, and irieihylene glycol. 

CARBONYL COMPOUNDS 

GENERAL METHOD FOR DETERMINING CARBONYL 
COMPOUNDS USING THE OXIMATION REACTION 

Reagents. 2-DimeibylaminoeUianol, 0.25 il/.— Dissolve appioximately 22.5 g. of 
freshly distilled 2-dimeihylaminocthanol (Eastman Chemical Products, Inc, white 
label or equivalent) in 2-propanol to make 1 liter of solution. 

Hydroxylammoiiium Chloride, 0.4 iJ/.— Dissolve 27.8 g. of the pure salt in 300 
ml. of absolute methanol and dilute to 1 liter with 2-propanol. 

2-Propanol.— Reagent grade, absolute. 

Martius Yellow.— Dissolve 0.0667 g. of Martius yellow (Harleco, Hartman-Teddon 
Company) and 0.004 g. of methyl violet in ethanol and dilute to 50 ml. witli ethanol. 

B Method of Reid, V. W.. and Truelove, R. K., Analyst, 77, 325, 1952 as described by 
Mehleiibacker, V. C., Organic Analysis, Vol. I, Intersaence Publisliers, Inc., New York, p. 
48, 1953 (edited by J. Mitchell, Jr., et al.). Reprinted with permission of the copyright 
ouner, 

10 Method of Fritz, J. S., Yamamuia, S. S.. and Bradford, E. C., Anal. Chem., 31, 260, 
1959. Copyright 1959 by the American Chemical Society and reprinted with permission 
of the copyright owner. 
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Methyl Cellosolve.-Merck & Company. Inc., reagent grade or Union Carbide 

pSoricTcK2 M.-Pipet 17.0 ml. of 70% perchlonc acid and dilute to 1 
liter and methyl Cellosolve. Standardize by titration of tris(hydroxymethyl)amino- 

mediane. , j j j 

Tris(hydroxymethyl)aminomethane.— Primary standard grade. 

Procedure.— Weigh the sample containing 1.5 to 2.5 millimoles of reactive carbonyl 
into a 150-ml. glass-stoppered flask. Add e.xactly 20 ml. of 0.25 M 2-dimethylamino- 
ethanol, then add exactly 25 ml. of 0.4 M hydroxylamraonium chloride. Stopper 
the flask, swirl gently to mix, and let stand the required length of time. Ten 
minutes at room temperature is sufficient for most aldehydes and simple aliphatic 
ketones. Check doubtful compounds, using a longer reaction time. Aryl ketones, 
hindered aliphatic compounds, and dicarbonyl compounds require an oximation pe- 
riod of 45 minutes or longer at 70°C. Add five drops of Martins yellow indicator 
and titrate with 0.2 AI perchloric acid. Take the change from yellow to colorless 
or blue-gray as die end point. 

Determine the blank by titrating a similar mixture of 2-dimediylaminoethanol 
and hydroxylammonium chloride that has stood for the same period of time as the 
sample. Use die difference between the blank, and the sample titration, Vg, to 
calculate the percentage of the carbonyl compound in the sample. 


% Carbonyl compound = 


(Vb — Vs) (cone. HC104)(mol. wt.) 
10 (sample wt., g.) 


GENERAL METHOD FOR DETERMINING ALDEHYDES 
BY BISULFITE ADDITION 


Reagents. Sodium Sulfite, 1 M. 
Sodium Hydro.xide, Standard 1 N. 
Sulfuric Acid, Standard 1 N. 


Procedure.— To 250 ml. of 1 AI sodium sulfite in a 500-ml. glass-stoppered Erlen- 
meyer flask is added 50 ml of I N sulfuric acid. The flask is swirled as the acid is 
added, to prevent the loss of sulfur dioxide caused by localized overneutralization 
of the sodium sulfite. To this solution is added, sealed in a glass ampoule, a sample 
containing 0.02 to 0.04 mole aldehyde. The flask is then stoppered, the stopper 
being greased for low-boiling aldehydes to prevent any loss. It is then vigorously 
shaken to break the ampoule containing the sample. Some glass beads included 
in tire flask Avith the ampoule tvill cause tlie ampoule to break more easily. The 
flask is then shaken for 2 to 3 minutes (5 minutes for the more insoluble aldehydes) 
to ensure complete reaction. The contents are then quantitatively transferred to a 
beaker. Electrodes from a pH meter are inserted in the solution, and tlie solution 
IS stirred. The pH of die solution is noted as standard 1 N alkali is added to titrate 
the excess acid. 

lor accurate results, the pH reading vs. milliliters of alkali added are noted and 
plotted. The end point is determined from the plot. A more rapid mediod of 
deteimining the end point, though slightly less precise, is to add alkali until a pH 


as 


11 Method, of Siggia, S.. and Maxey, Mh, Ind. & Eng. Chem., Anal Ed 19 1047 

2nd S,'5ota Ivifef Md rnn’ctional 'dronp,: 

Sion Of the copyright owners. ' ^ R^Prmted with permis- 
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is obtained corresponding to the pH at the end point for tlie particular alde- 
hyde. This end point pH must be predetermined for tlie aldehydes. 

Sodium sulfite contains a small amount of free alkali as an impurity so that 250 
ml. of the solution consumes some acid. The blank is very small but not negligible; 
it amounts to about 0.4 to 0.5 ml. of 1 N acid per 250 ml. of sulfite solution. On 
each carboy of sodium sulhte solution prepared, the free alkali should be ac- 
counted for, or the aldehyde results will be slightly high. Rather than use a 
blank on the sulhtc solution, it was found more satisfactory to add sufficient 1 M 
sodium bisulfite to tire sodium sulfite to ueutralire the free alkali and bring the 
pH of tlie sulfite to 9.1. This procedure eliminates the need of a blank and may 
be done only once to each carboy of solution. 

Calculations.— 

A ~ Calculated amount of NaOH standard solution needed to titrate the 50 ml. of 
standard acid used — the milliliters of standard NaOH used to titrate the sample 

A X iVNaOH X mol. wt. compound X 100 ^ 

c,-- — p„-X ,000 “ 

Discussion.— In the case of most of the aldehydes used, the end point was sharp 
enough so that the rapid method of just titrating to the pH of tite end point could 
cause an error in end point determination of only ^^0.2 to 0.5 ml. This error is not 
very significant and can be nullified by using a rather large sample of about 0.04 
mole of aldehyde, uhich consumes 40 ml. of I N acid. It can readily be seen that a 
plot of pH vs, milliliters of sodium hydroxide Is not necessary once the pH at the 
end point of the particular aldehyde is determined. The reproducibiUiy of the 
procedure is ±0.2% if the entire curve is plotted and ±0.4% if the rapid method is 
used. 

Acidic or basic impurities in tlie sample should be determined separately before 
the aldehyde procedure is applied, and the titration for the aldehyde should be 
corrected for the presence of these impurities. 

Acetals will not interfere in the procedure. These compounds hydrolyze in 
strong acid solution to yield .icetaldcliydc. However, the pH of the sodium sul- 
fite-sulfuric acid solution, in proportions described in the procedure, is about 6.8, 
and there is no noticeable hydrolysis of the acetals at this pH. Also, the aldehyde 
in the sample consumes the bisulfite so rapidly Uiat the pH of the solution is 
raised to about 7.5 as soon as the sample comes in contact with the sodium sulfite- 
sulfuric acid solution, further lessening any possibility of hydrolysis. 

Ketones, in general, will not interfere in this determination of aldehydes if they 
are not present in excess of about 10% per mole of the total carbonyl content. 
Ketones affect the slope of tlie titration curve and the pH at the end point but do 
not affect the final result. Too high a ketone content causes the inflection point 
In the curve to disappear. This behavior is caused by the loose binding of bi- 
sulfite by ketones. 
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OXIDATIVE METHODS FOR ALDEHYDES ALONE OR IN 
THE PRESENCE OF KETONES AND ACETALS 12 


RCHO + AgaO ^ RCOOH + 2Ag 

Apparatus and Materials. Shaking Machine.— One of suitable construction to 
accommodate two or more 100-ml., or 250-ml. volumetric flasks. 

^Vater Bath.— Maintained at 60° ± 2°C. 

Ethyl Alcohol, Absolute.-If appreciable carbonyl compounds or other reactive 
impurities are present, purify the solvent by distilling over excess solid silver oxide. 

Procedure.-yiptt 25.0 ml. of 0.1 Af silver nitrate solution into a 100-ml. volu- 
metric flask. Add a quantity of sample containing approximately 0.5 millimole 
of aldehyde. If the sample is volatile, or the carbonyl content is high, weigh the 
required amount in a glass ampoule. If the sample is not volatile from water or 
alcohol, the sample containing 5 millimoles of aldehyde may be dissolved in 100 ml. 
of water or alcohol and a 10-ml. aliquot of the solution may be taken for analysis. 
Add 5 ml. of 0.5 N sodium hydroxide solution and shake the mixture on a shaking 
machine for 15 minutes. At the end of this time, add 2 ml. of 0.5 N sodium hy- 
droxide solution and continue tire shaking for 10 minutes. Add 10 ml. of 6 N 
sodium hydroxide solution and repeat the shaking for the same period of time. 
Acidify the reaction mixture widr 5 ml. of 18 N sulfuric acid solution. After al- 
lowing the mixture to cool to room temperature, dilute to the mark with distilled 
water. Filter the mixture through a dry No. 41 Whatman filter paper into a 400-mI. 
beaker. Pipet 50.0 ml. of the filtrate into a 500-ml. glass-stoppered Erlenmeyer 
flask and add 4 ml. of ferric alum indicator. Titrate witli 0.05 N thiocyanate solu- 
tion until the end point is approadted, as indicated by a more slowly fading red 
color. Stopper dre flask, shake vigorously for 20 to 30 seconds, and continue the 
titration until one drop produces a reddish coloration which does not fade upon 
swirling or vigorous shaking. Carry out a blank determination by following the 
procedure as described but omitting the sample. 

Calculation.— 


(A — B) X iVcns- X mol, wt . aldehyde X 100 

Gram sample X 2000 ^ aldehyde 

in which A = blank titration, and B = sample titration. 


GRAVIMETRIC METHOD FOR DETERMINING SMALL 
QUANTITIES OF CARBONYL MATERIALS 
This procedure employs dre standard identification reaction for carbonyl com- 
pounds. This reaction is essentially quantitative for many aldehydes and ketones 
making the procedure quite generally applicable. 


1 - Siegel H., and Weiss, 1-. T., Anal. Chern., 26, 917, 1954. Copyright 1954 by the 
American Chemical Society and reprinted with permission of the copyright owners 

3 Method of Iddles. H. A., and Jackson, C. E.. Ind. & Eng. Chern., Anal. Ed., g! 454-456 
Si Va d^ribed by Siggia, S., in Quantitative Organic Analysis Via Functional Groups 
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where R and Rj could be a hydrogen atom. 

The reaction is also very spcciiic; interferences consist mainly of materials that 
will oxidize the hydrazine to form tars, which are weighed with the hydrazoues. 
This procedure is also applicable to the determination of atetals, ketals, and \inyl 
ethers. Sijrce the hydrazine is in acid solution, it will hydrolyze the above-raen- 
tioned compounds to tlie corresponding aldehyde or ketone, which will tlien react 
with the reagent. 

The procedure described below is designed for water-soluble samples only. How- 
ever, since such a small amount of carbonyl compound is necessary (40 X 10“® 
mole), one can usually dissolve enough sample in water to yield enough carboxyl 
compound for analysis. 

lieagenti. 2,4-DiniirophenyIhydraziiic.— A saturated solution at 0°C. in 2 iV 
aqueous hydrodtioric add solution. This solution contains about 4 mg, hydrazine 
per ml. 

Hydrochloric Acid Solution, 2 Al. 

Procedure.— hi a glass-stoppered flask is placed 50 ml. of reagent. To diis is 
added the sample, whidi sliould cont.iin approximately 40 X 10-3 mole of alde- 
hyde. The mixture is allowed to stand in an ice batli for 1 hour. In the case of 
die volatile carbonyl compounds such as acetaldehyde or acetone, it is advisable to 
shake the flask vigorously from time to time to ensure the reaction of any carbonyl 
mateiial which may be in the atmosphere above die reagent. After the period of 
standing, the precipitate is filtered off into a lared Gooch crucible or into a tared 
sintered glass funnel. The precipitate is washed with 2 N hydrochloric acid, then 
with water, and is dried in a vacuum desiccator over sulfuric acid. The precipitates 
can usually also be dried in an oven at lOO’^C. 

Calculations.— 


\vt. hydrazone ^ , j 

; — X gravimctnc factor X 100 = % carbonyl compouna 

wt. sample 


COLORIMETRIC METHODS FOR TRACES OF CARBONYL 
MATERIALS 

COLORIMETlilC 2,4 DINrriWPHEKYLHYDIiAZONE PROChDVRE 
Procedure .— 1 ml. of sample solution, adjusted to a concentration of 10-* to 
10"** M, are added I.O ml. of 2,4-diiiitrophenylhydrazine reagent (saturated car- 
bonyl-free methanol solution) plus one drop of concentrated hydrochloric acid. 
The mixture is heated on a water bath at 50® for 30 minutes or at 100° for 5 
minutes. After cooling, 5.0 ml. of 10% potassium hydroxide in 80% aqueous 
methanol is added. The nearly black solution clears almost immediately to the 
characteristic wine-red color. The absorbancy is measured at 480 nh*- A blank 

14 Lappin, G, R.. and Clark, L. G.. Anal. Chem., 25, 541-542, 1951. 
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determination is made simultaneously using 1,0 ml, of carbonyl-free methanol in 

place of tire sample, • j • i u 

The concentration of carbonyl compounds in the sample is determined eiuier by 

calculation or by reference to a standard curve, 

COLORIMETRIC DETERMINATION FOR ALDEHYDES 
USING SCHIFF REAGENT 

Schiff reagent, prepared from rosaniline hydrochloride (basic fuchsin) and sulfur 
dioxide, was used in one of the earliest tests for aldehydes. 

Careful control of the ratio of sulfur dioxide to fuchsin was necessary for the 
preparation of the most sensitive reagent. For example, Tobie dissolved 0.5 g. 
of basic fuchsin in 500 ml. of water and added 1.0 g. of sulfur dioxide. After 
allowing the solution to stand overnight, most of the red color had disappeared. 
The reagent was diluted to 1 liter with water and 1.0 g. of decolorizing carbon was 
added to remove the residual color. Tobie found that this method of preparation 
gave a reagent of sufficient sensitivity for use in die estimation of free aldehyde 
groups in aldoses. Storage of the reagent in a hydrogen atpiosphere is recom- 
mended as an aid in stabilizing the reagent.^* 

The use of sulfites probably presents a more convenient method than direct 
sulfur dioxide addition for die preparation of Schiff reagent. Feulgen and 
Griinbergis and Hoffpauir and his co-workers dissolved 1.0 g. of fuchsin in 100 
ml. of 1 N hydrochloric acid, added 5 g. of sodium bisulfite, and diluted tlie solu- 
tion to 1 liter. Alexander and his co-workers -*> prepared the reagent in a few 
minutes by adding 0.5 g. of active sodium hydrosulfite to 100 ml. of 0.5% basic 
fudisin. About 0.2 g. of activated carbon was added and the mixture was filtered. 
The resulting solution was light amber in color. 

Varying shades of red to blue-violet are given by reaction of aldehydes with 
Schiff reagent. The intensity of die color is function of the concentration of alde- 
hyde in die sample. 


DETERMINATION OF ACETALS 


O XI M ATI ON 


Acetals can be detennined by hydrolysis and oximation, both of which are 
effected by treatment with an 0.5 N aqueous solution of NH..OH-HC1. Methyl 
alcohol can be used to help dissolve the sample; however, the final solution should 
contain more than 10 to 25% water for the hydrolysis to be efficient. The acidity 
of die NHoOH-HCl is generally enough to cause hydrolysis, especially since the 
solution becomes more acidic as oximation proceeds. 

Acid can be added to hasten hydrolysis, but its amount must be deducted in the 
final calculation. 

The reaction mixture can be allowed to stand at room temperature for one-half 


Voik!l9S^''’ P- I»ierscience Publishers, Inc., New 

w Tobie, IV. C., Ind. Eng. Cheni., .Anal. Ed., 14, 405-406, 1942. 

Fischbeck, K., and Neundeubel, L., Z. anal. Chem., 104, 81-88, 1936 
II R., and Grunbevg, H., Z. physiol. Chem., 257, 161-172 1939 

Hoffpauir, C. L., et al., Ind. Eng. Chem., Anal. Ed., 15, 605 1943 
-0 Alexander, J., et al.. Science, 111, 13. 1950. 
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to 1 hour in the case of the simple acetals. Refluxing can' be used to accelerate 
the reaction in more stubborn cases. 

The final reactiou mixture is titrated poieatiometrically with 0,5 or 0.1 N NaOH 
to the inflection point. 

The calculation is based on the following equation: 

f/ A - Ml. NaOH X A'NaOH X Mol. Wt. X 100 
/o cetal Grams sample X 1000 

Free aldehyde interferes and corrections for it should be made, applying the 
bisulfite metliod shown on p. 463. 

Formals generally are too resistant to hydrolysis to permit analysis by this 
method. However, a few cases can be determined aftei 2 hours of reflux. 

HYDHAZONE FORMATION 

I'he analysis using 2,l-diiiitroplienylh)dra/itic given on p. 4(36 can be applied 
to acetals. The meiltod can be used on fonnals as well, since the hydrolytic condi- 
tions are more intense than those used above. 

The solubility of the sample and of the precipitate are the limiting factors in the 
application of this nicdiod. 

Traces of acetals can be determined using the colorimetric method given on 

p. 466. 

CARBOXYLIC ACIDS 

GENERAL METHOD UMNO TITRATION WITH BASES^^ 

Carboxylic acids are most sim|)Iy dctemuncU by tiir.ition with standard alkali. 
An aqueous system is usually adequate if the s.nnple dissolves in water. If the 
sample is insoluble in water, it may dissolve in excess aqueous caustic, and the ex- 
cess c.'iustic is titrated. A potcntionieiric titration Is advisable when one is work- 
ing with acids of unknown strength; an apjrropriatc indicator can be chosen when 
the pH at the titration bre.ik has been determined. 

For samples which are water insoluble or samples which give poor titration curves 
in an aqueous system, a iionaqueous system can be used. Much sharper breaks are 
obtained for weak acids in acciouc, dimethylformamide, methanol-benzene, and 
ethylene glycol-isopropaiiol than are obtained in water. Out of tlicsc four, at least 
one solvent can be iound that will dissolve stubborn samples. 

In the acetone solvent, the sample can be titrated with 0.1 A' alcoholic (methanol) 
caustic. The ordinary glass and calomel electrodes can be used in potentiomeiric 
titrations in tins solvent. 

In dimethylformamide,*-* the sample can be titrated with 0.1 to 0.2 N sodium 
methylate in benzene-methanol. (About 5 g. of sodium are cleaned with methanol 
and tlien dissolved in loO ml. ol absolute meUiaiiol. Cooling in ice water may be 
necessary at times to slow down the reaction. When all the sodium has reacted, 
150 ml. of metlianol and 1500 ml. of benzene are added.) Thymol blue in a 0.3% 

21 Siggia, S., Quantiiatue Organic Analysis Via Funclioiial Groups, 2nd Ed., Jolm M'ley 
and Sons, Inc., New York, pp. 41-12, 1954. Repiinted with permission of the copyright 
owners. 

22 Fritz, J. S., Acid-Base Titrations in Nonaqueous Solvents, The G. Frederick Smith Co., 
Columbus, Ohio. pp. 28-29, 1952. 
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solution in methanol can often be employed as indicator. The glass and calomel 
electrodes can be used in this solvent as can the antimony-calomel electrodes. 

Benzene-methanol is a good solvent for titrating acids. The titrant is the same 
as diat used in dimethylfonnamide. The authors claim that an antimony vs. a 
calomel electrode should be used and that a little lithium chloride should be added 
to decrease the resistance in the solutions. However, the author of this section has 
been able to use the glass and calomel electrode satisfactorily without electrolyte. 
There may be a difference in behavior of the electrodes depending on the materials 
being determined, so it is best to keep both electrode systems in mind should one 
fail to operate in the particular analysis being made. 

A 1:1 ethylene giycol-isopropanol system has been used -■* for titrating weak acids. 
In titrating acids, alcoholic sodium hydroxide is used as titrant. The breaks ob- 
tained in this solvent are usually not as intense as those obtained in the aforemen- 
tioned organic solvents. However, the breaks are still quite good, and, since this 
mixture is an excellent solvent, it can be applied to samples which may be diffi- 
cultly soluble in the above solvents. The glass and calomel electrodes can be used 
in this solvent mixture. 


CARBOXYLIC ACID SALTS 

GENERAL METHOD USING TITRATION IN GLACIAL ACETIC ACID 
The method described for determining amines on p. 488 can be used equally 
well for titration salts of carboxylic adds. 

CARBOXYLIC ACID ESTERS 


GENERAL METHOD USING SAPONIFICATION 


Esters may be very simply determined by saponification with standard alkali solu- 
tions. Any free acid or base in tire sample should be determined beforehand. 

Procedure.— A sample containing about O.OI mole of ester is weighed into a 250- 
ml. glass-stoppered Erlenraeyer flask with a condenser to fit the ground joint for use 
with volatile or water-insoluble samples. To the sample is added 50 ml. of 0.5 N 
sodium hydroxide, aqueous if the sample is soluble in water or alcoholic if the 
sample is insoluble in water. The solution is heated for 2 hours on a steam bath 
(longer if the particular ester is difficultly saponifiable). I'he heating should be 
under reflux for volatile samples or if alcoholic sodium hydroxide is used. After 
the specified length of time, the excess alkali is titrated with standard 0.5 N acid, 
phenolphthalein indicator being used. Alkali resistant glassware should be used! 
especially in cases of low ester content. Lower concentrations of reagents can be 
, used for low ester contents keeping in mind lower reactivity at the lower concen- 
trations. 

For esters that saponify with difficulty, amyl alcohol can be used as a solvent 
instead of methanol. Amyl alcohol has a higher boiling point, and diis will ac- 
relerate the reaction. Potassium hydroxide should be used in amyl alcohol because 
It has a greater solubility than sodium hydroxide in this solvent. Also concentra 


-3 Fritz, J. S., and Lisicki, N. M., Anal. Chem., 23, 589-591, 1951 
^"8- Chem., .Anal. Ed., 18, 246-251, 1946. 
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tions of potassium hydroxide up to 5 iV can be used for saponifying very stubborn 
esters. However, when this is done, tlie potassium hydroxide must be standardized 
eacli day and a blank should be heated for the same length of time as the sample, 
since some hydroxide is lost under tlicsc extreme conditions cither by reaction niili 
the glass or with some impurity iii tlicamyl alcohol. 

For samples insoluble in the alcoholic solvents alone, benzene can be included. 
It is a good idea to dissolve the sample in sufficient benzene that, when the alco- 
holic base is added, the sample will remain in solution. For titrating tlie excess 
base in this solvent system as well as in die amyl alcohol, a standard solution of 
hydrochloric acid in 1:1 ethylene glycol-isopropanol can be used. IMienolplulialein 
indicator can be used in most rases, but potentiomctric titration with die glass aiid 
calomel electrodes can also be employed. These electrodes operate well in 2)11 
these solvents except in the bcnzcne-alcohol systems when the amount of benzene 
exceeds the amount of alcohol. 

Calculations.— 


Milliliicrs of acid to lilratt 50 ml of the alkali 
— milliliters of acid for sample = A 

A X y acid X mol, vvt. ester X 100 _ ~ 

Grams sample X JOOO ^ 

CARBOXYLIC ACID AMIDES 

GENERAL METHOD BY TITRATION OF AMIDES AS BASES*^ 

Apparaltis.—A glass electrode (Beckman No. 4D90-80) and a sleeve-type calomel 
electrode (Beckman No. 1170-71) were equilibrated by soaking in acetic anhydiidc 
for 12 hours prior to use. To minimize liquid junction potentials and to promote 
reproducibility, the aqueous bridge in the calomel cell was replaced with a O.I N 
solution of anhydrous lithium perchlorate in acetic anhydride. Lithium chloride 
proved to be too insoluble in acetic anhydrulc for use as a supporting electrolyte 
in the bridge solution. 

Reagents <«\d Solwtioivs.— L.\\Vvv\3.wv yytvdvVoisavt, ■a'wlv’jd'jou'i vs av3.vla.ble. front 
the G. Frederick Smith Clieinical Company, Columbus, Ohio. 

Acetic Anhydride.— ACS reagent grade. 

Glacial Acetic Acid,— ACS reagent grade. 

Dioxane.— Purified by allowing to stand several days over NaOH, or by addition 
of LiAIH 4 and flask distilling (observe necessary cautions with LiAlH 4 ). 

Peichloric Acid.— 70% vacuum distilled, available from the G, Frederick Smith 
Chemical Company, Columbus, Ohio. 

Perchloric Acid.— A 0.1 N solution in acetic acid is prepared by dissolving 
proximately 9 ml, of 70% perchloric acid iu acetic acid, adding 25 ml, of acetic 
anhydride, and diluting to 1 liter witir acetic acid. The solution is allowed to staii 
24 hours prior to use. The titrant is standardized either visually or potentiometfi' 
cally against primary standard potassium acid phthalate dissolved in acetic acid. 

Perchloric Acid in Dioxane.— Tliis is prepared and standardized by the procedure 
of Fritz and may be used as an alternative titrant. 

26 IVtelhQd of Wimer, D. C., Anal. Chem., 30, 77, 1958. Copyright 1958 by the Ameriesn 
Chemical Society and reprinted with peimissiuii of the copyright owners. 



QUANTITATIVE ORGANIC ANALYSIS 471 

Procedure.-A 0.006- to 0.009-mole sample is diluted to 
hydride in a volumetric flask. A 10-ml. aliquot is transferred to a tall-forn beake^ 
100 ml of acetic anhydride are added, and the titration is carried out with 0.1 
perchloric acid in acetic add. The end point of the titratmn may be determined 
by inspection or by calculating maximum change in potential foi small increments 

of perchloric acid added. 


GENERAL METHOD BY SAPONIFICATION 

Reagents. Potassium Hydroxide.— 1.0 N solution in ethylene glycol. 

Hydrochloric Acid.-Standard 0.5 N. 

Ethyl Ether, c.p. 

Bromophenol Blue.-1.0% alcoholic solution. 

Procedure.-lnto each of two 250-ml. glass-stoppered Erlenmeyer flasks introduce 
exactly 50 ml. of die 1.0 N pota.ssium hydroxide solution. Reserve one of the flasks 
as a blank. Into the other flask introduce an amount of sample, containing up to 
6 milliequivalents of the amide. Fit each flask with a suitable reflux condenser 
and place die sample and blank on a hot plate. Bring the contents of the flasks 
to a boil and allow to reflux for 6 hours. Remove the flasks from the source of 
heat and rinse down die condenser with 25 ml. of distilled water, collecting the 
rinsings in the flask. Remove the condenser and add 30 ml. of ethyl ether to each 
flask. Add eight to ten drops of the bromophenol blue indicator and titrate with 
standard 0.5 N hydrochloric acid to a yellow-green end point. If acetanilide or 
acetotoluides are being analyzed, use thymol blue indicator and titrate from a 
yellow to a red end point. 

Calculation.— 


(A - B)NXE.W. 
Grams sample X 10 


= amide, % by wt. 


where A = milliliters of N normal HCl required for the blank 
B = milliliters of N normal HCl required for tire sample 
E. W. = equivalent weight of amide 

Discussion.— Because of tlie excessive reaction time required and the possible loss 
of reagent by reaction with tire glass container, determinations of amides usino 
saponification reactions are seldom used. However, because of the limited number 
of procedures available for the determination, the method has value. In the case 
of primary amides where one of the hydrolysis products is ammonia, the saponifica- 
tion has been modified by evolving the ammonia formed into excess standard acid 
and die excess acid determined by titration.^s Nitriles will interfere in this method. 


GENERAL METHOD BY REDUCTION TO THE CORRESPONDING 

AMINE 29 


Reagents. Lithium Aluminum Hydride.-Ten grams of lithium aluminum hy- 
dride are refluxed with 500 ml. of anhydrous diethyl ether for several hours. If the 


2. Olsen, S., Die Chemie, 56, 202, 1943, as described by Hillenbrand and • 

Organic Analysis, Vol. Ill, Interscience Publishers, Inc., New York, p. 190, 1^5^ 

~ Siggia, S., Quantitative Organic Analysis Via Functional Groups 2nd Ed inhn avi 
and Sons Inc. 1954, p. 47. Reprinted with permission of tlm ZyrioM J^ne ^ 

S., and Stahl, C. R.. Anal. Chem., 27, 550-559 lQr 5 r ■ , 
Ite by ,he A„.™„ Chemical Society a„<i ,.pri„.e<i with 
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hydride is finely divided, it will dissolve in a relatively short time. Insoluble prod, 
ucts, formed by the reaction of impurities in the ether with the lithium aluminum 
Jiydride, settle on cooling, and tlie clear solution can be pipetted off as needed. 
Tile solution should be protected from atmospheric moisture. The usable life oi 
the solution is about one month. 

Sulfuric Acid.— Standard 0.02 N. 

Sodium Hydroxide.— Standard 0.02 N, 

Sodium H)droxide.— G N. 

Methjl Pur])le Indicator.— Fleislier methyl purple available from Burrell Corpo- 
ration, Pittsburgh, Pa. 

Ethylene Glycol. 

Isopropyl Alcohol. 

Distillation Apparatus.—'llie distilling apparatus used in Procedure A is the 
standard Kjeldahl steam disiillaiion equipment. 

The distilling apparatus in Procedure B consists of a 200-ml. round-bottomed 
flask connected to a Kjeldahl bulb which 
is attached to a water condenser by a 
75® connector. A stopcock and funnel are 
scaled on the connector at the bend so that 
ethylene glycol can be dropped into the 
flask (sec Fig. 19-1). 

Procedure /!.— An exactly weighed sam- 
ple containing approximately 0.0006 mole 
of amide is placed in a 100-ml. Kjeldahl 
flask, and 5 ml. of litliium aluminum hy- 
dride reagent are added. The solution is 
allowed to stand for 15 minutes at room 
temperature to etisure complete reduction 
of die amide, and the flask is then attached 
to the Kjeldahl distillation apparatus. A 
200-ml. Erlenmeyer flask containing ex- 
actly 50 ml. of 0.02 N sulfuric acid is placed on the apparatus, so that the end 
of the condenser is heiow the surface of the acid. Water is added dvopwlse to 
the reaction flask until the excess litliium aluminum hydride is decomposed. Ten 
milliliters of 6 sodium hydroxide arc added and steam distillation is carried out 
as in a Kjeldahl determination. About 50 ml. of distillate are collected in the 
0.02 N sulfuric acid and the excess acid is titrated widi standard 0.02 N sodium 
hydroxide to tlie green end point of methyl purple indicator. Per cent amide is 
calculated as follows: 



I (Titration for 50 ml. of add — titration for sample) 1 

j X Y of NaOH X M.JV. amide X 100 1 

wt. of sample X 1000 


s % anddc 


Procedure B.~A weighed sample containing approximately 0.0006 mole of amide 
is placed in a 200-ml. lound-bouoraed flask, and 10 ml. of lithium aluminum hy- 
dride reagent are added. The mixture is refluxed on a steam bath for 0.5 hour. 
TJie flask is cooled to room temperature and the excess reagent is decomposed by 
dropwise addition of water. After live reagent is completely decomposed the sides 
of the flask are washed with about 10 ml. of water, and 5 ml. of 6 sodium hy- 
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droxide are added. A fe.r boiling chips and 25 ml. of ethylene glycol are added 
before tire flask is attached to the distilling apparatus. The solution is distilled a 
a rapid rate nearly to dryness and 25 ml. of ethylene glycol are added through the 
stopcock on tire connector at such a rate that boiling does not stop. The addi i i 
and distillation of 25-ml. portions of ethylene glycol are continued until 100 . 

have been distilled. The condenser is washed with approximately 50 ml. of hot 
isopropyl alcohol, and the amine contained in the distillate and washings is titrated 
potentiometrically with 0.02 N sulfuric acid. Per cent amide is calculated in the 
following manner; 


% Amide = 


ml. of H2S04 X A of Ho SOr X mol, wt. X 100 
VVt. of sample X 1000 


Nitriles constitute interferences in this method. 

CARBOXYLIC ACID CHLORIDES 


GENERAL METHOD INCLUDING DETERMINATION OF FREE HYDRO- 
CHLORIC ACID AND FREE CARBOXYLIC ACID ALONG WITH 
THE DETERMINATION OF ACID CHLORIDE 

Reagents. Acetone, c.p. 

Anhydrous Diethyl Ether. 

Chlorobenzene. 

Sodium Hydroxide.— 0.5 N and 0.1 N. 

N-Tripropylamine in Chlorobenzene.— Standard 0.1 N. 

m-Chloroaniline.— Freshly distilled. 

The tripropylamine may be standardized against maleic acid dissolved in acetone 
or against a solution of clry hydrogen chloride in ether-chlorobenzene, which has 
been standardized by dissolving an aliquot in acetone-water and titrating with 
standard 0.1 N sodium hydroxide. If the maleic acid standardization is used, it 
should be remembered that only one carboxy group on the maleic acid can be 
titrated widi tripropylamine. 

Procedures. Method A.— An exactly weighed sample of acid chloride containing 
not more than 0.001 mole of hydrogen chloride is dissolved in a T. 1 mixture of 
etlier-chlorobenzene and titrated potentiometrically (using glass or calomel elec- 
trodes) with standard 0.1 N tripropylamine in chlorobenzene, using a 10-ml. buret. 
Only the hydrogen chloride titrates and the break occurs between 350 and 150 mv. 
Per cent hydrogen chloride is calculated using the following equations: 

Ml. X ATPA 
Wt. of sample X 1000 = 


Mole of HCl per gram of sample X 100 X 36.5 = % HCl 


Method B.-A sample containing approximately 0.01 mole of acid chloride plus 
tree carboxylic acid is weighed in a glass-stoppered weighing bottle or in a sealed 
ampoule. Sealed ampoules should be used for all volatile acid clilorides. The 
weighed sample is placed in a 250-ml. glass-stoppered flask containim^ 5 ml. of 
m-chloroaniline and 25 ml. of acetone. If the sample is weighed in a weighing bot- 


30 Stalil, C. R.. and Siggia, S.. Anal. Cheni.. 
Aineiicau Chemical Society and reprinted with 
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tie, the stopper should be removed just before the sample is placed in the flask and 
tile weighing bottle slid down the side of die flask, so that the sample and reagent 
do not mix. The flask is sealed wiUi stopcock grease and is shaken to mix the 
sample and reagent. The contents ol die llask are cooled slightly below room tem- 
perature in running tap water or in ice, and the flask is allowed to stand 5 minutes 
to ensuie complete reaction. 

After the reaction is complete, die stopper is removed and 5 ml. of distilled water 
are added. The stopper is replaced and die flask is shaken to dissolve the amine 
hydrochloride formed in the reaction. Then die contents of the flask are washed 
into a beaker with acetone. Using a pH meter equipped with a glass-calomel 
electrode system, standard 0.5 N sodium li)droxidc is added from a buret until the 
pH of the solution is approximately 4. The volume of 0.5 iV sodium hydroxide is 
read, then the solution is titrated poiciitiomctrically with standard O.I N sodium 
h)droxide. 

The first break, which occurs between pH 5 and 6, represents the neutralization 
of the amine hydrochloride formed b) die reaction of the m-chloroaniline with the 
acid chloride and free h)diogcn chloride. The equivalents of 0.1 N sodium hj- 
droxide plus the equivalents of 0.5 A’ sodium hydroxide added, equal the equiv- 
alents of acid clilonde plus hydrogen chloride in the sample. The second break 
occurs between pH 8 and 9.5 and represents the titration of the free carboxylic arid. 

Two concentrations of standard sodium hydroxide are used. A rather large 
sample is required to obtain a sufficiently large titration for the free carboxylic acid, 
which is usually pceseut in relatively small quantities. The total titration would 
be large if 0.1 N hydroxide vvere used, and the titration for free carboxylic arid 
would be small if 0.5 N hydroxide were used in the total titration. In this proce- 
dure, the bulk of the acidity is neutralized with 0.5 A^ reagent, and the 0.1 A^ hy- 
droxide is used to carry the titration through tlie two neutral points. Per cent arid 
chloride is calculated as follows: 

(Ml. of 0 5 A^NaOH X N) + (ml. of 0.1 A^NaOH X N) 

Wt. of sample X 1000 

=s moles of acid chloride + HCl per gram of sample 

(Mole of acid chloride + HCl per gram) — (mole HCl per gram) 

— mole acid chloride per gram 

Mole of acid chloride per gram X 100 X mol. wt. of acid chloride = % acid chloride 
Per cent free carboxylic add is calculated using the following equation: 

(Ml to second break — ml. to first break) X A'ofNaOH X mol, wt. of acid X 100 
Wt. of sample X 1000 

= % free carboxylic acid 

CARBOXYLIC ANHYDRIDES 

GENERAL METHOD USING REACTION WITH ANILINE^^ 

Reagents. Ethylene Glycol— isopropyl Alcohol Mixture.— 1 : 1 by volume. 

Hydrochloric Add.— Standard 0.2 A^ in ethylene glycol-isopropyl alcohol mixture 

aiSiggia, S., and Hanna, j. G., Anal. Chem., 23, 1717, 1951. Cop)right 1951 by the 
Ameiican Chemical Society and reprinted with permission of the copyTight owner. 
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(19 ml. of concentrated hydrochloric acid diluted to 1 liter with 1:1 ethylene glycol- 
isopropyl alcohol). 

Aniline, c.p. , , • i • 

Procedure.— A sample containing approximately 0.004 mole of acid anhydride is 

accurately weighed in a 20 X 150 mm. test tube. If the sample contains an acid 
anhydride which requires heat for complete reaction, it is weighed in a 50-ml. con- 
denser flask. Aniline is added to the sample drop by drop until 0.9 g. has been 
added. This is accurately weighed. The sample is allowed to stand in the test 
tube 5 minutes. The condenser flask is attached to a condenser in a reflux position 
and immersed in a beaker of boiling water for the required length of time. The 
reaction mixture is transferred quantitatively from the test tube or the condenser 
flask to a 150-ml. beaker with 1 : 1 ethylene glycol-isopropyl alcohol mixture. Ethyl- 
ene glycol-isopropyl alcohol mix is added until the volume is approximately 50 ml. 
A pH meter is used to indicate the apparent pH after each addition of acid as tlie 
sample is titrated with 0.2 M hydrocldoric acid prepared in the ethylene glycol- 
isopropyl alcohol mixture. The neutralization point is determined by plotting the 
apparent pH against milliliters of acid. A blank is run on the aniline by titrating 
an accurately weighed amount, approximately 0.4 g., potentiometrically with 0.2 N 
hydroclrloric acid in the ethylene glycol— isopropyl alcohol mixture. 

Calculations.— 

(x — a) X normality of HCl X mol. wt. of acid anhydride „ . „ 

,000 Xv.t. of sample ^ “MrWe 

tvhen a equals milliliters of acid used to titrate excess aniline, and x equals milli- 
liters of acid needed to tinate total amount of aniline used. The aniline used 
should not be assumed to be IQQ%, but should be assayed so that this value is a 
correct one. The aniline can be assayed by titration as described above. 

Free carboxylic acids in the anhydrides do not interfere. 


UNSATURATED COMPOUNDS 
GENERAL METHOD BY BROMINATION 

Reagents.— 

Broraate-Bromide Solution, 0.1 N. 

Mercuric Sulfate, 0.2 N.-950 ml. water; 28 ml. cone. H.,SO^; 30 e HeSO 
Carbon Tetrachloride, c.p. " 

Glacial Acetic Acid, c.p. 

Potassium Iodide, 20%. 

Sulfuric Acid, 6 N. 

Sodium Thiosulfate, 0.05 N. 

Starch Indicator Solution. 

Sodium Chloride, 2 N. 

Procedure.-Water-soluble samples are diluted to 0.08 N in unsaturation and a 
2o-ml. aliquot taken (0.002 equivalent in unsaturation). aturation and a 

Hydrocarbon-soluble samples are dissolved in carbon tetrachloride. 

142:Ym Ed., 10, 140- 

Gvoups. 2nd Ed.. John IViiey a^^d Sons, 69-71 Tq-T F«n«ional 
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When volatile, the sample is weighed in a sealed glass ampoule and placed in 
a volumetric flask of convenient volume to give a 0.08 N solution in terms of un- 
saturation, along with enough carbon tetrachloride or water to cover the ampoule. 
The volumetric flask is chilled in ice water, and the ampoule is then broken with 
a glass rod. The rod is rinsed with cliilled carbon tetracliloride or water, and the 
solution is made up to the mark with the same chilled solvent. To pipet a sample 
of this solution, vacuum should not be applied. Instead, the pipet is equipped 
with a 2-hole rubber stopper to fit the volumetric flask, and a piece of glass tubing 
is inserted in the other hole. The solution is then blown into tlie pipet by com- 
pressed air or by mouth. 

A calculated excess (10 to 15%) of O.I N bromate-bromide solution (about 25 ml.) 

is introduced into a 250- to 300-ml. Erlenmeyer flask having a 
glass stopper equipped with a scalcd-in tliree-way stopcock (see 
Fig. 19-2). If the amount of unsaturation in the sample is un- 
known, a preliminary analysis is made with a large excess ol 
bromate-bromide solution. From this result the desired excess 
can he calculated. The reason for avoiding the large excess is 
to minimize substitution, which leads to high results. If the ex- 
cess is less than 10 to 15%. the addition proceeds so slowly toward 
the end of the brominaiton tliat tlse bromination may not be 
complete in the specified time. 

After tlic addition of the bromate-bromide solution the flask 
is evacuated through tube A with a water aspirator, and 5 ml. 
of 6 N sulfuric acid is added by means of the funnel attachment 
li on tiic stopper, 2 or 3 minutes benig allowed to elapse for the 
bromine to be liberated. Next, 10 to 20 ml. of 0.2 N mercuric 
sulfate is added, followed by the s.implc containing solution (25 
ml. ol the sample solution should be used if the concentration is 0.08 W with re- 
spect to uiisaturation). Water or carbon tetrachloride, depending on which was 
used 10 dissolve the sample, should be used to rinse the sample into Uie flask. A 
total of 15 ml. of wash liquid in three portions should be employed. In the case 
of samples dissolved in carbon tetrachloride. 20 ml. of glacial acetic acid is added. 
When the samples are dissolved in water the acetic acid is omitted. The flask is 
then wrapped in black doth and is sliakcn for 7 minutes (time may vary with some 
samples). Then 15 ml. of 2 iV sodium chloride and 15 ml. of 20% potassium iodide 
are added and the flask shaken for about one-half minute. The vacuum is broken, 
and the free iodine is titrated with 0.05 N sodium thiosulfate, starch indicator being 
used. A blank, with about one-third the amount of bromate-bromide solution used 
in the analysis, is run under tlte same conditions as the samples. 

Calculations.— 



Fig. 19-2. Bro- 
mination Appa- 
ratus. 


(Ml. for blank — ml. for sample) X N thiosulfate X mol. wt. compound X 100 
Grams sample X 2000 X B 

S3 % compound 

B = number of moles bromine absorbed by compound being determined 


Discussion.— The molar ratio of mercuric ion to bromide ion should be greater 
than one if the mercuric salt is to have sufficient catalytic effect. Sodium chloride 
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is necessary to liberate free bromine from its complex with mercuric sulfate. Acetic 
acid is necessary to solubilize tire unsaturated compound in the water layer. 

The 7-minute shaking is enough for most samples, but some samples require a 
longer time. Maleic and fumaric acids in water require one-half hour in the pres- 
ence of mercuric sulfate for complete reaction. 

Cinnamic acid requires no mercuric sulfate for quantitative results, in fact, mer- 
curic sulfate is detrimental since it causes substitution. Propriolic acid, dimethyl- 
butadiene, and propargyl alcohol substitute bromine and yield high results when 
determined by this method. Because of varying amounts of substitution for differ- 
ent compounds, it is difficult to ascribe a general accuracy and precision value to 
this procedure. 

Absorbed oxygen in solutions of alkynes and exposure to sunlight generally 
affect results significantly. 

Interfering substances consist of phenols and amines, which substitute bromine 
and also hydrazines, some aldehydes, and other materials which are oxidized by 
bromine. The analyst must be alert for substitution reactions which will yield 
high values for unsaturation. 

GENERAL METHOD BY IODINE NUMBER 

There are instances when the preceding bromination procedure for determining 
unsaturated compounds cannot be used because the bromine not only adds on the 
unsaturated linkage but also substitutes some of the hydrogen atoms on the com- 
ponents in the sample. 

Reagents, Hanus Iodine Monobromide Solution.— 13.6 g. of c.p. iodine are dis- 
solved in 825 ml. of glacial acetic acid by warming and stirring. The solution is 
cooled, and 25 ml. are pipetted out, diluted to about 200 ml., and titrated with 
0.1 A’’ dtiosulfate. 

Three milliliters of c.p. bromine are added from a buret to 200 ml. of glacial 
acetic acid, mixed well, and 5 ml. are pipetted out. This is diluted to about 150 
ml. with water, and 10 ml. of 15% potassium iodide solution is added. The 
liberated iodine is titrated with 0.1 N sodium thiosulfate. The titration for the 
5 ml. of bromine solution should be approximately 80% of tlie titration of the 
25 ml. of the iodine solution. 

The amount of bromine solution to be added to the remaining 800 ml. of iodine 
solution is calculated as follows: 


800 X 


Titration of iodine so lution/25 
Titration of bromine solution/ 5 


After mixing, the solution is diluted to 1 liter with acetic acid and stored in a 
glass-stoppered amber bottle. A blank should be run with each determination or 
with each set of determinations, if more than one sample is run at one time 
Sodium Thiosulfate.— Standard 0.1 N. 

Potassium Iodide Solution, 15% 

Starch Indicator Solution. 


Procediire.-A sample is taken of such a size that titration of die sample solution 
will be at least 60% that of the blank. If the sample titration comes to less than 

■13 Hanus method is desaibed in Snell. F D and RifFpn u xr r- 
of Analysis, McGraw-Hill Book Co., Inc.. New York, pn 

with permission of the copyright owner. a o'!!), /ly, 1944. Reprinted 
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60% of tliat of the blank, not enough reagent is present for complete reaction, and 
the analysis should be repeated with a smaller sample. 

The sample is dissolved in chloroform or carbon tetrachloride using a 250-ml. 
iodine flask. If v\7arraii]g is necessary to dissolve the sample, the solution should be 
cooled to room temperature before the Hanus solution is added. The same volume 
of solvent is put in a separate flask. Into eacli of these flasks is pipetted 25 ml. 
of Hanus solution, and the flasks are shaken to ensure homogeneity. The samples 
aie allowed to stand for exactly 30 minutes with occasional shaking. After that 
time, 50 to 100 ml. of water are added, and also 10 ml. of 15% potassium iodide 
solution. The liberated iodine is titrated witli 0.1 AT thiosulfate until the iodine 
color has almost disappeared. One milliliter of starch indicator is added, and 
the titration is continued until tlie blue color is disciiargcd. The flask should be 
agitated quite vigorously when the reaction is near the end point to ensure ex- 
traction of all the iodine from die organic layer. 

Calculations.— All. of thiosulfate for blank — ml. of thiosulfate for sample = A 


/I X ^ thiosulfate X 126.9 X 100 
Grams sample X 1000 


% iodine 


centigrams iodine 
gram sample 


(The calculation is given in these arbitrary units because this procedure is used 
mostly on hydiocarbons, fatty acids, and esters where no clean-cut compound exists 
but a mixture of unsaiuratcd compounds is present. There is no conclusive mo- 
lecular weight which can be used in these cases. When definite compounds are 
being determined, substitute the molecular weight of the compound for the 126.9, 
and divide by 2 for each double bond present since 2 equivalents of iodine are in- 
volved per double bond. The equation will then yield tlic per cent compound.) 
Any compound which is readily oxidized will also give erroneous results. 

It was found advisable to check each new batch of Hanus solution against a 
standard to ensure proper preparation. Corn oil was used because of its stability 
and because it is so readily adapted to this procedure. 


GENERAL METHOD BY HYDROGENATION “ 

Procedure.— About 3 ml. of solvent and about 0.5 g. of catalyst are added to the 
hydrogenation vessel. The amount of catalyst is not critical. If a larger amount 
of catalyst is used, the hydrogenation of the compound proceeds moie rapidly. 
The time required to saturate the catalyst, however, is mucli longer, so tliat no 
time is saved. When a small amount of catalyst is used, tlie sample hydrogenates 
more slowly, but the time is saved in saturating the catalyst. 

A weighed sample which will consume about 0.0002 mole of hydrogen is put in 
the cup indicated by A in Fig. J9-3. If the sample is a solid it is weighed in a 
small aluminum boat or envelope. The boat is placed in the cup. Liquid samples 
are weighed in small glass receptacles or in gelatin capsules. (When using cap- 
sules, water must be used as the solvent.) All joints and stopcocks should be well 
greased to prevent hydrogen leakage. 

The system is flushed witli a slow stream of hydrogen for 3 to 5 minutes, intro- 
ducing the hydrogen tlirough stopcock at B, whicli is in position as indicated; the 
mercury level is as near the stopcock as possible. The hydrogen is allowed to 

s*Siggia, S., Quantitathe Organic Analysis Via Functional Groups, 2nd Ed., John 
and Sons, Inc., New York, pp. 74-77, 1954. Reprinted with permission o£ the copyng 
owner. 
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, . r" Aftpr ^ to 5 minutes stopcock C is closed and the 

rrOotrX^tpo'sUioXeU be.ow d,e caHbra.ons on .he burec. Then 
stoDCOck B is turned to position D and the hydrogen is disconnected. 

A pressm-e of about 3 cm. of mercury is applied and tlie surrer started. Stirring 
is brought about by a rotating magnet under the reaction flask widi a small glass- 
oSi on paddll inside the flask. These magnetic stmjrs can be purchased 
S they can be improvised by mtaching a magnet to the shaft of a stirring motor. 
The more vigorous die agitation, the more 
rapidly will the catalyst be saturated and 
the sample hydrogenated. When the mer- 
cury level ceases to rise, it signifies that the 
catalyst is saturated. The leveling bulb is 
then raised and stopcock C is opened slowly, 
allowing hydrogen to escape until the mer- 
cury level is within the calibrations on the 
gas buret. The stopcock is again closed, 
and about 5 to 10 minutes are allowed for 
the apparatus to come to equilibrium. The 
buret reading and the temperature are 
noted. The sample is then allowed to fall 
into the solvent by turning A. About 3 cm. 
of pressure is applied as agitation is con- 
tinued, until the level of die mercury ceases 
to rise. The buret reading is taken and 3 
cm. of pressure again applied for 10 minutes 
to ensure complete reaction. The tempera- 
ture is again noted. 

For accurate results, the volume of the 
apparatus is needed to correct hydrogen- 
volume readings when the temperature at 
the end of an analysis is different from the 
temperature at the beginning. If this is not 
done die volume readings will be in error 
because of expansion or contraction of the 
hydrogen in the free space of the apparatus. 

The volume of the apparatus is measured by completely filling it (up to the top 
mark on the buret) with water and then weighing the water. The correction is 
made by adding the volume of the apparatus to the volume between the top mark 
and the level of die mercury at the end of the hydrogenation minns the volume 
of solvait used. This equals the volume of free space at the end of the hydroo-ena- 
uon. This volume is rarrected for temperature changes which may have occurred 
duiing the determination by the following equation: 

Vi __ Vo 

~ ^ ~ absolute temperature) 

The difference between the volume before the temperature correction and die vol 
ume after die correction is the volume diano-e due in 

of die ous in die anmnin.: i ^ ^^pansion or contraction 

uic jjtis 111 me apparatus, llus volume change is either arlrl^n ^ i 

iron., volume o£ hya.oge„ consumed as -d%r.rtai“d:;e:dtr::; 
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whether the final temperature was lower or higher than the initial gas temperature. 

Low-boiling solvents are to be avoided because temperature changes affect the 
vapor pressure of the solvent. Since the low-boiling solvents exhibit sigiiifiQnt 
variations in vapor pressure over Uie range of temperatures encountered in the 
room, significant errors can result in the volume measurements. 

In iliis procedure a 7-ml. buret is used. Results have an accuracy and pre- 
cision of ±5%. If a 50-mI. gas buret is used and the sample is five to eight times 
larger (tlie remainder of the apparatus remaining exactly the same), the results will 
be accurate and precise to ±1 to 2%. 

Oxygen should be completely eliminated from the apparatus since it will con- 
sume hydrogen. Any other materials which can be reduced witli hydrogen will, 
of course, interfere. 

Calculations.— 

Volume of hydrogen consumed (corrected for any temperature fluctuations) = Vi 
Volume of hydrogen converted lo O^C. — Vo 
The temperature of the experiment = T^C. + 273 
The temperature at 0*'C. = 273 

y, _ yp 

T°C. + 273 273 

Fq/ 22,40Q moles hydrogen consumed 

Grams sample/ mol. wt. sample mole sample 

Caution.—AU Raney nickel should be stored under alcoltol (preferably a high- 
boiling alcohol). Dry Raney nickel will react with atmospheric oxygen, emitting 
sparks which can ignite any surrounding combustible material. The presence of 
hydrogen increases the Ituzards. None of the catalyst should be allowed to dry In 
the apparatus, on the desk top. or on the implements used to introduce the cata- 
lyst into the apparatus. 

Adam's catalyst when dry will glow in the presetjce of hydrogen and oxygen. 
Hydrogen is adsorbed on the catalyst and reacts with oxygeti, emitting much heat. 
When the catalyst is put in the apparatus, ii should be completely wet with solvent. 
Any dry particles ol catalyst will glow as soon as the hydrogen is introduced, caus- 
ing either the solvent vapors to flash or the hydrogen-air mixture to explode. 

GENERAL METHOD FOR DETERMINING ACETYLENIC 
HYDROGEN COMPOUNDS (HC=C-)” 

HfeCR + 2AgNOj -» AgC^CR'AgNOa + HNO 3 

Reagents. Sodium Hydroxide, 0.02 iV.— For samples containing less dian 1% 
acetylenic compound. 

Sodium Hydroxide, O.I iV.— For samples <X)iitainiiig more than 1% acetylenic 
compound. 

Silver Nitrate Solution.— 100 g. of silver nitrate dissolved in water and diluted 
to I liter (store in dark bottle). For die working solution, 35 ml. of the aqueous 
silver nitrate solution is diluted to HO ml. with 957ci ethanol. 

35 Method described by Aliicri, V. J., Gas Analysis and Testing o£ Gaseous Materials. 
American Gas Assoc., Inc., pp. 330-332, 1W5. Reprinted with permission of the copyright 
owners. 
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Indicator.-Akoholic solution composed o£ a mixture of 0>17o methyl red 
0 05°/ methylene blue. Store in a dark dropping bottle. , • 

Procedure.-In a 250-ml. Erlenmeyer flask 50 ml. of sdver nitrate solution is 
placed together with the sample, which should contain 0.002 equivalent of acety- 
lenic hydrogen if the 0.1 N sodium hydroxide is to be used in the final titration, 
or 0.0004 equivalent of acetylenic compound if the 0.02 N sodium hydioxide is 

to be used. r i a i • i 

About six drops of indicator are added, and the contents of the flask are titrated 

with the sodium hydroxide solution of appropriate strength. The end point is 
the change of the red color of the indicator to a dull yellow. 

The above procedure is accurate and precise to ±0.5 to 1.0%. It was tested 
with 3-butyne-l-ol; ethynylcyclohexanol, 1-hexyne and 3-butyne-2-ol. Any acidic 
or basic materials in the sample will interfere; they should be determined on a 
separate sample, and the proper correction applied to the acetylenic hydrogen re- 
sult. Aldehydes or other reducing substances interfere by reducing the silver ions 
to metallic silver, which darkens the solution to such a degree as to completely 
obscure the end point. Also, the acids formed on the oxidation of the aldehyde 
would interfere even if the metallic silver formed did not obscure the end point. 

Caution.— Silver salts of acetylenic compounds are explosive when dry. Destroy 
these salts by dissolving in dilute nitric acid; or by making the solution ammoniacal 
and dissolving the silver acetylide widi 5% potassium cyanide (Hood). The result- 
ing solution is poured into 5% ferrous sulfate to destroy the excess cyanide. 


GENERAL METHOD FOR DISUBSTITUTED ACETYLENIC 
COMPOUNDS RC = CRi BY HYDRATION 

This method is based on the reaction 


RC=CRi + HoO 


Hg++ 


H' 


-> RCCHoRi 


O 

and determination of the ketone formed. 

Reagents. Hydroxylamine Hydrochloride, 0.5 iV.-In 1 to 1 methanol-water. 
The catalyst is made from 0.5 g. of mercuric sulfate, 2 ml. of sulfuric acid, and 
63.4 ml. of water. 

Alcoholic Sodium Hydroxide, 1.0 N.-Sodium hydroxide is dissolved in as little 
water as possible. The sodium carbonate is filtered off, and the solution is di- 
luted with methanol to the desired volume. This solution need not be Standard- 

Aqueous Sodium Hydroxide.-Standard 0.5 N. 

^pparatus.-Glass and calomel electrodes, with a Model H-2 Beckman pH meter 
Procedure.-A sample containing 0.05 to 0.20 mole of acetvlpn.v ^ 

dissolved in melhanol and diluted to 100 ml. in a vlmlt* II “ 10 

are used for die determinations. umetric tiask, lO-ml. aliquots 

Ten milliliters of sample solution are added to 20 ml. of catalyst in a 200-ml. 
Clieniical Society ald’repvimS SiTh peradsS o^^'die rap/righ'/ owner!"^’ American 
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three-necked flask connected to a reflux condenser. Glass stoppers are inserted in 
the two unused necks o£ the flask. The mixture is refluxed for 1 hour and then 
cooled in ice with the condenser still attaclied. After cooling, the condenser is 
washed with 10 ml. of 1 to 1 methanol-water and allowed to drain. The flask is 
disconnected from tlie condenser and glass-calomel electrodes are inserted into the 
flask through the two side nedts. Tlie acid is just neutralized (pH 7) with 1.0 N 
alcoholic sodium hydroxide. 

Fifty milliliters of hydroxylamine hydrochloride are added, the mixture is again 
refluxed for 1 hour and cooled in ice, and the condenser is washed with 1 to 1 
methanol-water. The mixture is transferred to a 400-ml. beaker, using 50 ml. of 
1 to 1 methanol-water to wasli the flask. As much of the solid residue as possible 
is left in the flask during transfer. 

The liberated hydrochloric acid is titrated potentiomctrically witli standard 0.5 
sodium hydroxide, using the glass and calomel electrodes. The end point is 
determined from a plot of milliliters of reagent vs. pH. 

If carbonyl compounds are present in die sample, they should be determined 
using the hydroxylamine hydrochloride analysis on an unliydrated sample. 

Calculation.— 


Ml. NaOH X Nn,.o» X mol, wt. compound X 100 
\Vt. sample X 1000 


% acetylenic compound 


2.4-DlN ITROPHEN YLHYDRA20N E METHOD 

Reagents.— Catalyst as described above. 

A saturated solution of 2,‘l-dinitropheiiyIhydra2ine at O'C. in 2 N hydrochloric 
acid. 

Procedure.— A sample is dissolved in methanol and diluted to 100 ml., so diat i 
lO-ml. aliquot contains approximately 4x10-* mole. Ten milliliters of sample 
are added to 20 ml. of mercuric sulfatc>sulfunc acid catalyst and refluxed for 1 
hour in a three-necked fl.nsk with glass stoppers in the two unused necks. After 
the hydration reaction period, the flask is cooled in ice with the condenser attached, 
and the condenser is washed with 10 ml. of 1 to I methanol-water. At this point 
there is a white precipitate in the flask, which docs not appear to affect the results- 

Witli the condenser still in position, hydrogen sulfide is passed into the solution 
to precipitate mercury as the sulfide. WJicn this reaction is complete (5 to 10 rain- 
utes), the sulfide is filtered off through a No. 30 Whatman filter paper and the 
flask and paper are w.ished with a 1 to 1 solution of methanol-water. 

To the filtrate are added 50 ml. of 2,4-diniirophenylhydrazine solution, and the 
mixture is allowed to stand one-half to ] hour. The resulting solution is wanned 
on a hot plate with constant stirring to coagulate the precipitate. When the 
supernatant liquid is clear, the precipitate is filtered off through a Goocli crucible 
with an asbestos mat, washed with water, dried at lOO'C., and weighed. If tl'e 
resultant hydrazone exhibits a significant solubility with the alcohol present (tin's 
must be predetermined), the solution is boiled for a few minutes to remove as 
mucli alcohol as possible before filtration. Acetylenic compounds containing hy* 
droxyl groups cannot usually be determined by this method, because of the solu- 
bilizing effects of these groups. 

Free carbonyl compounds in the sample will interfere unless a correction is 
applied. 
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Calculations.— 

\^ hydi-azo ne ^ gravimetric factor X 100 = % acetylenic compound 
Wt. sample 


ETHERS 


ALKOXYL-ACmiMETRIC DETERMINATION 

This method applied for metlioxyl through butoxyl determinations. 

Apparatus and Reagents. Alkoxyl Apparatus.-A diagram of this apparatus is 
shown in Fig. 19-4. Any conventional 
alkoxyl apparatus may also be used, al- 
though the scrubber is superfluous. 

Tetrabutylammonium Hydroxide, 0.02 
A.— Tetrabutylammonium hydroxide, 0.1 
N, in 10 to 1 benzene-methanol. Dis- 
solve 80 grams of tetrabutylammonium 
iodide (obtained from Rymark Labora- 
tories, Terre Haute, Ind.) in 180 ml. of 
reagent grade absolute methanol. Place 
in an ice bath, add 40 grams of finely 
ground silver oxide, stopper the flask, 
and agitate intermittently for 1 hour. 

Filter dirough a sintered-glass funnel of 
fine porosity, rinse the flask, and precipi- 
tate with three 50-ml. portions of cold 
benzene and add to the filtrate. Dilute 
die filtrate to 2 liters with dry benzene. 

Add 20 ml. of methanol to 200 ml.- of diis 
solution and dilute to 1 liter with ben- 
zene. 

Pyridine.— Flash-distill teclinical grade 
pyridine from barium oxide using an 
upright condenser, discarding the first 
and last 10% of the distillate. 

Hydriodic Acid.— Merck 8: Company, 

Inc., reagent grade, 55 to 58% HI, speci- 
fic gravity 1.7. No additional purifica- 
tion is necessary. 

Azo Violet Indicator Soludon.— Dis- 
solve 0.5 g. of /i-nitrobenzeneazoresorcinol 
in 100 ml. of pyridine. 

Xylene.— Analytical reagent grade. 

Procedure.— .Accurately weigh 10 to 15 
mg. of the solid alkoxyl compound and 
transfer to the reaction flask. Weigh volatile samples in gelatin capsules. Add 

the solid samples, heating if necessary. 
Add a.O ml. of hydnodic acid and a few boiling stones. Lightly grease the standard- 
s' Cundiff, R. H., and Markunas, P. C., Anal Chem inps loni /-> • i. , 

.he African Che.nical Sode.y a,.d reprla.cd .,I.h peVSUoA“,he owSr.'’’’ 
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taper joints and connect the flasl. to die apparatus. I'Jace 50 ml, of pyridine in an 
Erlenmeyer flask and allow the delivery tip to extend below the surface of the 
soKent. Ihiss nitrogen through the system, adjusting the initial rate to one bubble 
per second. Apply hc.it with a lieatiiig mantle, and adjust the Jieat so that the 
top of the condens«ite is just alxne bulb A. Continue this nitrogen rate for 20 
minutes, then increase the rate to 2 to 3 bubbles per second for the remainder oI 
die reaction period. Allow a niiiiimum amount of condensate to pass into the 
receiser and, if fuming is observed in tlic receiver, lower the nitrogen rate and 
adjust the heal so that fuming is minimhed. Continue the reaction an aiUliiioiu) 
25 minutes for meihoxyl determination, an additional 40 minutes for cihoxyl dt- 
termiiiatioii, an additional 100 minutes for propoxyl and Initoxyl tleiernuiiation. 
and an additional ICl) minutes for S-metbyl determination. Disconnect tlic Eileit. 
meyer flask and rinse the exit tube with pyritliiic*, adding tlic wasliings to the rt- 
ccixing flask. 

Gently boil the pyridine solution 2 minutes, cool, then titrate. The titnitioii 
may he performed potentiomcirically or as follows: Add two drops of aco violet 
indicator solution to tiic pyridine solution and titrate under nitrogen to a red end 
point, lecord the volume, then titrate to a violet end point. The volume differ- 
ence between the red and violet end points is a meusme of the alkoxyl content. 

Perform blank analyses with each change of reagents, and subtract the volume 
difference between the red and violet end points from that obtained in the sample 
•analysis. 

Calculations.— 


TBAH X Ntuau X -OR X 100 ^ ^ 

VVt. sample X 1000 = /o - 

ALKOXYL-JODI.ME'l'RlC “• 

This method applies only for methoxyl and eihoxyl determinations. 

(a) ROR' ’ 

O 

RCOR 

ib) RI + Brj RBr + IBr 

(c) IBr + 3H^ + 2 Br 3 HIO 3 + 5HBr 

(d) HIOj + SHI 3Ij + 3HsO 

Reogenlr. Potassium Acetate in Acetic Add.— Dissolve 100 g. of cp. anhydrous 
potassium acetate in 1 liter of solution containing 900 ml. of glacial acetic acid and 
100 ml. of acetic anhydride. 

Bromine Solution.— Dissolve 1 ml. of bromine in 29 ml. of the above potassium 
acetate reagent. This solution should be prepared fresh daily. 

Sodium Acetate.— Dissolve 250 g. of c.p. anhydrous sodium acetate in 1 liter of 
distilled water. 

38 Method as described by N’iederl and NiedcrI. Microineihods of Quantitative Oiganic 
Analysis, 2nd Ed., John 3Viley and Sons, Inc., New Vork, pp. 239-244, 1942. Repriniecl 
with permission of the copyright owner. 




quantitative organic analysis 

Aqueous Red Phosphorus Suspeusiou.-Suspeud 30 g. ot c.p. red phosphorus in 

50 ml. of 5% CdSO^. 


Potassium Iodide, c.p. 

Formic Acid.-Reagent grade, 90% sp. gr. l._0. 
Hydriodic Acid.-C.p. constant boiling mixture, b.p. 


126“ to 127°C. (57% bydri- 


odic acid). 



Sulfuric Acid, 10%.— Add 60 ml. of concentrated sulfuric acid to 940 ml. of dis- 
tilled water. 

Sodium Thiosulfate.— Standard 0.1 N. 

Starch Indicator. 

Carbon Dioxide.— A commercial cylinder with a reducing valve is a good source. 

Apparatus (Fig. J9-5).— Complete apparatus can be purclrased from Scientific 
Glass Apparatus Company, Bloomfield, New Jersey, Catalog M-1745. 

Procedure.— The trap (A) is two-thirds filled with tlie red phosphorus suspen- 
sion. The phosphorus trap is to keep any free iodine from getting into the re- 
ceiver. The CdSO^ is to remove any hydrogen sulfide formed. 
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2P + 3I2 -» 2 Pl 3 ' 

PI3 + 3H2O 3 HI 4 - HsPOs” 

The receiver (B) is filled to a level representing one-third of the bulb portion (C) 
with bromine solution. The sample is placed in die reaction vessel together 
with a boiling chip and a crystal of phenol- Liquid samples should be weighed 
in gelatin capsules. To the sample is added 6 rah of constant boiling hydriodic 
acid, the reaction flask is immediately attached to the condenser, and the joint is 
moistened witli hydriodic acid. Water is circulated through the condenser, and 
the reaction flask is heated. A slow stream of carbon dioxide is bubbled through 
the solution at a rate of about 2 bubbles per second. An oil bath at ISO" to 150“C. 
or a hot-spotter can be used as the beating clement. After 45 minutes (I hour 
for ethoxy] determination) the contents of the receiver arc quantitatively trans- 
ferred to a 500-ml. flask containing 10 ml. of sodium acetate solution. The solution 
is diluted to about 125 ml. with water, and formic acid is added dropwise until 
tile bromine color is dischatged; then three adilitional drops are added. After the 
solution stands S minutes, 3 g. of potassium iodide and 15 ml. of 10% sulfuric 
acid are added. The liberated iodine is titrated with 0.1 N sodium thiosulfate, 
starcli indicator being used. A blatik should be run on the phenol alone. In most 
cases, howe\cr, the blank is so small as to be utmecessary. 

In a few cases the sample is not attacked completely by the hydriodic acid. This 
is probably due to insolubility in the acid. In these cases, a 1:1 phenoLhjdriodlc 
acid mixture should be tried. 

Calculatloas.— 


Ml. thiosulfate X Y thiosulfate X mol, wt. alkoxyl group X 100 
Grams sample X 6000 . 


% alkoxyl 


METHOD FOR OXYALKALENE GROUPS R(OCH.CH2),ORi 
WHERE X CAN HE 1 OR GREATER AND R AND Ri 
CAN BE HYDROGEN ATOMS OR ALKYL, ARYL, 

OR ACYL GROUPS « 

-(OCH 2 CH 2 ), 4- 2<HI jICHzCH:! + xHzO 


i CH*CH 2 l 4- Is 

CHz = CHz 4- I 2 

lieageritf. Hydriodic Acid.— 55 to 58%, specific gravity 1.7 as used for metlioxyl 
determinations is required. It is preferable to use hydriodic acid witli as little free 
iodine as possible, in order to obtain low blanks and results with optimum pre- 
cision and accuracy. Freshly opened bottles of hydriodic acid hav'e a free iodine 
content equivalent to 2 to 4 mJ. of 0.1 N tliiosulfate per 5 ml. of hydriodic acid. 
The free iodine increases rapidly once the bottle is opened and it is not advisable 
to use acid with a free iodine content equivalent to over 10 ml. of 0.1 N thio- 
sulfate per 5 ml. of acid. This impure acid will clea\e the etlier and ester Ihik- 

3fl Samuel and McHard, Ind. Eng. Chem., Anal. Ed.. 14, 754, 1942. 

ioSiggia, S, Starke, A. C.. G.iris, J. J„ and Stahl, C. R., Anal. Chem., 30, 115, jw- 
Copyright 1958 by the yimencan Chenucal Society and reprinted with pennission of ihc 
copyright owners. 
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^ iicpfi but the high blanks prevent optimum results. Hydnodic 

ages lo.ver its free iodine content; however, it was found more 

toK o i" O-SS-pound bottle. Each bottle lasts lor a few 

SKrminatlons and not enough time elapses tor the blank to become ettcesstve. 
Hydriodic acid containing hypophosphorus acid as a stabilizer must not be use . 

Aqueous Potassium Iodide Solution, 20%. 

Standard Sodium Thiosulfate, 0.1 IV. . ^ , jr 

Carbon Dioxide.-Cylinder gas or dry ice in a Dewar flask can be used. Un- 
opened cylinders should be rapidly vented to the atmosphere until frost forms on 
the nozzle of the valve. This reduces the oxygen content of the remaining gas 


and results in lower blanks. r , j • t 

Procedure.-lmo a 50-ml. round-bottomed flask is pipetted 5 ml. of hydnodic 
acid. The flask contains a ground-glass joint to accommodate a vertical condenser, 
and is equipped widi a side arm through which carbon dioxide can be passed to 
blanket the solution. A weighed sample containing 0.001 to 0.002 mole of oxyal- 
kylene group is added to die hydriodic acid. The sample is best weighed in a 
tared ^lass thimble (1-ml. beaker works well) and then is dropped into the acid, 
thimble and all. The vertical condenser is connected with a thin grease seal at 
the outermost edge to cause a good seal. Too much grease should be avoided, 
as iodine tends to dissolve in die excess grease. 

The flow of carbon dioxide is commenced and kept at a rate of a few (1 to 5) 
bubbles per second. A bubbler must be used in the carbon dioxide line, in order 
to avoid excessive amounts of gas, and to prevent iodine from being swept out 
of the system, causing low results. The system has to be kept under an atmosphere 
of carbon dioxide to avoid air oxidation of the iodide ion to free iodine, which 
would yield high, irreproducible blanks. After allowing a few minutes for the 
system to be covered widi a blanket of carbon dioxide, heating is commenced. 
The sample solution is boiled gently for 90 minutes; vigorous boiling causes loss 
of iodine through the condenser. Ninety-minute boiling was sufficient for the most 
stubborn compounds encountered in this study; 45 minutes was satisfactory for 
ethylene glycol. 


Concurrent with die sample is run a blank in the same manner and in duplicate 
equipment. A glass bead is included in die blank to avoid bumping. Carbon 
dioxide from the same source is fed into the system containing the blank. The 
blank is heated for the same length of time, because the blank is sizable and vari- 
ation must be kept at a minimum for optimum results. It was found advantageous 
from a time standpoint to run several samples at one time, along with one blank. 
These are all heated at one time, by using a manifold of glass tubing to deliver 
the carbon dioxide from one cylinder. The use of one cylinder is emphasized, 
as carbon dioxide from cylinders contains oxygen which affects the blank. ' Dif- 
ferent cylinders would contain different amounts of oxygen. 

After the 90-minute boiling period, the walls of the condenser are washed down 
with 15 ml. of 20% potassium iodide solution. All crystals of iodine which may 
have formed in the condenser must be dissolved by the potassium iodide The 
condenser IS dien washed with two 10-ml. portions of water and is disconnected 
from the flask. The tip is rinsed, and this washing is added to the flask ~ Thp 
contents of the flask are washed into an Erlenmeyer flask and titrated witli 0 1 N 
ffiiosulfate to the disappearance of the iodine color. Some samples which contain 
huge organic nuclei leave a tarry residue as a button This • -ki • i 
...e Bask or in U. reaciln Bask. ThU Sne Istau'; 
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UTable amount of iodine dissolved iu it. Tlus button should be dissolved in meih- 
anol and any iodine present should be titrated with thiosulfate. This increment 
is added to die original titration. 

Calculation.— 


(ML sample — ml. blank) X N thiosulfate X fOCHaCHa) 
Wt. sample X 20 


« % (OCH 2 CH 2 ) 


AMINES: GENERAL METHOD BY TITRATION 


TITRATION IN GLYCOL-ISOPROPANOL “ 

Aliphatic amines can generally be titrated directly in aqueous solution with 
standard acid. If the amine is water insoluble, an excess of standard acid can be 
added and die excess acid back-titrated. Aromatic amines cannot be handled 
conveniently in this manner since dtcy are very weak bases and yield very poor 
titration curves and, of course, no distinct indicator clianges. 

However, aromatic amines (including iiaphthylamincs) and other weak organic 
bases such as pyridine and quinoline can be titrated nicely when dissolved in 1:1 
ethylene glycol-isopropanol and titrated with 0.5 or 1.0 A hydrochloric acid made 
up with the glycol-isoprop.inol solvent (the regular concentrated hydrochloric acid 
is used to make up the solution: anhydrous acid is not needed). The titration 
curves obtained in this solvent yield much sharper breaks tlian those for the 
same amine in an aqueous system. For some amines, even indicators can be used. 
High degrees of accuracy and precision (±0.05 nil.) can be obtained lor amines 
with basic dissociatioti constants down to I0~^L 

The pH values read oil the meter have no absolute meaning when titrating In 
the glycol-isopropaiiol solvent; however, the changes in “apparent pH" are the 
most important factors in a titration, and these changes are accentuated in this 
medium to give the more accurate and precise titration. 

TITRATION IN GLACIAL ACETIC ACID 

In glacial acetic acid the titration curves are so accentuated— tliey are even 
sharper than in the glycol-isopropanol— Uiat even good indicator end points can 
be obtained. 

Reagents. Perchloric Acid, O.I fV.— About 8.5 nil. of 70% perchloric acid are 
dissolved in 1 liter of glacial acetic acid. Add 15 nil. of acetic anhydride cau- 
tiously in small portions, aiitl allow to sUiid overnight. 

Sodium Acetate Solution, 0.1 A'.— This is used to standardize the perdiloric acid. 
Dissolve a weighed portion (about 0.53 g.) of dried sodium carbonate in enough 
acetic acid to make 100 ml. of solution. Potassium acid phthalate makes a very 
good and also convenient sc.iiidard. 

Methyl Violet Indicator or Naphthol llenzcin.— 0.25% solution iu acetic acid. 

Procedure.— The regular acid-base type titration is the procedure used here ex- 
cept that 25 to 50 ml. of glacial acetic acid is used as a solvent. The methyl violet 
indicator changes from the violet to a green, and the naphthol benzein goes from a 

<1 Method of Palit, S , Anal Chem.. 18, 246-251. 194G. as described by Siggia, S . Qu^iu- 
tative Organic Analysis Via Fuiicrional Groups. 2nd Ed., John Wiley and Sons, Inc., New 
V 01 k. pp. 104, 106, 1954. 

♦-Method of Iritz, J. J., as described by Si^ia, S., op. cit., p. 105. Reprinted witi 
pcimission of the copyright owner. 
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yellow to a green. Either indicator can be used. This solvent can be used for a 
potentiometric titration, using the standard pH meter with glass and calomel elec- 
trodes. Another set of electrodes can be used for this system, namely, the glass 
electrode as indicator electrode and a silver wire with a thin coating of silver 
chloride as the reference electrode. 

The procedure is generally applicable to weak bases with dissociation constants 
down to 10-10. The end points obtained in acetic acid are generally sharper 
than those obtained in glycol-isopropanol, and accuracy and precision of ±0.3% 
can easily be obtained. 

TITRATION IN ACETONE 

Acetone can also be used as a solvent for titrating amines with a high degree 
of accuracy and with sharp end points for the weak bases. A solution of 0.1 N 
hydrochloric acid in glycol-isopropanol or a O.I N solution of /j-toluenesulfonic acid 
in an alcohol can be used as titrating solution. The standard glass and calomel 
electrodes can be used for potentiometric titration. 

GENERAL METHODS IN DETERMINING AROMATIC AMINES BY 
DIAZOTIZATION AND NITROSATION 

No specific reference can be given for any general method of employing nitrous 
acid. The following procedure is a conglomeration of many known procedures. 

The procedure will mainly determine primary and secondary amino groups. 


NHoHCl 



+ HONO 


NHCHa 



+ HONO 



+ 2H.O 


+ H2O 


Reagents.— 

Sodium Nitrite.— 1 N, 0.5 N, 0.1 N. 

Starch-Iodide Paper. 

Concentrated Hydrochloric Acid. 

Glacial Acetic Acid. 

Potassium Bromide Solution, 25%. 

Procedure.-A sample of amine large enough to give a 20-ml. titration with 
? certain strength is weighed into a Miter beaker and dissolved in about 
concentrated hydrochloric acid, and 25 or 50 ml of 
- 0 % potassium bromide. (The amount of potassium bromide used depends on 

^sSiggia, S., Quantitative Organic Analysis Via Functional Groups ’nd Ed Tr.hr, tum 
and Sons, Inc., New York, pp. 105, 106, 1954. ^ Wiley 

^■TSiggia S., Quantitative Organic Analysis Via Functional Groups 2nd Fd Tr.i lo-. 
and Sons. Inc.. New .ork, pp. 108-111, 1954. Reprinted with permission oMhi ^mpjrigfm 
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die ease of nitrosation of die amine.) Potassium bromide can be eliminated if 
the amine reacts rapidly. If the sample is not soluble in dilute acid, die sampl? 
can be dissolved in a few milliliters of glacial acetic acid and then the water and 
hydrocliloric acid are added. The amine, in such cases, generally remains ii^ 
solution. 


The required strength of sodium nitrite depends on several factors: ease of nj. 
trosation, clarity of end point, instability of die nitrous acid. TJie 1 jV sodium 
nitrite will give a better end point, but the danger of losing nitrous acid h mudi 
greater since more is formed on eacli addition than is formed with the more dilute 
sodium nitrite. When the more dilute sodium nitrite is used, a poorer end point 
results, but the diances of loss of nitrous add are lower. 

The beaker containing tlic sample is immersed to widiin an incli of the rim in 



Fio I9*G. Apparatus for Deter- 
mining Aromatic Amines by Di- 
azotizatioii and Nitrosation. 


chopped ice and water until die temperature is 
about b’C. This is to lower diances for loss of 
nitrous acid. Then, with the tip of the buret 
well under the surface of the solution (see Fig. 
19-G). die nitrite standard solution is added at a 
rate depending on how rapidly the amine con- 
sumes the nitrous acid. There sliould never be 
a large c.vccss of nitrite present, since this causes 
loss of nitrous add. At first, the nitrite should 
be ad<Icd in small increments and the solution 
tested by dipjiing into the solution a sm’p of 
starch-iodide paper; the paper turns the blue- 
black color of iodine In stardi if nitrous acid is 
present. If ilie amine consumes the nitrous acid 
rapidly, the nitrite can be added more rapidly. 
If the amine nitrosates slowly, the nitrite is added 


more slowly. The purpose of the potassium bromide is to catalyze the nitrosation; 
it should be added whenever the iiliriic is consumed too slowly. If die amine 


nitrosates too slowly, the end point is very hard to detect. The nitrite is added 


in smaller increments as the end point is approached. This decreases the cliance 


of overtjiraiJon, 


The end point is tlie point at which the blue-black color is produced on the 
starch-iodide paper when the solution has stood for quite a time after die addi- 
tion of nitrite. As the end point is approached the nitrite will be consumed more 
slowly so that a sufficient length of time (depending on the rate at which the par- 
ticular amine nitrosates) should be allowed before testing for the end point. An 
excess of nitrite gives the blue-black color on the paper immediately on immer- 
sion in the solution. In some cases, the starch-iodide paper, on being dipped 
into the solution, does not darken immediately but darkens slowly on exposure to 
air. Tliis should not be construed as indicating excess nitrite since the nitrile 
produces the color immediately. Colored amines and precipitates will hamper 
tlie viewing of any color on the paper. However, the presence of excess nitrite 
still can be shown by the solution tliat diffuses up the indicator paper, showing a 
blue-black portion above the mark which indicates tlie depUi of the immersion of 
the paper in Uie solution. 

The sodium nitrite is standardized by leaction with sulfanilic acid, which can be 
purchased in a pure state. The procedure is that described above. 



QUANTITATIVE ORGANIC ANALYSIS 491 

Calculations.— 

Ml. nitrite X N N02~ X mol, wt. compound X 100 
Grams sample X 1000 X n 

= % compound based on diazotization or nitrosation 
n = number of amino groups per molecule 

Discussion.— Interfering substances consist mainly of compounds which are readily 
reduced by nitrous acid and also compounds which contain active methylene 
groups. The compounds with active methylene groups will nitrosate and can be 
determined by this procedure. The pyrazolones are such compounds. 

METHOD FOR DETERMINING MIXTURES OF PRIMARY, 
SECONDARY, AND TERTIARY AMINES 

Reagents. Ethylene Glycol-Isopropanol Mixture, 1:1. 

Hydrochloric Acid.-Standard 1 N, in ethylene glycol-isopropanol mixture: 96 
ml . of concentiated hydrochloric acid are cliluted to 1 liter with T. 1 ethylene 
glycol-isopropanol. 

Acetic Anhydride, c.p. 

Salicylaldehyde (from bisulfite addition compound). 

Procedure A: Total Amines.— A sample containing approximately 0.02 mole 
of total amines is accurately weighed in a weighing bottle. The contents of the 
weighing botde are washed into a 150-ml. beaker with 1:1 etlrylene glycol-iso- 
propanol mixture. Ethylene glycol-isopropanol mixture is added until the volume 
is approximately 50 ml. A pH meter is used to indicate the apparent pH after 
each addition of acid as the sample is titrated with 1 N hydrochloric acid prepared 
in the ethylene glycol-isopropanol mixture. The neutralization point is deter- 
mined by plotting the apparent pH against milliliters of acid. 


Ml. of HCl X iV 

Grams sample X 1000 " “■"'■’“/s-'am sample 

Procedure B: Secondary Plus Tertiary Amines.— A sample containing approxi- 
mately 0.02 mole total of secondary and tertiary amines is accurately weighed in a 
weighing bottle. The contents of the weighing bottle are washed into a 150-ml. 
beaker with 1 . 1 ethylene glycol-isopropanol mixture. Ethylene glycol-isopropanol 
mixture is added until the volume is approximately 50 ml. Five milliliters of 
salicylaldehyde are added (more should be used if the amount of primary amine is 
larger dian 0.035 mole). The mixture is stirred thoroughly and allowed to stand 
at room temperature for one-half hour. A pH meter is used to indicate the ap- 
parent pH after each addition of acid as tire sample is titrated with 1 N hydrochloric 
acid prepared in the ethylene glycol-isopropanol mixture. The neutralization point 
IS determined by plotting apparent pH against milliliters of acid. 


Ml. HCl X N _ 

Grams sample X 1000 ~ secondary plus tertiary amine/gram sample 


« Hlethod of Siggia, S., Hanna. J. G.,.ancl Keii'enski 
Copyright 1950 by the American Chemical Society and 
copyright owners. 


I. R., Anal. Chem., 22, 1295, 1950. 
reprinted with permission of the 
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In ilie case of tlie alipliatic amines, two breaks are usually obtained in the titra- 
tion curve after the addition of the salicylaldehydc. This is due to the fact 
that the ScIiifF bases of the aliphatic amines still have a noticeable basicity aldiough 
it is not so great as that of the original primary amine or that of the secondary and 
tertiary amines. The first break in the curve, therefore, is the secondary plus the 
tertiary amine content of the sample. The difference between the first and second 
breaks represents the primary amine content of the sample. 

Procedure C: Tertiary Amines.^A sample that contains approximately 0.02 mok 
of tertiary amine is accurately weighed in a 20- by 150-mm. test tube and is cooled 
by plating in a beaker of ice. Ten milliliters of acetic anhydride are added slowly 
while the test tube is swirled. The test tube and contents are allowed to stand 15 
minutes at room temperature. The contents are quantitatively transferred from the 
test tube into a I50-ml. beaker by washing witli T.l ethylene glycoi-isoprojwnol 
mixture. 

Etliylene glycol-isopropanol mixture Is added until the volume is approximately 
50 ml. A pH meter is used to indicate the apparent pH after each addition of 
acid as the sample is titrated with 1 A' hydrochloric acid prepared in the ethylene 
glycoMsopropanoI mixture. The iieuiraliration point is determined by plotting 
the apparent pH against tnillilitefs of acid. 


Ml. of HCI X iV 
Crams sample X 1000 


moles tertiary amincs/gram sample 


Calculations.— 


primary Amine 

Moles total amine moles secondary + tertiary amine _ moles primary amine 
Gram gram gram 


Moles primary amine 
Gram 


X mol. wt primary amine X 100 = % primary amine 


Secondary Amine 

Moles secondary amine + tertiary amine moles tertiary amine 
Gram gram 

moles second ary amine 
gram 

Moles secondary amine . . • 

Gram ^ amine X 100 = % secondary amine 

Terhary Amine 

Moles tertiary amine ^ 

Gram ^ ^®^**®*Y ^nrine X 100 = % tertiary amine 
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HYDRAZINE COMPOUNDS 


METHOD FOR DETERMINING WATER SOLUBLE, 
ALIPHATIC HYDRAZINES ^8 
Reazents. Iodine.— Standard 0.1 
Sodium Bicarbonate. 

Starch Indicator. 

Procedure.-Ahout 0.0005 to 0.0001 mole of hydrazine is dissolved in about 20 
to 50 ml. of water. About 1 g. of sodium bicarbonate is added, and the solution is 
titrated with 0.1 N iodine, starch being used as an indicator. 

Calculation.— 


MI. I 2 X iV I 2 X mol. wt. hydrazine X 100 
Grams sample X 4000 


% hydrazine 


GENERAL METHOD FOR DETERMINING HYDRAZINES BY 
OXIDATION WITH CUPRIC ION 
This method applies quite generally to aromatic hydrazines, substituted and 
unsubstituted. It also applies to a good number of aliphatic substituted and un- 
substituted hydrazines. 



Fig. 19-7. Apparatus for Determining Hydrazines by Oxidation with Cupric Ion 


Apparatus. The apparatus, shown in Fig. 
Hask, F, in which tire nitrogen is liberated. 


19-7, consists essentially of a reaction 
a Lunge nitrometer. J, in which the 


Sjggia, S., and Lohr, L. J., Anal. Chein 21 19^ 

American Chemical Society and reprinted with permissron’of ?i 


. Van Nostrand Co., Inc., 

Copyright 1949 by the 
copyright owners. 
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liberated nitrogen is measured over 50% potassium hydroxide, and a cylinder oi 
purified carbon dioxide. A, which is used to displace die air from die apparatus 
prior to an analysis and to sweep the liberated nitrogen into the nitrometer. 

The 100-ml. reaction flask, F, is attadted to the apparatus by a standard taper 
24/40 joint. The reagents are introduced through the separatory funnel, G, and 
the delivery tube, L, which has a maximum diameter of 3 or 4 mm. and a constric- 
tion at the bottom to prevent displacement of the liquid during decomposition of 
the sample. The reflux condenser, H, whidt is sealed to Af, has an internal diain 
eter of 12 mm. and allows vigorous refluxing of the reactants. 

The carbon dioxide rate is controlled by the needle valve, B, and is estimated 
by the bubble counter, E, which is filled with an inert liquid such as butjl 
phthalate. 

Other essential parts of the apparatus are the safety manometer, C, the leveling 
bulbs, D and K, and the three-way stopcock, /, which permits bypassing the nitrom- 
eter. 

Commercial tank carbon dioxide is purified prior to use by venting rapidly 
about 50% of the carbon dioxide from the cylinder. A cylinder of carbon dioxide 
purified by this procedure contains a negligible impurity and contains suIRdent 
carbon dioxide for several hundred aitalyses. 

Procedure.— y\\s apparatus is prepared for an analysis by completely displacing 
tile air with carbon dioxide up to the reaction flask, F. The mercury in the safety 
tube, C, is lowered to a point slightly below the curved section ol the manometer, 
so that carbon dioxide can be passed through tlic manometer to die atmosphere. 
After the air is completely displaced from the manometer, ilic leveling bulb, D, h 
raised until the mercury level is approximately halfway up die manometer. The 
carbon dioxide rate is then increased, and in several minutes dve air will be com- 
pletely displaced up to F. The delivery tube, L, is filled with water. 

A sample that will give from 15 to 25 cc. of nitrogen is weighed into F, whidt is 
securely fastened to the apparatus by tension springs. Stopcock 1 is opened to the 
atmosphere, and carbon dioxide is rapidly passed through the apparatus until the 
air is completely displaced by carbon dioxide. This will acquire from 5 to lO 
minutes. After displacing die air, the carbon dioxide rate is reduced to 1 to 2 
bubbles per second. Stopcock / is closed so the carbon dioxide passes into the 
nitrometer, and after several minutes inicrobubbles are obtained. The air collected 
in the nitrometer is displaced, and the leveling bottle lowered until it is about level 
vvidi the nitrometer inlet tube. Forty milliliters of saturated copper sulfate, 15 mb 
of 95% sulfuric acid, and 10 ml. of distilled water are drawn into the reaction flask 
The solution is boiled until the reaction is complete and microbubbles are obtained. 
The carbon dioxide rale can be increased after the reaction appears complete to 
speed up sweeping the liberated nitrogen into tlie nitrometer. A blank is 
determined on an equal volume of copper sulfate, sulfuric acid, and water and is 
usually about 0.6 ml. 

CaIcuIations.-~.,4 = volume for nitrogen corrected for a blank for the carbon di- 
oxide; p = barometric pressure corrected for vapor pressure of potassium nydroS- 
ide * solution at temperature T. 

• See table under "Diazonium Salta.” 
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pA 

T760 

T + 2li 

273 

1 

_ A (v = moles of nitrogen collected) 

22,400 

A' 

^ X mol. wt. hydrazine X 100 _ 

Grams of sample 


DIAZONIUM SALTS 


GENERAL METHOD USING DECOMPOSITION AND 
MEASUREMENT OF THE NITROGEN LIBERATED 



CuCl + HCl 

> 

H.O 


Apparatus (Fig. 19-8).— 


OH 

+ N 2 + HGl 


A = 25-ml. separatory funnel. 

B = 100-ml. nitrometer containing 50% potassium hydi'oxide. 
C = 10-mm. tubing. 

D = 2-mm. capillary. 

G = 5-in. condenser. 

H — bubbler. 

I = thermometer. 

J = 150-ml. flask. 


Reagents. Cuprous Chloride. 

Concentrated Hydrochloric Acid. 

Procedure.— In about 15 ml. of concentrated hydrocliloric acid, 3 g. of cuprous 
cliloride is dissolved and the resultant solution is placed in the separatory funnel, 
A. A sample containing about 0,001 mole of diazonium salt is weighed into the 
reaction flask. The flask is attached to tire condenser, all joints being greased to 
prevent leakage. The nitrometer, B, contains potassium hydroxide solution (71.5 
g. of potassium hydroxide per 100 ml. of water) and a layer of mercury at the bot- 
tom. The level of tire mercury extends about in. above the entrance tube. The 
function of the mercury is to prevent clogging of the capillary, D, witli potassium 
carbonate. Carbon dioxide is passed through the apparatus to flush out the air; 
it is continuously passed tlrrough until the bubbles reach a minimum size in the 
nitrometer. These minute bubbles are indicative of the potassium hydroxide 
insoluble impurities contained in the carbon dioxide. A blank run should be 
made on each cylinder of carbon dioxide to correct the volume readings for each 
sample. The blank determination is made as follows: After all tire air is swept out 
of the apparatus, the accumulated inert gas is removed from tire nitrometer and 


‘s Siggia, S., Quantitative Organic Analysis Via Functional Groups, 2nd Ed John Wil^v 
owner°”** R^P^nted with permission of the copyright 
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the number of bubbles of carbon dioxide per minute (2 bubbles uer sem a • 
a convenient rate) is counted and the time is noted. Every 15 minuta the “ 
eter is read to obtain the volume of inert gas collected in the period Tl • 
done over a period of 2 to 3 bourn. The average is taken for the volume of illeu 
gas collected per 15 minutes at that particular rate of flow. When -i i 
mialyzed, the carbon dioxide is fed in at the same rate as i.t the case of the Tlalk 
The itme required tor the sample to react completely is noted, the carbon , I, ortj 



Fig. 19-8. Diazo Nitrogen Apparatus. 

corded subtracted from the volume re- 

Lartre blanks r correction is usually small but it is significant, 

results. ^ ffoni impure carbon dioxide decrease the accuracy of the 

described a'c is swept out of the apparatus as previously 

cuprous chInriHp ** from the nitrometer and the solution of 

A into the Tf> /•” rochloric acid is allowed to flow from the separatory funnel, 

TWuprol ch -‘d 

enter the anmraf ^ ^olfowed by 50 to 75 ml. of water, no air being allowed to 
perature umM fh reaction flask is heated to boiling and kept at that tem- 

eter reachint^ fl ^ ** complete, as indicated by the bubbles in the nitrom- 

eter reaching their minimum size. The heat is shut off, and the apparatus is al- 
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lowed to stand for 5 to 10 minutes to reach temperature equilibrium. The car- 
bon dioxide flow is continued throughout this period of standing. The volume of 
oas collected is read, the leveling bulb on the nitrometer being used to set the 
pressure of tlie gas in the nitrometer equal to atmospheric pressure. The temper- 
ature is read on thermometer, /, and the barometric pressure and time are noted. 
The volume of gas collected is corrected for the blank determination made on the 
carbon dioxide, the time required for the reaction being taken into account. The 
volume is also corrected for the vapor pressure of the potassium hydroxide solu- 
tion. 

Vapor Pressure of Potassium Hydroxide Solutions Containing 71.5 Grams of 
Potassium Hydroxide per 100 Grams of Water 
(International Critical Tables) 


°C. mm. Hg 

15 4.1 

20 5.6 

25 7.4 

30 9.6 

35 12.7 


Calculations.— 

A = volume of gas, corrected for carbon dioxide blank 

P = atmospheric pressure - vapor pressure of the 50% potassium hydroxide solution 
T = temperature recorded at the end of analysis 

AP ^ Ai 760 
T + 273 ~ 273 

di = volume calculated to N.T.P. 

I .r , 

22^^ ~ ^ moles of nitrogen collected) 

■V X mol, wt. diazonium comp ound X 100 

Grams sample "" ^ diazonium compound 


AZO, HYDRAZO, AND NITRO COMPOUNDS (_N=N 
— NHNH— , AND —NO.) 

GENERAL METHOD BY REDUCTION WITH 
TITANOUS CHLORIDE 


RN=NRi -f 4(H) 
RNO 2 + 6(H) 
RNHNHRi + 2(H) 


RNHo + RiNHo 
RNH. -f 2 H 2 O 
RNH 2 + R 1 NH 2 


O'vner. Reprinted with permission of the copyright 
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This procedure is readily adaptable to reduction of aro, hydrazo, and nitro groups. 
Indications are that this procedure may also be applicable to the reduction of dU- 
zonium compounds. Titanous ion is a strong reducing agent, and tliis is one of its 
drawbacks; atmospheric oxygen will oxidize it. Tlie reagent must be stored under 
an inert atmosphere, and the reduction must be carried out under nitrogen. Wth 
proper precautions for elimination of oxygen, the procedure 
can be used with good accuracy and precision. 

Reagents. Titanous Cliloride.— One liter of water contain- 
ing 100 ml. of concentrated hydrochloric acid is boiled to 
remove dissolved oxygen. Tliis solution is cooled under 
nitrogen, and to it is added 560 nil. of 20% titanous cliloride 
(TiCig is sold in 20% solution). The solution is diluted to 
2 liters with freshly boiled and cooled distilled water. The 
solution is stored under hydrogen or oxygen-free nitrogen in 
an apparatus as depicted in Fig. 19-9. 

Ammonium Thiocyanate.— 10% solution. 

Ferric Ammonium Sulfate Solution.— In 600 ml. of water 
282 g. of ferrous .'immonium sulfate Is dissolved, and 50 ml. 
of concentrated sulfuric acid is added. To the still warm 
solution, 80 to 100 ml. of Pcrhydrol (30% hydrogen peroxide) 
is added slowly, with stirring. The excess peroxide is boded 
off, and the solution is cooled and diluted to i liters. To 
standardize the Icrric ammonhim sulfate solution 20 ml. o! 
the solution is placed in a 250-ml. iotline flask together with 
4 ml. of 4 N hydrochloric acid. Then 2 g. of potassium iodide 
is added, and the solution is allowed to stand for 5 minutes. 
Tiie liberated iodine is titrated witli 0.1 N sodium iliiosulfate 
to tite starch end point. 

Aftparufus.— Storage buret for titanous cliloride (Fig, 19-9). 
The buret, as indicated in Fig. 19-9, is used for Karl Fischer 
reagent. This reagent must be protected from water vapor 
so tlut ascariic lubes arc shown in the di.agram. Titanous 
chloride solution must be protected against oxygen so dial the 
Fic. 19-9. Storage ascaritc tubes do not apply in this case. For titanous chloride 

Buret for Titanous solution a liydrogcii geiienitor (a Kipp generator) is attached 

Chloride. to the vent from the storage bulb. In this manner, a continu- 

ous hydrogen atmosphere is maintained above the solution. 

Attached to the vent of llie measuring buret section of die apparatus is a small 
stopcock. 

When the app.iratus is charged wiili titanous chloride solution, the atmosphere 
above the solution is purged ol air by turning the buret stopcock so that the meas- 
uring buret is open to the atmosphere at the lip. The hydrogen from the generator 
will then flow through the bypass tube from the reservoir, to the buret, and on to 
the outside througli the buret tip. This operation will purge the buret as well as 
the atmosphere above the titanous chloride solution. In filling the measuring 
buret, the stopcock is turned to connect the buret to die reservoir. Then die stop- 
cock on the vent of the buret is opened, and the buret will fill with reagent. The 
reagent entering die buret will force out the hydrogen through the stopcock at the 
vent. As soon as the buret is filled to the desired level, both die stopcock at the 
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vent and at the tip of the buret are closed. To introduce the reagent to the re- 
action vessel, the stopcock at the buret tip is opened to tlie reaction vessel contain- 
ing the sample (through which oxygen-free nitrogen is 
bubbling). The hydrogen pressure in the apparatus will 
cause the solution to flow out of the buret. 

Reaction flask (Fig. 19-10). 

Procedure.— About 0.005 equivalent of sample is 
placed in a 500-ml. Erlenmeyer flask and dissolved in 
water or in glacial acetic acid if the sample is water in- 
soluble. The flask is then equipped as shown in Fig. 

19-10 to keep the reaction under nitrogen. Oxygen-free 
nitrogen is passed through the sample for 5 to 10 min- 
utes. Next 25 ml. of titanous chloride solution, 30 ml. 
of concentrated hydrocliloric add, and 2 ml. of hydro- 
fluoric acid are added. The solution is boiled for 5 min- 
utes (a longer time may be needed for some samples). 

A condenser should be attached to the reaction flask for 
volatile samples. With the nitrogen still bubbling 
through die solution, the flask is cooled in ice, and 10 
ml. of 10% ammonium diiocyanate are added. The 
solution is titrated with the ferric ammonium sulfate 
solution to a red end point, while the nitrogen is kept 



bubbling through the solution. 


Fig. 19-10. Reaction 
Flask. 


The 


A blank should be run on the titanous chloride for each set of reductions, 
same solvent should be used for the blank as is used for the sample. 
Calculations.— 

(Ml. F.A.S. blank — ml. F.A.S. sample) X iVF.A.S. X mol, wt. compoun d X 100 

Grams sample X 1000 X A 

= % compound 

A = number of hydrogen atoms consumed per molecule of compound 

Discussion.-Oxygen is the most troublesome interference in this procedure; 
however, any reducible substance will usually interfere. Ethylenic or acetylenic 
compounds generally will not be reduced by titanous chloride. ^ 


MERCAPTANS 

GENERAL METHOD BY TITRATION WITH SILVER ION 

INDICATOR METHOD 

Reagents. Silver Nitrate Solution.— Standard 0 005 N 

standardkecl against the silver nitrate 

?r- ’■ 

ytk, pp. 33S-3S4. 1953 (edited by MUdiell’ t ' Ir 'et*’an“R'""“ 

the copyright owner. ^ ^ with permission of 
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Ferric Alum Indicator.— Approximately -10 g. of ferric alum is dissolved iu 100 ml. 
of 1 A? nitric acid. The solution is boiled to remove nitrogen oxides, cooled, and 
diluted vvitii three volumes of distilled water. 

Procedure.~h solution of I to 2 milliequivalents of mercaptan in 100 ml. q{ 
benzene, naptha, octane, or heptane is prepared from an accurately weighed 
sample. Exactly 10 ml. of the sample solution are transferred to a 250-nil. Erlen- 
meyer flask followed by 10 ml. of anhydrous methanol. Approximately 45 ml. of 
0.005 N silver nitrate solution are added front a buret to the sample solution 
whicli is continuously agitated. Two ml. of ferric alum indicator are added, and 
the solution is titrated with 0.005 N ammonitim thiocyanate solution until a faint 
pink end point is reached. The solution should also be continuously agitated dur- 
ing tlie course of this titration. The pink color is discharged by adding standard 
silver nitrate in slight excess and the pink end point is restored by titrating again 
with the standard thiocyanate solution. Continuous agitation during titration 
is extremely importajit. 

Calculation.— Calculate the mercaptan content of the sample from the stoidiiom- 
etry of the following equations: 

RSH + Ag+ RSAg + H+ 

Ag+ + CNS- AgCNS 
AgNOa o RSH o NH.CNS 

Dlscussion.—This procedure is not subject to interference from sulfides, disul- 
fides, or free sulfur. However, solutions of mcrcoptans prepared in die recom- 
mended solvents arc oxidized to disulfides on exposure to light. This effect is 
greater for aromatic titan for altplmtic mcrcaptans and occurs in benzene solutions 
more readily than in octane, naptha, or heptane. It is recommended that sample 
solutions be used as soon after preparation as possible to reduce to a niluimum 
the error resulting from tins cause. 

POTENTIOMETRIC TITRATION WITH SILVER NITRATE^^ 

Tile potemiomeiric detcriniiialioii of mercaptans was first described in a publi- 
cation by Tamele and Hyland and is based on the titration of an eihanolic solution 
of the mercaptans with a standard isopropyl alcohol solution of silver nitrate. For 
detecting tlie end point of this titration, a cell consisting of: 



0.1 N 

0.1 N 

As 

sodium acetate 

sodium acetate 


in alcohol 

in alcohol 


whicli has an e.m.f. of -0.070 volt, was employed. The electrolyte bridge is also 
filled with O.I N sodium acetate. Addition of tJie alcoholic mercaptan solution 
to tlie silver cell increases the e.m.f. to about —0.38 volt which slowly decreases as 
the end point is neared. At the end point, a steep inflection to an e.m.f. of 
volt is observed, with the actual end point occurring at about —0.10 volt. With 
careful work, the precision of the poteiuiometric end point is ±1.0% whicli is 
near the limit of ±0.8% to be expected from an end point whicli can be detected 

“ Afethod oC Tamele and Hyland, Ind. and Eng. Chein., Anal. Ed , 8, 16, 1936. as de- 
scubed by dal \ogaie, S, in Organic Analysis, Inlerscience Publishers, Inc., New lOi , 
pp. 335-337, 1953. Reprinted wiih permission of the copyright onner. 
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o-raphically to ±0.02 ml. This precision is based on the use of 0.01 N silver nitrate 
andean ap^proximately 0.0025 M mercaptan solution. The high absolute accuracy 
of tl!e potentiometric method was demonstrated by the titration of high-purity 
samples witli excellent recovery even with a number of serial dilutions. An esti- 
mate of the solubility of the common mercaptides can be obtained fiom the fact 
that the end point at or near -0.10 volt is slightly less than that obtained on 
precipitating silver iodide. For analytical purposes the slight variation in solubility 
amono- individual mercaptans is of no consequence although, by suitable modifica- 
tion, diis technique may be used to calculate solubility products. Because of the 
insolubility of silver mercaptides, this method of analysis is not subject to inter- 
ference from compounds which react with silver nitrate as long as the reaction prod- 
ucts have an appreciably greater solubility than the mercaptides. No difficulty 
is encountered with highly colored samples and little if any difficulty is encountered 
with unsaturated compounds. The use of alcoholic solutions eliminates the prob- 
lem of silver ion adsorption. The use of sodium acetate buffer prevents loss of 
mercaptan by volatilization and neutralizes the hydrogen ion formed during the 
titration. Hydrogen sulfide is an interference in this method. 


ORGANIC DISULFIDES 


GENERAL METHOD BY REDUCTION AND TITRATION 
OF THE MERCAPTAN FORMED “ 


Regents. Sodium Borohydride.— Two grams dissolved in 100 ml. of diethylene 
glycol dimethyl ether (Ansul Chemical Company, Marinette, Wis.). 

Anhydrous Aluminum Chloride. 

Sodium Hydroxide, 1 N. 

Sodium Hydroxide, 6 N, 

Nitric Acid, 3 M. 

Concentrated Ammonium Hydroxide. 

Silver Nitrate.— Standard 0.1 N. 

Procedure.-A sample containing approximately 0.001 mole of disulfide is accu- 
rately weighed and placed in a 150-ml. round-bottomed Hask containing 15 ml. of 
sodium borohydride solution and approximately 0.5 g. of aluminum chloride. 
Caution. AICI3 occasionally reacts violently in contact with reagent. It is best to 
dissolve the AICI3 in 5 ml. of diethylene glycol dimethyl etlier before mixing. The 
flask is immediately attached to a coil condenser 40 cm. long, and the reduaion is 
allowed to proceed at room temperature for 0.5 hour. The order of addition of 
reagents and sample to the flask is unimportant except in the case of methyl disul- 
fide. When the sodium borohydride solution and the aluminum chloride are 
mixed, a rapid reaction takes place, and methyl disulfide is lost if it is added to the 
solution before tlie aluminum chloride. In the determination of methyl disulfide 
the sodium borohydride solution and the aluminum chloride are mi.xed fsee 

Caution above) and allowed to stand in an ice bath for a few minutes while the 
sample is being weighed. 

After reduction is complete, the flask is submerged in an ice bath, and 5 ml. of 


5;’ Chem.. 29, 154-155 1957 

ownei^s^ American Chemical Society and reprinted ivith permissioA oE the 
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1 N sodium hydroxide are added tlirough the condenser. The sodium hjdroxii 
is added a few drops at a time until the initial vigorous reaction subsides, and thea 
die remainder is added, and the condenser is rinsed with a few milliliters of dis 
tilled water. The solution is allowed to stand for 2 or 3 minutes and 10 ml rf 
3 J\f nitric acid are added. The ice bailr is removed, and 10 ml. of 6 N sodium 
hydroxide are added after about 2 minutes. In determining methyl disulfide it is 
better to allow the solution to stand 5 minutes in the ice bath after adding the nitne 
acid and to add the sodium hydroxide before removing the ice bath. 

The condenser is rinsed with a few milliliters of distilled water, and the flask u 
remoted. The contents of the flask are rinsed into a 400-ml. be.nker, and 10 ml 
of concentrated ammonium hydroxide arc added. Using a pH meter equipped 
witli silver and calomel electrodes, the solution is titrated potentiometrically wiih 
standard 0.1 N silver nitrate solution. The break occurs between approximateij 
—325 and —175 mv., although it varies sometvhai for the different mercaptanslie' 
ing titrated. Per cent disulfide is calculated in the following manner; 


% Disulfide = 


ml. X A^of AgNOs X mol. wt. X 100 
wt. of sample X 2000 


SULFONAMIDES 

GENERAL METHOD BY TITRATING AS ACIDS®® 

Reagenri. Butylamine.— Commercially available material is used witliout purifi 
cation. 

Dimethylformamide.— Commercially available material is used without purifi* 
cation. 

^•Nitrobenzeneazoresorcinol (azo violeO*~-^^turated solution in benzene. 

Thymol Blue.—O.S g. dissolved in 100 ml. of methanol. 

Sodium Methoxide, 0.1 N.— About 6 g. of sodium is washed with methanol 
(absolute) and immediately dissolved in 100 ml. of methanol; the solution is pro- 
tected from carbon dioxide during preparation and is cooled in cold water if tJie 
reaction becomes too vigorous. After Uie sodium has dissolved, an additional 150 
ml. of methanol and 1500 ml. of benieite ate added. The reagent is stored in 
borosilicate glass and protected from carbon dioxide: tlie solution is reasonably 
stable but should be restaudardized every few days by titrating weighed amounts 
of pure benzoic acid dissolved in dimethylformamide to the thymol blue end point- 
About 25 ml. of solvent is used for cadi 100 mg. of benzoic acid taken. 

Procedure.— A. sample of the sulfonamide of suitable size is weighed into a 30-ml/ 
beaker and dissolved in 10 to 20 ml. of dimethylformamide or butylamine and the 
indicator is added. The solvent should be neutralized to the indicator end point 
prior to used. 

The beaker is covered witli a cardboard, or other suitable cover, provided with 
an opening for the buret tip and the solution is titrated to tlie first appearance of 
a clear blue color. The solution is stirred continuously during the titration by 
means of a magnetic stirrer. 

53 Method of Fritz, J, S., and Keen, R. T., Anal. Chem.. 24, 308, 1952. as desOTbed by 
dal Nogare, S., in Organic Analysis, Vol. I, Intetscience Publishers, Inc.. New r o»x, pp- 
386-387. 1953 (edited by Mitchell, J., Jr., ct al.). Reprinted with permission of the copy 
light owners. 
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Calculation of the sulfonamide content of the sample is made in Ae ^me way 
as for ordinary acid-base analyses. For compounds containing one-SOoNH-group 
die equivalent weight is taken as the molecular weight. ^ . j • 

Discussion.-The azo violet indicator is used when the titrations are earned out m 
butylamine, and die diymol blue indicator is employed when dimethylformamide 
is used as die solvent. Consideration of the structure of die compound to be 
analyzed and its acidity determine whether butylamine or dimethylformamide is to 
be used as die solvent. Sulfonamides which contain an A''-alkyl group have a low 
acidity and give poor end points even in butylamine. Some improvement in the 
end point will probably be effected by the use of 95 to 100% ethylenediamine. If 
no substituent is present or if a naphthyl group is attaclied to the nitrogen, butyl- 
amine is very satisfactory. If the compound contains an iV-phenyl or jV-pyridyl 
group, dimethylformamide is used as the solvent. Phenolic groups cause no inter- 
ference in dimethylformamide but have a sufficiently high relative acidity in 
butylamine to alter the azo violet end point. 

By appropriate changes in solvents to take advantage of a large difference in 
acidity, it is possible to determine die components of certain simple mixtures of 
sulfonamides. Thus, a mixture of sulfanilamide and sulfathiazole can be analyzed 
by titrating die sulfathiazole in dimethylformamide and thymol blue followed by a 
second titration of another sample, using butylamine and azo violet for die total 
sulfonamide content. 


OXIRANE OXYGEN COMPOUNDS 

GENERAL METHOD USING HYDROCHLORINATION 

In a Pyridine The hydrochlorination reagent, a 0.2 N solution of hy- 

drochloric acid in pyridine, is prepared by cautiously pipetting 17 ml. of c. p. con- 
centrated hydrochloric acid into 1 liter of c. p. pyridine and mixing dioroughly. 
Twenty-five milliliters of the pyridine hydrochlorination reagent is pipetted into 
a 250-ml. flask, equipped with a standard taper joint. A weighed amount of sample, 
containing from 0.002 to 0.003 equivalent of a-epoxide, is added and dissolved by 
heating the mixture at about 40° C. After dissolution is complete, the mixture is 
refluxed, under a condenser, on a hot plate for 20 minutes. The flask and con- 
tents are cooled, 6 ml. of distilled water are added, together with 0.2 ml. of 
phenolphthalein indicator solution, and the titration made widi standard 0.1 N 
methanolic sodium hydroxide solution to a definite pink color. 

In an Aqueous Magnesium Chloride Sysfem.s^-The hydrochlorination reao^ent is 
a saturated magnesium chloride solution, which is 0.1 N in hydrochloric acid° It is 
prepared by shaking 1000 g. of c. p. magnesium chloride hexahydrate widi 300 ml. 
of distilled water and adding 8.0 ml. of concentrated hydrochloric acid. The 
mixture is shaken at room temperature until saturated and allowed to settle for at 
least 2 hours. At the end of this time, the supernatant liquid is decanted through 
glass wool and stored in a glass-stoppered bottle. Fifty milliliters of the aqueous 
hydrochlonnation reagent is pipetted into a 250-ml. glass-stoppered flask. Because 
of the viscosity of the reagent, a consistent drainage period should be maintained 
A weighed amount of sample containing from 0.001 to 0,002 equivalent of a-epoxide 

Jungnickel, J. L., Peters, E. D., Polgar, A., and Weiss, F. T., Organic Analvsic Vr.i r 
Interscience Publishers, Inc., New York dd l!?4-n7 loss? n Analysis^ Vol. I, 

of the copyright owners. ’ 1^53. Reprinted with permission 
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is added, and the flask is shaken and allowed to stand 15 to 30 minutes. The 
stopper and neck of the flask are rinsed with not more than 20 ml. of distilled water. 
Several drops of a 0.1% methyl orange indicator solution are added and the mixture 
is titrated with standard O.l N aqueous sodium hydroxide solution. 

In Diethyl £t/ier.— The hydrodilorjnatioii reagent is prepared by passing anhy- 
drous hydrogen diloride into absolute ethyl ether until an approximately 0.2 iV solu- 
tion is obtained. A sample containing not more than 0.002 equivalent of o-epoxide 
is weighed into a glass-stoppered flask. The sides of the flask are washed down with 
5 ml. of absolute ethyl ether, and 25 ml. of the hydrochlorination reagent is 
pipetted into the flask, which is stoppered, mixed, and allowed to stand for 3 
hours at room temperature. A few drops of phetjolpluhalein indicator solution and 
50 ml. of 95% ethanol are added and the contents of tiie flask titrated with standard 
0.1 N aqueous sodium hydroxide solution. 

ISOCYANATES AND ISOTHIOCYANATES 

GENERAL METHOD USING REACTION WITH BUTYL AMINE®® 

Reogenis. Butylamine Solution.— Dilute 25 g. of mono-n-buiylamine to I Utei 
with dioxane, whicit has been dried over potassium hydroxide pellets. 

Sulfuric Acid.— Standard O.t N. 

Proc€dure,~'A sample containing approximately 0.002 mole of isocyanate or iso- 
thiocyanate is weiglied iti a small glass-stoppered weighing bottle. Very volatile 
samples are weighed in sealed glass ampoules. The stopper from the weighing bot- 
tle is removed, and tiic weighing bottle containing the sample is placed In a 250- 
ml. Erlenmeyer flask. To the flask are added 20 ml. of the butylamine solution, 
and the flask is swirled to mix the reactants. Alkyl isocyanates and alkyl isottiio- 
cyanates are allowed to stand 13 minutes at room temperature for complete reac- 
tion. Aromatic compounds react more rapidly with the butylamine, and the reac- 
tion mixture can be titrated immediately after mixing the reactants. Then 25 ml. 
of distilled water are added, and the solution is titrated to the metliyl red end 
point with 0.1 N sulfuric acid. A blank is run on 20 ml. of the butylamine solu- 
dan. From cite difference between the two titrutioiis, the amount ol isocyanate or 
isotliiocyanate in the sample can be calculated. 

sssiggia, S., and Hanna, J. G., Anal. C.hciu., 20, 1084. 1948. Cop> right 1948 by the 
American Chemical Society and tepiiiued vvith permission of the copyright owner. 
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SOLUBILITY MEASUREMENTS 

By William F. Linke 

American Cyananiid Co. 

Stamford, Conn. 


Solubility determinations have become a routine procedure in the characterization 
and identification of new materials. Even such simple generalizations as “like 
dissolves like” are still useful in predicting solubilities in a qualitative way, but 
for most purposes a direct and accurate measurement of tire solubility is re- 
quired. This chapter is limited to solubility determinations made near atmospheric 
pressure and -within lOO^C. of room temperature. Measurements at extremes of tem- 
perature or pressure require elaborate apparatus and skill and are not included. 
References to odier methods, to more complex systems, and to compilations of solu- 
bility data are given at the end of the chapter. 

In die usual solubility determination, the experimental problems, in order of 
occurrence, are; 

(1) Maintaining constant temperature 

(2) Being sure that equilibrium (saturation) has been attained 

(3) Sampling 

(4) Identifying and/or analyzing the phases 

Problems (1) and (3) are essentially mechanical; (2) and (4) often require some • 
chemical ingenuity. A number of specialized techniques which can reduce the 
chance of error in these operations are described in the following sections. 

EXPRESSION OF RESULTS-UNITS AND METHODS 

The simplest, and often the most accurate, method of expressing solubilities is 
in the units of the analytical method employed. Gravimetric analysis, such as in 
the evaporation of a solution to dryness, or in the weighing of a precipitate, leads 
directly to a weight-percentage expression; volumetric analysis yields the number 
of equivalents; etc. There can be little ambiguity when the data are left in the 
form in which they were obtained. 

Care should be taken to define all terms precisely. For example, reportino- 
solubilities as “moles per liter” immediately raises the questions; “per liter of soL 
vent or of saturated solutions?”, “moles of what formula weight?”. When the data 
are expressed in theoretical form, as equations or as solubility parameters for ex- 
ample, it is highly desirable to state them also on a simple weight or molar basis 
Even the conversion from a mole to a rveight basis can be tedious, especially in 
systems of several components, and duplicate tabulations are often iustified' The 
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TEMPERATURE CONTROL 

Liquid Thertnostats.— Good temperatuie control is essential for all but the 
crudest measurements. The temperature must be held constant tliroughout the 
saturation, settling, and sampling steps, and care 
must be taken to avoid temperature changes caused 
by evaporation, introduction of pipets, or by chemi- 
cal reactions (e.g., phase changes) within the system. 

For work between 0° and I00°C. a thermostated 
water bath is usually most convenient, and can easily 
maintain temperature to ±0.I°C., and with care to 
±0.01 °C. Above about BO^C. there is considerable 
steaming, however, and a thin layer of mineral oil is 
usually placed on the surface. Below 0° and above 
100°C., water-glycol mixtures are useful. For higher 
temperatures, mineral oil or silicone oil baths can be 
used. 

The thermostat is easily made from a large jar or 
tank (preferably insulated), fitted with a stirrer, ther- 
mometer, heater (and/or cooler), and a temperature 
regulator. The choice of instrument parts depends 
on dte required precision, which in turn depends on 
die system being studied. For example, at 20‘’C., the solubility of KNOg in water 
is 24.0% by weight, and changes by about 0.7%, by weight per degree. In this 
system then, a precision of 0.1% in a solubility determination requires tempera- 
ture control within ±0.03°. 



Fh;. 20-1. Arrangement of 
Component Parts in a 
Thermostated Bath. Stir- 
rer S is placed near heater 
H to diffuse the heat rap- 
idly. Thermoregulator R 
and thermometer T are 
placed near samples 1, 2, 
3, 4. 




±0.001 X 24.0 

0.7 


= ±0.03“ 


Several points in obtaining good con- 
trol should be noted: 

1. The stirrer should provide turbulent 
mixing to produce the same temperature 
in all parts of the bath. It should be 
located near the heater in order to diffuse 
the heat rapidly and prevent local “hot 
spots.” 

2. The heater wattage is determined 

by the temperature to be maintained, 

and on the size and insulation of the 
bath. The heater size is a prime factor 
ui temperature “cycling” above and 

elements that are alternately switched on and off taltTSie^to^heat^u?^ beating 
down. The besl control is obtained when small heaters are witched ^ d“S,' 

and appropriately siaed -constanf heaters are used to mJnmi, S Tth c ’ 

degrees below the desired temperature. Large heaters are also undesirable 


Fig. 20-2. a. Knife-Blade Heater. b. 
Flexible-Tube Heater to Spread Heat 
Over Bottom of Bath. 
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cause of the excessixe loading they impose uj>on tlicrmoregulator coinponeim 

Some difficulty is usually experiented in maintaining a bath near room tem- 
perature wJiere the rate of cooling is sloiv and the leinpcrature remains “higli' 
for a large part of the c)cle. The bath must then be cooled by a continuous drip 
of cold water (wiUt overflow), or by a fan blowing across the suiface. 

As a rough guide, an tininsulnicd 5-galion batli can be held near -lO'C. by a 
lOO-vv’att heater, and near 80'C. by jOO watts. Knife-blade heaters are coinenieiu 
but, in permanent arrangements, heating elements in flexible metal tubin^ 
shaped to lit tne bath, are desirable. 

3. ThermoreguJaturs and relays of all degices of complexity arc available. Bi- 
metallic strips are not sulficicntly sensitive, atid the regulator is usually a vessel 
in which the expansion of a liquid (mcicury) doses a contact and turns off die 
heater through a relay The 2>rccision obtainable is dependent on the volume of 
mercury used and on the diameter of die capillary througli which it rises to close 
the contact, in order to increase the sensitivity, an organic liquid, sucli as toluene 
(seven times the cubical cocffuieiit of expansion of mercury) is sometimes used to 



b c 

Fir.. 20-3. Types of Thcrmoiegulaiors In each, mercury rises in the capillary to clo^ 
the arcuit The upper contact is adjustable m b. c, and d. In a, mercury m rcserion ti 
IS added or removed to set the lempciature. Type b has the fixed coiiuct sealed tinoiigii 
glass at IF, and side arm li is filled with mercury for convenience. Types a and c are 
sealed systems containing an inert gas. e is adjusted by means of an external magnet 
III d, space T vs fdietl with toluene to increase the sensitivity. 
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move the capillary mercury. The mercury column may also be driven by the 
changing vapor pressure of a volatile liquid. Mercury regulators can give exceed- 
ingly'’ precise switching action, but are subject to oxidation and sticking at the 
contacts. This is especially true when organic liquids are used in conjunction, or 
if arcing occurs as the contact is broken (use of too high a voltage). Unless sealed 
under inert gas, the contacts may require periodic cleaning. Many narrow-capil- 
lary regulators are prone to the mercury “hanging up” above the contacts or on 
the o'lass walls, and a small, continuous vibration is helpful in obtaining positive 
action. 

It is highly desirable to be able to adjust the position of the upper contact by 
a screw action (Fig. 20-3h, c, d). This permits rapid adjustment of the apparatus 
to the desired temperature null point. Regulators in which only the volume of mer- 
cury can be changed (as in a Beckmann thermometer) are very tedious to adjust 
to a predetermined temperature. 

In order to prevent corrosion at the point of contact, only very small currents 
should be passed through a mercury thermoregulator. The heater current is usu- 
ally switched on and off by a vacuum tube or transistor activated relay circuit. 
Many circuits include a condenser to add a time-lag to the on-off switching, and 
thus prevent chattering of the relay contacts. In more elaborate circuits, diyra- 
tron tubes can be used to supply power to the heaters in proportion to the demand 
of the system. 

Thermoregulators in which a thermistor replaces the mercury expansion switch 
are also available. The thermistor (placed in bath) is made one arm of a Wheat- 
stone bridge, and its change in resistance with temperature is used to drive a 
diyratron relay circuit. The temperature of regulation is selected by adjusting 
variable resistors in another arm of the bridge. Such a unit can be used under 
widely varying bath conditions and eliminates mechanical regulation problems. 

A very convenient alternative to the conventional regulator-relay-heater arrange- 
ment is die use of a relay which operates on changes in capacitance. An external 
capacitance lead wire is simply clipped to the (ordinary) bath thermometer near 
the temperature desired. When the bath reaches the proper temperature, the 
relay circuit capacitance is balanced to provide on-off regulation at this point. 
The changing level of mercury (liquid) in the tliermometer stem changes the ca- 
pacitance of the circuit and induces the relay on-off action. With reasonable care 
in shielding the leads, the precision obtained is governed simply by the precision 
of the thermometer used. 

Air and Vapor Thermostats.— These thermostats are generally less satisfactory 
than liquid baths and are most useful at high temperatures. Air baths can be 
classified either as the “furnace” or the “convection" type. 

Convection baths are analogous to liquid thermostats in that a heater, a circu- 
lating fan. and a thermoregulator are used. Any operational problems stem from 
the low heat capacity of the air and the need for insulation and good internal 
circulation. Temperature control is usually in the range ±0. 1-0.5° up to 400°C 
and bimetallic regulators are used. 

“Furnace” type thermostats are usually smaller, electrically wound chambers in 
which no regulator or circulating fan is used. Radiation from the walls provides 
temperature uniformity within the cavity and a simple balance of electrical input 
with normal heat losses maintains the constant temperature. " 
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Fig 20-4. Simplined Relay Conirol Circuits, 
relav^c^irrnff 'wh/ mercury regulator. Curicnt is normally flowing through the tube* 
the relav oirr#Tir ^ r<^^lator closes the circuit at R, the grid becomes negative and 
I ThLmmor T off the heater supply H. ^ 

placed in ihp changes resistance markedly with changing temperature, is 

poiS (tempera, ure^U^ » ^Vheatstone bridgl. The "balance” 

unbalanced aiiH iht * When the temperature changes, the bridge becomes 

phase change (corrcspondinB*to"h- If ““PhliKition, Ihe dirccUon ot 

has A. c on its tilatH- ?n 1“ higher or lower temperature) is detected by a tube which 

e. Thts capaciEc >■“ P™P“ “S"- . 

lected at a and b and consists of a weak oscillator whose null point is se- 

ducting. Mercurv ridntr S^id of a relay tube, thus preventing it from con- 

stoppmg the osdilafinn® -r-t thermometer T increases the capacitance in the "antenna, 
through the relay whidi shuts oir'thc”hrafc/'**’' “ “"'i"® 
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Thermostats in whidi the sample is bathed in the vapor of a boiling liquid can 
provide excellent temperature control, but are usually limited in size. In a simple 



Fig. 20-5. Air-Bath Thermostat. Heaters H are controlled by bimetallic Regulator R. 

arrangement, the sample is held in a “finger” which extends into the refluxing 
liquid. 

Some insulation is required to minimize tire effect of air drafts. If the total 
volume of liquid is fairly large, mixed liquids can be used as tvell as pure ones. 



Fig. 20-6. Furnace-Type Thermostat. 
The inner cylinder or block is wound 
with resistance wire and is surrounded 
by layers of insulation and metal radi- 
ation shields. 



Fig. 20-7. Vapor-Bath Thermostat 
Made from a Three-Necked Flask. 


and the temperature can be selected by adjusting the composition. The aoDarams 
won, well above about 70-C.. and alcohols, toluene, water, acetic acid,'^L “r 
their mixtures can be used. Temperature control is about ±0.1 to 0.2° 






512 


SOLUBILITY MEASUREMENTS 


Much more precise control can be achieved if the apparatus is carefully jacketed 
and the outlet of the reflux condenser is connected to a manostat. A range oi 
temperatures is then obtainable from a single (pure) refluxing liquid by a simple 
adjustment of the pressure. 

LoW‘Tejnperotxtre T/jernioshils.— The most versatile arrangement for low-tem- 
perature tliermostating is the use of a meciiantcal refrigerator with a conventional 
liquid bath. Some ellort must be made to insulate .ind cover the bath in order 
to prevent excessive condenstition. Portable refrigcr.itors arc available witli an 
expansion coil that can he placed directly into the thermostat. The thermoregu- 
lator is then used to turn the refrigerator on and oif as needed. 



Fic 20>8. Cooling a Thermostat by Citculaiiiig Liquid Througli a Coil. Tiicimuiegu- 
lator T controls pump I*, drawing liquid /roin refrigerator U, as needed. 

Another nrrungemoni that yields soinewliai better control consists of refiiger 
ating a large volume ol liquid at a very low, but not necessarily known, lempcra- 
ture. This liquid is then useil to cool the ihcimostai, )>)' circulating it through n 
copper coil in the thermostat bath. The thcnnoregulator contiols only a small 
circulating pump, and the on-olf load on die refrigerator is considerably lessened. 

For shoit'term experimentation, excellent lovv-icmpcraiure control can be ob- 
tained in batlis of melting ice (0*) or mixtures of dry ice and acetone (-80*). 

0°— Mclcmg uc Lsc a Deuar ilask It is iiiipojtant tliat tlic baili be full of crushed 
(and puic) iic plus wntci. not just icc alone. Regular additions of ice aic needed, 
and a stirici reaching lo ilic bouom ol the liask siiould be used to keep walef 
beucaih dvc Uoaimg itc at O* ConiTtvl ol ±0.01* is icialivciy simpie. 

— 80“’— Di) ICC aiul acetone A Dewar lij'-k is essential, rcinpcratiirc control is veiy 

good and only drv icc iiiiisi be added from lime to nine. No slirrer is needed. 

Ill theory, a large number of dilfcreiu low temperatures should be attainable 
through the use of various ice-salt-water eutectics. In practice, most of these eutec- 
tics do not provide satisfactory temperature control. In some cases tlic saturated 
solutions arc very viscous and do not come to equilibrium sufficiently rapidly, hi 
others, metastable solid pitascs are formed, or hydrates do not undergo transitions 
rapidly, and the temperature is not constant. Except possibly for simple systems, 
suclv as those below, the use ol salt eutectics is not recommended. 

— 21 1®— Ice-p NaCI q- water. LSe a Dcuji flask and start with only icc and sail. Stir- 

ring IS essential lo keep the solution satur.ited with salt as the ice melts. Botli 
ice and salt must be added perioriicaily. Scr.ilch the containei to ensuie forma- 
tion of the stable dihydratc NaCI-2H..O. 

“ 17.7°— Ice -p NaNOa -f- water (no hydiates) 

— 15 4°— Ice -j- NH 4 CI 4 - VV. 1 IC 1 (no hydrates) 
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A fairly large number of common organic compounds freeze between 0° and 
_50°C and are potentially useful as constant-temperature baths. The usual 
method is to stir in fine chips of dry ice until about half the mass has frozen and 
a constant temperature is attained. However, many of these compounds have low 
heats of fusion, and the baths require considerable attention during use. A half- 
frozen mass of’etliylene glycol for example, will hold about -17°, but condensa- 
tion of water vapor from the air tends to make this temperature vary. Some com 
pounds (e.g., CCD have allotropic forms near tlie melting point and yield only 
approximate control. On the whole, melting organic solvents are not suitable as 
high-capacity cryostats. 


SAMPLING 

Samples of a saturated solution taken for analysis should be filtered as a routine 
procedure. This is especially important when the solid settles very slowly, or 





Fig. 20-9. Filter Tips Attached to Pipets. a. Sintered glass filter attached with rubber 
tubing, b. Rubber tubing with glass wool or cotton, c. Filter paper folded about tip and 

held with rubber band. 


when it is finely divided or transparent. Aside from accidental introduction of 
solid, precautions must also be taken to prevent cooling (precipitation of solid) 
or evaporation of the solvent. 

Sampling with a pipet and suction is often quite satisfactory and can be used 
as a simultaneous determination of the density. Simple, removable filter “tips” 
may be made from sintered glass, glass 
wool, or filter paper held by rubber 
bands. If the solubility is being deter- 
mined above room temperature, the sam- 
pling pipet should be heated to prevent 
crystallization before the transfer is com- 
pleted. Simply preheating the pipet in an oven may be satisfactory, but insulating 
the bulb or wrapping with electrical heating tape is more efficient. 

The sample is usually delivered into weighed hasks, some care again being taken 
to prevent evaporation of the solvent. If very small samples must be taken, or if 
cooling and crystallization cannot be avoided, it is convenient to use preweiexhed 



Fig. 20-10. Specific Gravity or “Weight” 
Pipet. 
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“weight pipets" from which the sample cannot spill; the whole pipet can be 
weighed at leisure. The sample is later washed out with the aid of heat and cx 
cess solvent. These pipets are often small enough to be completely immersed in 
the solution during sampling, thus eliminating temperature variations. 

Under certain conditiotis, it is preferable to use pressure ratlicr than suction to 
take samples, and special apparatus can be devised to work entirely within the 
tliermostatcd bath. If an inert atmosphere is being used, if die solvent is \olatile. 
or if sampling will take a long time (if filtration is slow, for example), the ar- 
rangement shown in Fig. 20*1 la may be desirable. 


s 


m 





M (b) 

Fic. 20-11. Apparatus for Sampling at Constant Tciopcraturc or Under Inert Atmos- 
phere. 5. solubility lube: F, filler tip: D, sample bottle. 


After Ute solubility tube has been tumbled to attain equilibrium, the mouth U 
brought above die level of the bath and the stopper removed. The ‘'fitted" stop- 
per is then quickly substituted and die s.impling done by forcing solution oier 
into the sample bottle. Tlic whole assembly can be lowered back into the bath to 
maintain constant temperature during die transfer. 

If the stopper substitution step will lead to errors, die same type apparatus can 
be divided as in Fig. 20-IIb. The solubility tube is already fitted with pressure 
inlet and filter tube. The connection AA' is made above the bath level and then 
resubmerged. Obviously, many odicr variaiions and adaptations of these tedi- 
iiiques are possible. 


ANALYTICAL METHODS 

All of the common physical and diemical analytical tedmiques have been used 
to determine solubilities. The simplest method is to evaporate die solvent and de- 
termine the weight of die residue. This can be done very accurately if the solu- 
tion is concentrated and the solute is stable during drying. The density oE the sat- 
urated solution should be determined as a matter of loutine. 

With very insoluble materials, a physical method of analysis is often die best 
choice. A large amount of work has been based on c.m.f. and conductivity meas- 
urements. Radiotracers and polarography arc also valuable, but a number of solu- 
bilities reported by these mediods have proven unreliable. With slightly soluble 
materials, great care must be taken to exclude impurities from both the solvent 
and the solute, or the measured "solubility’* may be grossly in error. Greater care 
must also be taken during sampling in order to eliminate traces of suspended 
solute. 
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When a moderately soluble solute is being studied, it is sometimes possible to 
observe tlie approach to equilibrium without sampling and analyzing the liquid. 
A o-raduated float, for example, can be used to (continuously) measure the density 
as °he dissolution proceeds. Electrical methods have been used similarly. 

FACTORS INFLUENCING THE RATE OF ATTAINMENT 

OF EQUILIBRIUM 

The time required to reach equilibrium can vary widely from system to system, 
but certain generalizations can be made. The rate of dissolution of a solute in a 
given solvent depends primarily on the temperature, the surface area of the solute. 




(A) (B) 

Fig. 20-12. Solubility Tubes Attached to Rotating Wheels. 

and the degree of agitation. There is no simple relationship between the solubil- 
ity of a substance and tire rate at which equilibrium is approached. Soluble salts 
are often said to dissolve more rapidly than insoluble ones, but this is a rather 
subjective observation, and there are many exceptions. For example, the insoluble 
silver halides equilibrate with water at least as rapidly as does silver nitrate. 

The rate of dissolution is usually determined by the rate of removal of satu- 
rated liquid from the surface of tire dissolving solute. Thus, the factors which 
increase the rate of removal-good agitation, high temperature, and low viscosity- 
are the ones most important in producing rapid equilibration. 

Agitnfion.-Some sort of agitation must be provided in all solubility determina- 
tions. If a number of experiments must be done at the same time, an “external" 
shaker or tumbler is most economical. The sealed tubes or flasks can be clamped 
in position and one motor used to turn them all. Submerged, rotating wheels (with 
clamps) are used to give long-term continuous operation. When the saturation 
mbes are to be tumbled in tliis way, it is good practice to place a glass marble 
inside, m order to break up and mix the components. Sometimes steel balls or 
mercury are used if the solution is very dense or viscous. 

All sorts of shakers and rockers have also been devised. One satisfactory ar- 
rangement based on a commercial shaker is shown in Fig. 20-13a. In this arrange- 
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niejit, it is important to keep the samples as far below the thermostat bath leul 
as possible. 

When only a few determinations arc needed, internal stirring with a propeller 
may be most satisfactory. With direcwlrive stirrers, some sort of seal is needed to 
prevent losses by evaporation. Sometimes a flat bottom flask can be used and a 
magnetic stirring bar put inside. This eliminates troublesome rotating seals, but 
the magnetic held unit is then somewhat difficult to place. One satisfactory ar 
rangenient (provided the bath is not made of steel) is slionn in Fig. 20-13b. 

remperature.— Although .( given soIutc-soKent pair can be expected to etjuili- 
brate more rapidly at higher temperatures, heating cannot always be recommended. 
Theie is considerable danger that the hc.iting may be carried too far and that a 
supeisaturateil solution may be formed. Even when excess solid is present, some 




Fig 20'I3 a Agitating Flasks with a Shaker, b. Initmal Stirring with Magnetic Bars. 

Rotating Fields Are Flaaxl beneath die Bath. 

supersaturated solutions come to etjuilibrium very slowly. Further, heating may 
cause an undesired (and unnoticed) solid phase cliangc (e.g., dehydration), tdiich 
may or may not be reversible. 

On the other hand, heating to form purposely a supersaturated solution is an 
invaluable way of approaching equilibrium from "two directions.” If the solu- 
bilities from "under'’ and supers.'ituraiions agree, equilibrium is assured. 

Particle S/re.—For practical puqmses, the solubility may be considered independ- 
ent of the particle side of the solute. Very fine particles, and freshly precipitated 
m.Tterials, have been found to have higher solubilities than coarser samples, 
but most iincly divided solids age and gniw rapidly and reach a stable equilibrium. 
Only with obviously “colloidal’' solids need this effect be considered. 

Fine crystals, of course, will reach equilibrium more rapidly tlian large ones, 
which is desirable. On the other hand, very fine crystals may settle slowly ami be 
hard to filter during sampling. A few accidental solid particles can produce large 
errors in the analysis of dilute solutions. 

Viscosity E^ects—Polymers.—The gr^^^ majority of systems will reach equilibrium 
in from a few hours to a day of stirring. In very viscous solutions, however, miv 
ing and diffusion can be so slow that weeks or months are required to attain equi- 
librium. Solutions in glycerin, glycols, or those containing organic high polymers 
fall in this category. Inorganic species such as silicates, phosphates, borates, ami 
iodates also form viscous solutions because of their polymeric nature. Concen- 
trated solutions of "simple" salts may become very viscous at temperatures below 
0 . Supercooling of such solutions is die rule, and equilibrium should be ap' 
preached from undersaturation whenever possible. 
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other Rate-Determining Factors.-ln certain systems the approach to equilibrium 
is slow and the “amount dissolved after a given length of time" may have more 
practical significance than the true “solubility.” Examples might be substances 
Ivhich decompose or hydrolyze slowly, or which react with oxygen or carbon di- 
oxide. It should be remembered that solids that have been sintered (e.g., CabU^) 
may require a very long time to become rehydrated. In general, changes involving 
solid phases (solvation, solid solution formation) are much slower than those in 
the liquid. Compounds that are surface active, whose surface concentration dif- 
fers from diat in bulk, and compounds that associate in solution also equilibrate 
relatively slowly. 


ESTABLISHMENT OF EQUILIBRIUM 


Constancy of Composition.— The simplest and the most widely used criterion of 
equilibrium is constancy of solution composition. The solute (solid) is stirred or 
shaken with the solvent continuously, and samples are removed after varying 
periods of time. When successive analyses show no further change in composition, 
equilibrium between the phases has been attained. Constant composition with 
time does not, however, guarantee that (1) the starting material was pure, (2) slow 
changes are not occurring, or (3) the equilibrium is “stable” with respect to some 
other possible phase in the system. 

Approach from “Two Directions.”— A considerably more rigorous test of equi- 
librium is to approach the same set of conditions from two different directions. 
If the solubility found from supersaturation is the same as that from undersatura- 
tion, equilibrium has been proven. The supersaturated solution is obtained by 
heating until excess solid has dissolved. The solution is then allowed to cool 


(with crystals present) in the thermostat. As a rule, the approach from super- 
saturation is slower than from undersaturation, even when enough crystallization 
nuclei are at hand. The difference between the equilibrium concentrations from 
under- and supersaturation is a fair measure of the reliability of the experiments, 
and the average value is usually taken as the solubility. 

When the system has three components (two solids plus solvent, or one solid 
with a mixed solvent), results can be obtained from two composition “directions.” 
For example, the solvent can be saturated with solid A first, and tlien B added, 
or vice versa. This technique is especially useful when the solid phase is itself 
undergoing a change, such as solid solution formation. 


Purity of the Saturating Solid.— U it is necessary to prove that the solute is 
“pure” and to know the true solubility, other techniques must be employed. One 
useful procedure is to determine the equilibrium “solubility” in two mixtures 
which contain widely different ratios of solute to solvent. If a soluble impurity is 
present, its concentration in the resulting two saturated solutions will be different 
and will alter the solubility of the solute in each to a different extent. (The im- 
purity may either increase or decrease the solubility of the main solute: insoluble 
compounds often become more soluble in the presence of foreign materials, very 
soluble compounds usually become less soluble.) ’ ^ 

One way of obtaining the solubility of the pure solute is to “leach” it with 
successnm ponions of fresh solvent and determine the equilibrium concentration 
r impurity should eventually all be removed, and the solubility 
^Mll thereafter remain constant, which will indicate that the saturatino- phase is 
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IDENTIFICATION OF THE SATURATING PHASE 

Composition of Solid Phase^—The determination of “the solubility" implies a 
knowledge of the composition of the solid phase. If the solid(s) is changing, it 
may be necessary to re-analyie it either directly or indirectly in order to be able 
to interpret the results. If the solubility of an inorganic salt is being determined 
in a water-alcohol mixture, for example, the formation of a solid alcoholate may 
change the composition of the solvent markedly. Similarly, the addition of a third 
component may change tlte degree of hydration of a salt and may alter die inter- 
pretation of the data. The formation oi 
solid solutions, double salts, and hydrolytic 
“basic” salts are all relatively commoa 
complications. 

There are several methods of identifying 
solid phase changes that are routinely em- 
ployed in studies of phase equilibria- 
Direct cliemical, physical, or microscopic 
analyses of the solid are obvious; the only 
problems involve removal of die saturated 
liquid and the prevention of changes dur- 
ing handling (evaporation, temperature> 
oxidation). When tire work is being donft 
at high or low temperatures, or In viscous 
solutions, tliese problems may become very 
great, and an indirect analysis is often the 
only recourse. 

The fujidamemal techniq'ue in indirect 
solid pliase analysis is Sdrreinemaker’* 
“Wet Residue" analysis. In this method, 
no attempt is made to dry or remove the 
solution from the sample of die solid 
phase. The wet solid is analyzed for each component, as is the saturated solution- 
The composiiiou of die dry solid is tlxeu calculated by "subtractiug" the composi- 
tion of the solution from that of Uie mixture. In order to do this the amount of 
liquid wetting the solid must also be known. One way of knowing this is to use 
a small amount of an inert "trace” compound that stays entirely in the liquid phase- 
The amount of the tracer found in the wet mixture indicates the amount of solu- 
tion retained. 

Convenient graphical and algebraic methods can be used when die system con- 
tains more than two components. In these, tlie solution and wet residue compo- 
sitions are plotted, and a straight line drawn through tliera (a “tie-Hne”) also 
passes tlirough the composition of the solid phase. The intersection of severa 
such tie-lines indicates the unknown composition. 

A convenient variation of the wet residue meiliod involves die preparation o 
mixtures of solvent and solutes of precisely known composition. After equilibrium 
is established, only the saturated liquid is analyzed. The original (total) compo- 
sition of the mixture can then be used as a point to fix the tie-line instead o 
analyzing the equilibrium wet residue. 

"Stable” vs. "Metastable” EquiUbrium.~Ahhough these analytical tedmiques 
can establish die existence and reversibility of an equilibrium solubility, they can- 



Fic. 20-14. Determination of Solid Phase 
Cpniposition by the Intersection of Tic* 
Lines. S,S,S compositions of saturated 
solutions; lt.R,H compositions of the 
corresponding wet residues. Lines S^R 
are tic lines; C is the composition of 
the saturating solid. 
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not necessarily distinguish between stable and "metastable” equilibria. Unless the 
chan'^e is observed experimentally, there is no way of determining whether a sys- 
tem is metastable (or “unstable”) with respect to some other solid phase. Satu- 
rated solutions of sodium sulfate, for example, can be in true reversible equilib- 
rium widr the anhydrous solid at room temperature, even though the decahydrate 
is the “stable” phase below 32°G. The solid phase transition rnay not occur for 
weeks unless decahydrate seeds are introduced, and only then is it evident that 
die solubility curve of the anhydrous salt is metastable. 

Methods which can be used to induce formation of the stable phase are (1) addi- 
tion of “seed” crystals of the stable phase or of a similar compound which may have 
similar crystal structure, (2) vigorous scratching of the (glass) walls of the con- 
tainer, (3) heating or cooling (plus scratching) in the hope drat a stable phase 
may form more readily at higher or lower temperatures. 


“SYNTHETIC” OR “POLYTHERMAL” METHODS 


In a “syndietic” or “polythermal” determination of solubility, a mixture of 
known amounts of solute and solvent is prepared and is heated slowly until all 
of die solute has dissolved. At the temperature where the last trace of solute dis- 
appears, die saturated solution has the composition of the prepared mixture, and 
die “solubility” is thus known. In other variations of the method, a solution may 
be cooled until the first crystals or cloudiness appears, or the heat capacity of a 
mixture may be followed by a cooling curve, as in freezing-point determinations. 

The “synthetic” method has the advantage that no analysis of the saturated solu- 
tion is necessary; the composition can be known to any desired accuracy in the 
preparation of the mixture. Tedious or inaccurate analytical procedures can thus 
be avoided. 

Since strictly isothermal conditions are not required, the synthetic method does 
not require elaborate thermostating equipment. It is well suited to systems that 
contain a volatile or air-sensitive component in which sampling would be difficult. 
The synthetic mediod is often used when only small quantities of material are 
available; the substances are weighed into a capillarj', sealed, and observed micro- 
scopically. Finally, the synthetic method is extensively employed in very high- or 
very low-temperature work where sampling is nearly out of the question. The phase 
changes are deduced from changes in heat capacity on cooling or heating curv'es. 

Although the synthetic determination of solubilities is sometimes the logical 
choice, it has definite limitations. It does not, for example, reduce the need for 
utmost care in assuring that equilibrium has been attained. The solution must 
be well agitated, and must be held at each temperature long enough to become 
saturated. If the solution is viscous or if the solid phase is changing composition, 
the usual isothermal saturation method is faster and more satisfactory. The 
method is not suited for use with surface-active materials, or with very insoluble 
compounds. ^ 


Procedure ivith Readily Soluble Solids.-The solvent and the finely divided 
solid are weighed into a tube or flask and placed in a (water) bath whose tempera- 
ture can either be raised continuously or can be held constant as needed A stirrer 
and precision thermometer are fitted to the flask. The solution is stirred at the 
ath temperature until no further solid appears to dissolve (at least one-half hour) 
The temperature of the bath is then raised a fraction of a de^ee per minute 
When only a few crystals of solute remain, the rate of heating is^lowed down (to 
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less than 0.1 ’ per minute), and for best results the temperature should occasion- 
ally be held constant to ensure saturation. The heaiiitg is contitjued until the 
last traces of crystals are about to dissolve. The accuracy of tlie metliod depends 
on the length of time allowed for equilibration as the final temperature i$ ap- 
proached. A second determiuattou on die same mixture is made by chilling lo 
precipitate tlie solid, and tltcii rcltcatiiig. With care, reproducibility to about 
±0.2'C. can be obtained. Unless the solid has an unusually high-temperature co- 
efficient of solubility, the allovcr accuracy can be fairly good. The method sul- 
fers III being time consuming and in requiring continuous obserration. 

It should be noted that the precise solution tempcratuie cannot be obtained by 
cooling a solution to the first appearance of crystals, because supersaturated solu- 
tions will almost invariably be forinctl. Replicate determinations must always be 
made from the direction of undersaturatioii. 

Use o/ Cooling and Heating Curves.— Although cooling attd healing curves can 
he used with high precision if die appropriate apparatus is available, they are 
generally less useful than other methods in louiine solubility determinations. Ac- 
curate work requires that a constant icinpcrature dilFcreniial be maintained be- 
tween the solution and the bath, and the rate of cooling or heating of the solu 
tion is plotted. These rates are often too fast for ilic solid-solution equilibrium 
lo follow satisfactorily. Excellent precision can be obiaitied when ice is the phase 
crystallizing from a solution, for example, but the heat capacity of many ocher 
compounds is relatively low, and tbcmtoconples raiiier titan glass thermometers 
must be employed. 

SOLUBILITY OF LIQUIDS IN LIQUIDS AT 
CONSTANT TEMPERATURE 

The Analytical A/et/iod.— The major dilfcrcnccs between solid-liquid and liquid- 
liquid solubility determinations arc that: 

1. With tuo liquids, the solubilities are reciprocal. Tliat is, some of eadi liquid 
always dissolves in tlie other, anti both liquids must be analyzed in order to de- 
scribe the system properly. 

2. Liquids attain solubility equilibrium much faster than do solids, and 5 or 10 
minutes of shaking is usu.illy all that is required. Conversely, good temperature 
control must be m.aint.niiicd at all times. 

3. Certain difficulties are c'xpcrienced because of the volatility of die liquids. 
In order to prevent pressure build-up during agitation, only a small “free air 
space should be left. If possible, the free space should be allowed to fill wiiii 
solvent vapor before sealing the solubility vessel. 

Unless die liquids form stable emulsions, they should be agitated vigorously to 
provide thorough mixing and high surface area of contact. If emulsions tend to 
form, or foams are produced at die interface, Uien only gentle mixing can be 
used and correspondingly more time is needed for equilibration. 

When the litjuid layers have separated, samples of each layer are taken or 
analysis witli pipeis inserted to die proper level. Samples of the bottom layer can 
be taken without contamination from the top layer by using a clamp or stopcock, 
or by maiiiwining a very slight positive pressure of air while lowering the pipet 
tip through the upper layer. 
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The Synthetic Method.-This method is based on measuring the volume changes 
of the two liquid phases as they equilibrate with each other, and can be applied 
to any liquids that separate to form a sharp interface after mixing. Graduated 
cylinders, burets, or specially constructed flasks are used. 

Two separate mixtures of the two liquids and U are prepared, and the 
ori<^inal weight of each liquid is measured. In the first mixture a large amount of 
liquid L, is used with a small amount of Z-.j, and in the second mixture it is the 

reverse a large amount of Z.., widi a small amount of L^. Each mixture is then 

dioroughly mixed and allowed to separate. The volumes of the top and bottom 
layers are then read. 



(q 1 (b) 

Fig. 20-15. a. Graduated Cylinders Used to Measure Liquid-Liquid Solubilities, b. Flasks 

Designed for Greater .Accuracy. 

Even though the relative proportions of the upper and lower layers differ, the 
compositions of the upper and lower layers in the two mixtures are the same (the 
solubility of each liquid in the other is a constant at a given temperature). The 
total (original) amount of each litjuid is now distributed between the two layers, 
and if 

.Y = concentration g./ml. of L\. in the upper layer 
y = concentration g./ ml. of Li in the lower layer 

tlien 

Total wt. Li in the first mixture = xV\ + 7^2 

Similarly : 

Total wt. Li in the second mixture = xV^ y Vi 

These equations are then solved simultaneously for x and y. If the densities 
of the equilibrium upper and lower layers are also determined, the concentrations 
(grams per milliliter) can be converted to a strictly weight basis. 

This method can be used with high accuracy if specially constructed bottles are 
employed. These bottles hold relatively large (calibrated) volumes, but the menis- 
cus levels are read in narrow tubes. More time and care must be taken in the 

equilibration of the phases, however, because of the constricted desio-n of the 
flasks. ^ 

The Cloud-Point Method {Synthetic). -Th& synthetic “cloud-point” method is 
often used m the determination of liquid-liquid solubilities as a function of tern 
perature. Equilibrium is rapidly attained and the “end point” is easy to observe 
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The usual approadi is to weigh appropriate amounts of the two liquids together 
and to then heat <or cool) until a single homogeneous phase is formed. The tem- 
perature is Uien slowly lowered (or raised) until tlie second liquid layer is seen to 
separate out. This is an approadi from the direction of oversaturation, but liquid 
phases do not lend to supersaturate. The formation of the droplets of the second 
liquid occurs throughout the entire solution and gives the whole a ‘'cloudy” ap- 
pearance. This "cloud-poini" change usually can be observed with both rising 
and falling icmperdture, and can be determined to about ±0.2®. 

The single cloud-pomt dcicTminatiou docs not yield the composition of the 
second (cloud) liquid phase. If the temperature of phase separation is determined 
o\er the entire range of composition (0-100%) of the two liquids, and a smooth 
curve drawn through the points, ihen the compositions of the pliases coexisting 
at any given icmperatnrc can be read from the graph. 


SOLUBILITY OF GASES IN LIQUIDS 

Gas solubility measurcineiils are subject to many errors of manipulation. In 
addition to thermostating, the total pressure must be controlled, the vapor pres- 
sure of the solvent must be known, and the solvent (and apparatus) must be free 
of foreign gases. Special care must be taken to eliminate gas leaks and to keep 
the vapor space saturated with solvent. 

The solubilities are usually expressed as: 


I ss the Ostwdld cocfTicicnt which is the volume of gas (measured at die tempera' 
ture and pressure of the experiment) absorbed by one volume of solvent 
/3 = the Bunsen coefficient which is the volume of gas (corrected to 0®, 760 mm) 
absorbed by one volume of solvent. 


As these cocflicicnis Imply, most gas solubilities 
arc measured by volumetric means. \Viih very 
soluble or reactive gases, however, direct weigh- 
ing, titration, etc., are entirely feasible. Often 
the solute gas can be swept or distilled out of 
die saturated solution and analyzed iiidepeni' 
ently. 

Ill the standard absorption method origi- 
nated by Ostwald, a gas buret (A in Fig. 20*16) 
is connected by capillary tubing M to an ab- 
sorption flask or pipet B. The dimensions of 
A and B must be chosen with due regard to the 
solubility of the gas being measured. Great 
care must be taken to prevent gas leaks and 
bodi die buret and pipet are tliermostated for 
best work. If only the pipet is diermostated, 
temperature corrections for the portion of the 
gas in the buret must be made. The solvent 
ifr thoroughly degased by boiling, and is drawn 
up under vacuum tlirough S. When 5 is fu » 
the apparatus is flushed with the solute gas, which is removed Uwough three-way 
stopcock C and tube R. Buret A is filled by lowering mercury reservoir F. A por- 
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t.-nn of the ^as is passed into the absorption pipet by raising F and opening . 
The volume'^of solvent forced out through G is measured. The volume of ps in 
the pipet equals that of the liquid displaced; the volume of liquid remainin is 
calcula^ted from the known volume of the pipet. Stopcock C is . 

pipet (or whole apparatus) is shaken to mix tlie gas with the liquid. C Ae 
opened to allow gas from the buret to enter and replace that absoibed. This 




Fig. 20-17. a. Film Absorption Apparatus of Morrison and Billett. b. Modification 
Permitting Study of Very Soluble Gases. 

process is repeated at 5- to 10-minute intervals until, upon opening C, there is no 
further decrease in volume in A. The absorption coefficient is then calculated, 
taking into account the partial pressure of the solvent. With careful work, irre- 
cision of better than 1% is obtainable. 

An important variation of the volumetric method was introduced by Morrison 
and Billett (Fig. 20-17a). In diis apparatus the solvent is added continuously, and 
the film of liquid rapidly comes to etjuilibrium with the gas. No agitation is re- 
quired, and the precision of the measurements is excellent. 

The solvent is boiled out in J, which contains a vapor-pump V, and is siphoned 
into the apparatus through the constant-level siphon S. The liquid drops into 
the gas-filled chamber at A and flows through spiral B where it becomes saturated. 
Saturated liquid is collected from E just fast enough to keep the levels in C and D 
the same. Readings of the level C and the volume of liquid from E are made: 
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C measures the volume of gas absorbed; E, plus the accumulation at C and D, » 
the volume of solvent. 

Tube D is filled with gas. and T-G assures that the pressure is constant through, 
out. The spiral H is used to preheat the solvent for work at high temperatures, 
the absorption section is thennostatctl. 

Using a spiral h made from 10-mm. tubing, and C and D from 50-ml. burets, a 
drop rate of about 2 cc. per minute through A w.is generally found to be satisfac- 
tory. Tlie metliod has the advantage dut fresh solvent is constantly being used, 
that equilibiation is rapid, and that a large number of leadings can be made. 
When the volume of gas dissolved is plotted against the volume of soheni used, 
a straiglit line must result. 

When solubilities of very soluble gases arc to be measured, the adaptation shown 
in Fig. 20-176 has been employed. The gas buret C has been enlarged to intiuih 
the volume C. Solvent is also added at to keep the levels A'-y equal and thus 
maintain tonsiant pressure. Readings at P. (collected liquid) and at X and y aie 
made when the liquid level in C is at a fixed mark M (controlled by the flow 
through £). An allovcr jirecision of U.5% is attainable. 
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DETERMINATION OF WATER 


By John Mitchell, Jr. 

l'ol)cticniicols Department 
£. I. DuPont dc Nemours & Co. 
Wilmington. Del. 


Literally hundreds of inciiiods have been proposed for the detemiination of 
water in solids, liquids, or g.iscs. Procedures hate been developed based on the 
high chemical reactivity of water, its electrical and physical properties, and iu 
absorption characterisiics.t« * In the current brief review, the more widely used 
technitiucs for the analysis of commercial materials arc discussed. General prP- 
cedural informatioti is given for several methods. However, for operation of coifl' 
mcrcially available instruments, the reader is referred to the manufacturers' lit- 
erature. 

Karl Fischer Iteagent (KFH) Method.— The h'tjuid or solid sample, containing 
up to 250 mg. of water, usually is dispcrsctl or dissolved in an inert liquid, such 
as methanol or pyridine, .nnd titrated in a dcsicc,ntu*proiccicd system with KFR* 
ctjuivalcnt to about 3.5 mg. water per ml. of K.FR. (The solvent may be pred- 
trnted to eliminate a blank correction.) During titration the color of the solution 
remains canary yellow as long as uiireactcd water remains. After all of the water 
is consumed, the color cliangcs to brown due to the presence of unreacted iodine. 
Thus, the reagent serves as its own indicator and permits visual determination 
of the end point with a limit of detection of about 0.5 mg. of water. Considerably 
lower limits of detection arc obtained by electrometric determination of the enu 
point, using die “dead-slop," potcntioroctric, amperometric, or couiomevrit 
nique.*.* Commercial electrometric apparatus is available. Weight percentage o 
water is calculated as follows: 

Net ml. (sample*blank) X mg. HjO/ml. KFR X 100 g. sample X 1000. 

Water in insoluble materials often may be determined more readily by extrac- 
tion at room or elevated temperature prior to titration witli KFR. For example, 
about 97% of the moisture in wood was extracted by meUianol in 6 or more hour* 

1 Mitchell, J., Jr., and Smith, D. M., Aquaiiictry, IiUcrsciencc I’ublishcrs, Inc., NeW loiL 

im '17 

2 Mitchell, J., Jr., in Treatise on Analytical Chemistry, Pt. II, Vol. I (eds. I. M- Ko I 

and I*. J. Elving), Interscience Publishers, Inc, New York, 1901. ^ . » 

» KFR is composed of iodme, sulfur dioude, pyridine and methanol or methyl Ccllosoi^^ 
It can be prepared in the laboratory «•* or purchased from laboratory supply houses. 
overall reaction b ‘ 

HsO -f C6H6N-I2 + CsHsN-SOj -f CbHsN -i- ROH 2C6HfiN*HI + 
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at room temperature or 2 to 4 hours under reflux. Water in many plastics was 
extracted in about one-half hour by refluxing methanol.^ 

The titration can be made over a rather wide temperature range. Consequently, 
some condensable gases can be analyzed directly at reduced temperature, e.g., buta- 
diene at 0°C. Many noncoudensable and condensable gases also can be analyzed 
directly by passing the sample through an absorber containing a known volume of 
KFR. Indirect analyses can be made by scrubbing through a dry, inert liquid, 
such as methanol, followed by titration of the liquid with KFR. 

By proper choice of reagent concentration (water equivalence), apparatus, and 
method of end-point detection, the range of water titrated can vary from several 
micrograms to several hundred milligrams. This permits analyses for water in 
concentrations from parts per million to 100%. 

A number of substances interfere by consuming iodine and, therefore, appear as 
water. A few materials oxidize hydriodic acid, one of the KFR reaction products, 
to iodine, giving low apparent x'esults for water. Usually, these reactions are 
stoicliiometric; where the concenuation of interfering substance is known, suitable 
corrections can be applied. Many compounds can be rendered inert by suitable 
treatment prior to titration with KFR. The following are typical interfering ma- 
terials (for more details the reader is referred to footnotes 1 and 2): 

Aldehydes, Ketones Ammonia 

Diacyl peroxides Boric acid and oxides 

Mercaptans Metal carbonates and bicarbonates 

Silanols Metal hydroxides and oxides 

The rate of interfering reaction of the active carbonyl compounds is reduced by 
use of KFR having a higher pyridine concentration. Interference by ammonia is 
eliminated by use of excess acetic acid in the solvent. 

Most other materials are inert, including most acids, alcohols, esters, saturated 
and unsaturated hydrocarbons, halides, hydro- and dialkyl-peroxides, salts of in- 
organic acids, sugars and other “stable” carbonyl compounds. Standard procedures 
have been established for lacquer solvents •* and naval stores.® 

On direct titration, total water usually is determined, i.e., free plus hydrated. 
Often, free water can be determined in hydrates by extraction with a water-miscible 
liquid, such as dioxane, which does not dissolve the sample. 

Oven-Dry Methods.— The solid or nonvolatile liquid sample, which may weio^h 
from a few tenths of a gram to about 100 g., depending on the nature of material 
and expected water content, is weighed in a tared container and placed in an oven 
(usually 100° to 105°C. at 1 atm.). After 1 or more hours, the sample is removed, 
cooled in a desiccator over a suitable drying agent, such as dry calcium sulfate, 

and dien reweighed. The process is repeated until constant weight is attained. 

The decrease in weight is calculated as per cent water. Ovens with built-in bal- 
ances are available commercially, permitting analyses in a single step. 

Conditions for drying depend on the material to be analyzed and must be es- 
tablished empirically for eacli type of substance. Paper may require only 1 hour 
at 100° to 105°C.6 Complete dehydration of inorganic hydrates may require con- 
siderably higher temperatures, e.g., hydrated nickel sulfate becomes anhydrous at 
280°C. With many solids, particularly some natural products, the rate of diffu- 

■i ASTM Standards, Pt. 8, 1958, p. 943. ASTM D1364-58. 

5 ASTM Standards, Pt. 8, 1958, p. 425. ASTM D890-58. 

0 ASTM Standards, Pt. 4, 1949, p. 912. ASTM D644-44. 
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sioii of water to the surface may be quite slow and, therefore, several hours may 
be required for its complete removal. For procedural details on specific materials, 
the reader is referred to the table of contents. 

The oven-drying procedure measures weight loss. Consequently, all losses are 
calculated as water. These may be due to otlier volatile compounds originally 
present In the sample or formed by tlicrmal decomposition of the sample. In 
some cases oxidation may occur, leading to low results. 

Many thermally unstable materials can be handled satisfactorily at reduced tem- 
perature by use ol (1) a vacuum oven or (2) a desiccator. In the lauer case the 
weighed sanqile is placed in a desiccator at room tcmpeniture and 1 atm. or less 
pressure and allowed to stand until a constant weight loss is obtained. This usu- 
ally requires weeks or montbs; hence, the desiccation procedure is seldom used for 
other tiian calibration purposes. A variety of vacuum ovens are available. Usu- 
ally, time requirements are iiicre.iscd over conventional oven drying, and coudt 
cions must be established for each type of material studied. Procedures have been 
proposed for a variety of dairy products, meals, drugs and partially dehydrated 
foods.’’ For biological substances, some dehydrated foods and otlicr relatively un- 
stable materials, lyophilization (freeze drying) is of value for removing the bulk of 
the water.® 

Penfield Method.— Thi& procedure lias been used widely for dclcrmining water 
in silicate rocks. In the original method ® 1 g, of powdered sample was placed in 
a test tube Jiaving one bulb blown at the closed end and another near the mid- 
point of the tube. Wet cloth w’as placed around the center bulb whidi sened as 
a condenser. Tlic end of the tube was closed witli a capillary to minimize loss of 
water. The sample in the tube was heated with a gas burner. The evolved water 
vapor condensed in the center bulb. After all condensed water was driven into 
the bulb, the hot flame was placed midway between the bulbs and the upper por- 
tion of the tube drawn off and rounded. The tube was allowed to cool, the vtet 
cloth removed, die outside of the tube wiped dry, and the tube weighed. Then 
the tube was dried and reweighed. The decrease in weight was calculated as per- 
centage of water in die sample. 

A modification of the Penfield method employed a tared filter paper placed in- 
side tUe cuhe. to collect covvdcvvvcd vt\o\%t\xtc.‘® Alter 3.U oC tlve was collected 

on the paper, it w’as reweiglied. The increase in weight was equivalent to water in 
the sample. 

The result represented total water in the sample. Combined water was esti- 
mated by subtracting the value for hygroscopic water (obtained by drying 1 g- 
sample to constant weight at 105" to I10"C,) from dre total water found. 

Absorption Method.— The gaseous sample is passed through a tared absorption 
lube containing a desiccant such as dry calcium sulfate, magnesium perchlorate, or 
phosphorus pentoxide. Increase in weight of the absorption tube is calculated as 
percentage of water. The technique also is applicable to solids and nonvolatile 
liquids from which water can be removed during passage of a dry gas. The sample 
is weighed into a boat and heated in an open combustion tube. Inert gas, usu- 
ally nitrogen or air, is passed over the sample after drying through a tube con- 
taining the same desiccant as Uiat used in the tared absorption tube. 

• Makower, B., Chastain, S. H.. and Nielsen, E . Ind. Eng. Cliem., 38, 725, 19^6. 

8 Makower. B , and Nielsen. E., Anal. Chem.. 20, 856, 1948. 

9 Penfield, S. L., Am. J. Sci., 48 (3), 30, 1894. 

10 Shapiro. L., and Brannock. W. W., Anal. Chem., 27, 560, 1955. 
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The absorption method tends to be more nearly specific for water than those 
methods based on weight loss. It may be more reliable for determining small 
amounts of water in large samples since the absorbed water is weighed directly. 
Interferences include other volatile compounds absorbed by the desiccant. Water 
formed during thermal decomposition will lead to proportionately high results. 

Through proper choice of desiccant, some interferences can be avoided. For 
example, calcium oxide may be suitable for samples from which 
ammonia is evolved. 

Dhtillatioyi Method.— The sample with an excess of a suitable 
water-immiscible carrier, such as toluene or xylene, is placed in a 
distillation flask. The flask is connected to a reflux condenser 
having a special graduated receiver (see Figs. 21-1 and 21-2^^-^-). 

Then the mixture is heated, usually electrically, and the conden- 
sate collected in the receiver. The condensed water remains in 
the receiver while the carrier is returned through an overflow to 
the distillation flask. The collected water is measured volumet- 
rically. Further details on procedure are given in other chapters 
dealing ivith specific products. 

Routine applications of the distillation procedure date from 
the developments of Dean and Stark,!^ who devised apparatus for 
continuous refluxing, collection of water in a calibrated trap, and 
return of the carrier to the distillation flask. Their design is 
still used for determining water in petroleum products and other 
bituminous materials (Fig. 21-1). Other types of traps are 
recommended for various applications.^i-^'-i^ Examples shown 
in Fig. 21-2 are for use with a cai-rier having a density less than 
that of water. In this case, water collects in the graduated por- 
tion of the trap and most of the organic (upper) layer returns 
through the side arm to the distillation flask. The most com- 
monly used carriers are benzene, toluene, and xylene, the first 
two forming heterogeneous azeotropes with water. 

For special cases, e.g., rvhere flammability is a problem, chlo- 
rinated materials are used, suclr as carbon tetrachloride and tetrachlorethane. 
Since these materials are heavier than water, a trap must be used which permits 
return of the lower organic layer to the distillation flask. The traps,i'^ shown in 
Fig. 21-3, are illustrative of designs permitting return of the lower layer. 

The distillation procedure has been used widely for determining moisture in 
grains, leather, petroleum products, soaps, and sugars. 

Electrical Methods.— Water has several unique electrical properties which per- 
mit nearly specific analyses of many liquids, solids, and gases. The most com- 
monly employed are measurements of dielectric constant or capacitance, conduct- 
ance or resistance, and electrolysis. Commercial instruments are available for 
making these rapid measurements. 

Dielectric Constant.-Water has a very high dielectric constant of about 80, as 
compared to that of most other materials, e.g., the constant for paper is about 2 5 

ASTM Standards, Pt. 4, 1958. p. 1079. ASTM D95-58. 

12 ASTiM Standards, Pt. 7. 1958, p. 1339. ASTM E123-56T. 

13 Dean, E. -VV., and Stark, D. D., Ind. Eng. Chem., 12, 486, 1920 

11 Fetzer, W. R., Anal. Chem., 23, 1062, 1951. 
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Actually, most instruments basically measure the capacitance of a condenser using 
the sample as a dielectric. The capacitance of a parallel plate condenser is pro- 
portional to the area of the plates and the dielectric constant of the sample be- 
tween die plates and inversely proportional to the distance between the plates. 
Once a system is calibrated, measurements then are proportional to water content, 
provided conditions are reproduced. The method is in wide use for measuring 
water in paper, textiles, and tobacco.^® 

Conductivity, Resistance.— Conductivity (or resistance) measurements can be 
made conveniently on systems containing an electrolyte in which components 
odier dtan water are essentially nonconducting. When electrodes at a fixed po- 
tential are placed in the sample, the current is proportional to water content. Each 
system must be calibrated. Instruments have been described for direct determina- 
tion of water in materials sucli as grains, paper, textiles, plastics, tobacco, sand, 
wood, Jeadier, and soils, 

In addition to determining water in solids and liquids, water in gases can be 
measured indirectly. Moisture in the gas is absorbed on a suitable solid, e.g., 
lithium salt, sulfuric or phosphoric acid, where the change in conductivity is 
measured.!® xhe procedure has been applied to analyses of air, oxygen, nitrogen, 
and natural gas. 

Electrolysis.— Moisture in the gas is absorbed by a suitable hygroscopic material, 
e.g.. phosphorus pentoxide. Then die collected water is electrolyzed to oxygen and 
hydrogen, the electrolysis current being proportional to water content.!' Com- 
mercial instruments are available for use as continuous or batch analyzers. 

The technique is most useful for determining 1 to 1000 p. p. m. water in gases, 
sucli as air, nitrogen, hydrogen, carbon dioxide, argon, helium, hydrocarbons, and 
fluorinated hydrocarbons. Most acidic and basic materials interfere. 

Deiu Point.— The dew point is defined as the temperature at which a gas be- 
comes saturated with moisture, i.e., where dew begins to form. Usually a mirror 
or highly polished metal surface is exposed to the gas in a closed system. Provi- 
sion is made for cooling or heating the surface to permit alternating adjustments 
to slightly above or below die dew point.!® xhe technique is suitable for analyses 
of inert gases which do not contain materials other than water that would con- 
dense at the dew point. Tables are available for converting dew-point tempera- 
tures to moisture contents of several gases.!® 

Hygrometry.- Relative humidities of air are usually determined with the dry- 
aiid wet-bulb psychiometer. In its simplest form, the psyclirometer consists of two 
thermometers; the bulb of one is left bare while the other is covered by a mois- 
tened wick. Relationships have been derived relating relative humidity to the 
two temperatures observed after swinging the thermometers.®® The wet-bulb tem- 
perature depends on rate of evaporation of water from the wick which in turn is 
related to moisture concentration of the air. 

Variations in equipment include the “hygroscope.” ®o This compact unit is 


15 


‘Mitchell, J., Jr., in Treatise on Analytical Chemistry, Pt. II, Vol I Ceds T M 
and P. J. Elving), Interscience Publishers, Inc., New York; 1961 ^ 

J- Standards, 


!! Keidel, F. A., U. S. Patent 2,830,945, 1958; Anal. Chem.. 31, 2043 1959 
!8 .\STM Standards, Pt. 8, 1958, p. 1235. ASTM D 1142-58 
!® Ilfield, R. M., Anal. Chem., 23, 1086, 1951. 

20M'exler. A., and Brombacher, W. G., Natl. Bureau Standards Circ. 512, 1951 



532 


DETERMINATION OF WATER 


commonly called the hair hygrometer because its response depends on the behav' 
lor of human hairs kept under tension. A simple lever system connects their mid' 
IJoint with a pointer. Changes in humidity cause variations in tension which are 
indicated directly. 

Hygrometer methods are used widely in meteorology, by the air conditioniug 
and refrigerating industries and for determining equilibrium humidities over non- 
volatile liquids and solids. 

Infrared 5/>ec<rop/io/o«ietr)i.— Absorption in both the near infrared and funda- 
mental regions forms the basis for rapid, nondestructive determinations of water 
in many solids, liquids, and gases. Tlie most useful analytical wavelengths art 
1, 1.423, 1.9. 2.7, and 6 microns. In the absence of interfering materials, sudi as 
alcohols and primary or secondary amines, absorbance is proportional to conccn- 
tration of water in the sample. 

Applications include analyses for water in v.'irious organic compounds at 1 mi- 
cron, in fuming nitric acid at 1.423 microns, in glycerol, plastics, sulfur dioxide, 
and hydrazine at 1.9 microns. In fluorocarbons, mcrcaptans and pyridine in tlie 
2.7-roicron region, and in hydrocarbons and chlorine iir the C-microti region.^^ 
The infrared method is best suited for determining water in concentrations rang- 
ing from parts per million to a few per cent. 

Nuclear Magnetic Resonance Specfroscopy.— Instrumentation proposed meal- 
ures proton resonance of ilic granular solid sample.**'** The mctliod is essentially 
specific for water, provided no other hydrogcn'rich compounds are present in the 
liquid phase. Under these conditions, a sliarp proton signal Is given by the water 
superimposed on a broad signal from the solid. 

The NMR tccluiique has been used for determining several per cent water ifl 
materials sudi as egg albumin, candy, starches, paperboard pulp, and wood pulp.’^ 
Commercial instruments arc available. 

Neutron 5fn/t«rhjg.— Hydrogen reduces the speed of fast neutrons more ef* 
feciively than other common elements. In the absence of significant amounts of 
hydrogen-containing compounds other than water, this principle can be used for 
analysis. Application to niptd determination of water in soil has been studied c*" 
tensively.** Compact field units have been developed containing a mixture of 
polonium and beryllium as a fast neutron source and boron irifluoride as a neu- 
tron counter.** Measuiemenis have been made directly in the field, after lowering 
the source and counter in a hole drilled in the soil. The method is unaffecieU 
by temperature, texture, composition, or compaction.** Commercial apparatus 
also has been used on other granular solids sucli as cement. 

Gas C/iromorograp/iy.— Usually, during separation by gas chromatography, the 
water peak lends to be broad with significant tailing,** However, widi continue 
development the technique promises to provide rapid, reliable determinations o 
moisture in gases. 

21 Mitchell, J , Jr . in Ticatisc on Anal)tic 3 l Chcnilslr), i‘l. II, Vol. I (Eds. 1. M. KoUfiotf 

and 1*. J. Ehing), Inteiscicnce Fubiishers. Inc., New York, 1961. „ «« 

22 Shaw, T. M., EUken. R. H , and Kunsman. C. H.. 1. Assoc. OlTicial Agr, Chemists, 5 > 
1070, 1953. 

22 Shaw, T. .M.. and EUken. R. H., Anal. Chem.. 27, 1983, 1955. 

2* Gardner, W . and Kirkham.D.. Soil Science. 73, 391. 1952. ' , ,i tr 

25 Dal Nogaie, S., and Safianski, L. W.. in Organic Analysis. Vol. 4 (Eds. J. 

I. M. Koltholf, E. S. Proskaucr and A. Weissbercer), Interscience Publishers, Inc., 
York, 1960. p. 91, ' 
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COMMERCIAL ACIDS AND BASES * 

By E. F. Joy and A. J. Barnard, Jr. 

J. T. naker Ciiciuical Co. 

Phiilipsburg, N. J. 


Today, the mineral acids and common inorganic bases receive most extensive 
and diversified application through the full spectrum of science and ledinology. 
Their analysis is of significant interest not only to the relevant chemical producers, 
but also to many consuming industries. In iliis chapter, the analysis of these im- 
portant chemicals is considered, as veil as that of some additional acids that are 
receivitig increasing tonnage applic.ition, such as perchloric, hydrofluoric, and cer- 
tain organic acids. The procedures for the analysis of sulfuric acid are treated in 
greater detail, aud often the analogous determinations for other acids can be con- 
sidered as modifications of these procedures. 


DETERMINATION OF SPECIFIC GRAVITY VIA 
A HYDROMETER 


The strength of some common acids and bases is ofteji estimated witliin pro- 
duction plants and consuming industries by means of a hydrometer. Hydrometers 
of limited range are to be preferred and are best checked occasionally against 
standards established by the use of a pycnometer or against a set of calibrated 
hydrometers.! Further, the thermometer used to determine the temperature of the 
liquid should also be checked against standard thermometers. Specific gravity 
tables for some common acids and bases arc given on pp. 612 through 626. 

The following precautions in the use of a hydrometer are noteworthy: (1) the 
hydrometer should be clean and dry and at the temperature of the liquid prior 
to immersion; (2) the vessel should allow the hydrometer to float freely (at least 
% in. greater in diameter than the hydrometer bulb); (3) the hydrometer should 
be slowly immersed in the liquid slightly beyond the point at which it floats, and 
should then be allowed to float freely. (4) no air bubbles should be present in 
the liquid or clinging to tlie instrument or vessel walls; (5) the eye should be 


• Compiled with the assistance of the (ollowiiig companies that kindly provided rec- 
ommended procedures: Allied Chem. Corn., General Chem. Div. and Solvay Process 
Div; J. T. Baker Chem Co.; Columbia Southern Chem. Co.; The Dow Chem. Co.; t. l. 
DuPont de Nemours & Co,, Inc.; Miles Chem. Co.; Monsanto Chem. Co.; Charles Phzer k 
C o. Inc: and U. S. I. Chemicals Co. Additional information ims gleaned from reports 
of the Tennessee Valley Authority, tlie United Kingdom Atomic Energy Authority, ana 
the United States Bureau of Standards. nf 

! Information on the correct use of hydrometers appe.irs in United States . 

Siandaids Circular No. 57. Additional information may be secured from ASTM Stanuaru , 
EIOO and E126. ' 
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placed below the plane of the surface and be slowly raised until the surface, seen 
as an ellipse, becomes a straight line (the point at which this line intersects the 
hydrometer scale should be taken as the reading); (6) where the required accuracy 
demands, the temperature of the liquid should be taken before and after the 
reading, and a correction should be applied for the variation in temperature from 
the standard conditions for the hydrometer used and the density tables available. 

In the United States, the specific gravity (and the related special units) is gen- 
erally expressed at exactly 60°F. (15.56°C.), as compared to gas-free water at exactly 
60°F. Under these conditions the following conversion formulas apply (and were 
used in the calculation of the tables on pp. 612 through 626, unless otherwise stated). 

For liquids heavier than water: 

degrees Twaddell = (sp. gr. — 1) X 200 
sp. gr. = (degrees Twaddell -}- 200)/200 
degrees Baume, Heavy = 145 — (145/sp. gr.) 

For liquids lighter than water: ~ 

degrees Baume, light = (140/sp. gr.) — 130 

sp. gr. = 140/(130 + degrees Baume, light) 

The inherent error in measurements with hydrometers is of the order of ±1 in 
the third decimal place. The Westphal balance can be made somewhat more 
accurate, possibly to ±2 in the fourth decimal place; the conventional plummet 
for this instrument, however, is not resistant to strong acids or alkalis. The pyc- 
nometer gives most accurate measurements of density, although its use is tedious; 
for the precision assay of common acids and bases, acid-base titration methods are 
usually preferred. 

METHODS OF MEASURING SAMPLES OF ACIDS BY WEIGHT 

AND VOLUME 

As die prelude to the determination of the acid content of acid solutions, it is 
necessary to take a known weight. Special techniques ar-e demanded where the 
acid is volatile or fuming, in order to assure its confinement during the weighing 
operations and until it is mixed with water (or standard base). Where a sample 
of the acid is required for the determination of an impurity, the sample is often 
established by taking a known volume of the acid by a pipet or from a buret. 
The weight of this volume may be calculated with sufficient accuracy from the 
specific gravity, determined either by use of a hydrometer or calculated from the 
estimated strength of the acid and a specific gravity-composition table: 

(volume taken) X (sp. gr.) = weight taken. 

Where a number of impurities must be determined following dilution of sam- 
ples with water, it is sometimes expedient to weigh a single sample of the add, 
dilute to known volume with water, and employ portions of this solution in the 
individual determinations. 

^ further Baume scale for liquids lighter than water employed in 
tne U. S. petroleum industry should be appr-eciated: API degrees Baume = API <Travitv 
degrees = (141.5/sp. gi-.) _ 131.5. oiarity. 
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IVeighing of Dilute, Nonvolatile Acids.— The weighing may be e/Tected diredj 
into a small beaker or flask, or by use of a weighing bottle or tube. Tlie spedal 
weighing tubes for volatile acids are, of course, also satisfactory (see below). I{ 
the acid sample is to be used in the determination of the acid 
content, the weight taken should correspond to the optimum 
volume of standard base that can be delivered in a single fill- 
ing of ii\e buret used.* Hence, it is often necessary to calcu- 
late the approximate volume of the acid to be taken in order 
to secure a proper sample weight. Wliere the specific gravity of 
the acid has been determined by a hydrometer, the lollowing 
formula may be applied: 

y ^ X Ni, X 
** PaXD^XnXW 

where is the milliliters of acid to be taken for weighing, Fj, the 
optimum milliliters of standard base to be consumed in the titra' 
lion; iVj,. tltc nonnatity of this base; Af, the formula weight of 
the acid; n, the number of liiratable hydrogen ions furnished by 
one molecule of the acid (n = 1 for monoprotic acids, etc); Pj, 
die percentage (ar/te) strength of the acid (calculated from the 
specific gravity by use of a proper specific gravity-composition 
tabic); and D^. Uie specific gravity (determined via a hydrometer), 
tyeig/ihig of Volatile, Fuming, and Concentrated Acids.-'lhe 
application of speci.!! techniques is required. 

Lungc-Rcy “Bulb*Tap’' Pipet.— This device, which is often of- 
fered commerciaUy under iltc designation Lunge weighing bottle, 
is seen in Fig. 22-1 The acid sample is confined to the bulb be- 
Fic.22'l. Lunge- t'^een the two stopcocks. The lower part of die device is fitted 
Roy Pipet (Aft- with a ground glass joint and carries a protective tube; the joints 

er Lunge, G., jr,> pry; ^ pressure-relief channel. In use, the dry device 

A^ngew^^'chem (''"ith the tube) is weighed. The lower stopcock is closed andiVit 

4, 1C5, 1891). ’ upper one opened: moderate suction is applied, and the upper 
stopcock is iltcn closed. The sample is then drawn into the bulb 
by placing the tapered tip of the lower end just below tlic surface of the acid, 
and opening the lower stopcock. This is then closed, die tip is quickly wiped, 

* Foi the liirimetiic assay of acids, tlic use of a chainbci (or bulb) buret is recotnmended 
Such burets, made to the specifications of the Manufacturing Chemists’ Association or 
United States, are commercially available, both with a 50-nil. bulb and graduated irora 
50 to 100 ml., and with a 75-inl. bulb and graduated from 75 to 100 ml. These bare 
carry a three-v\-ay stopcock. For precision Uirimetry, the buret should be encased m * 
v^ater Jacket carrying a calibrated thermometer. Further, the buret sliould be connecteo 
by glass or plastic tubing, >ia the auxiliary stopcock lead, to the reservoir vessel coniaiu- 
mg the standard base (or acid), and also, via the lop oC the buret. to_ the same 
(thus furnishing a release to air of the same humidity as the solution in the buret), 
closuic of the resenoir vessel should also lie connected, via glass tubing, to a scruuoei 
bottle containing sodium hydroxide solution, which saturates entering air v»nh mmnu'c 
and removes CO^. Further, a mercury relief valve from this glass tubing connection re 
lieves any expansion of air in the reservoir due to a rise in temperature. 
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and tlie tube replaced. The inaease in weight of the filled device corresponds 
lo the sample weight. The pipet is emptied by slowly running out the acid under 
water, followed by tliorough rinsing of the bulb chamber by the repeated addition 
of water dirough the upper stopcock with agitation. 

Dely Weighing Tube.— This form of weighing tube, seen in Fig. 22-2, is of spe- 
cial interest for tlie routine assay of oleums and mixed acids, since it can be placed 
on a balance pan without auxiliary support. Satisfactory dimensions have been 
oiven by Singer.-* A two-turn planar spiral, of 4-mm. I.D. glass tubing, has 
a total diameter of about 50 mm. and thus, a total internal capacity of about 
3 ml. The spiral is terminated by lengths of 0.9-mm. I.D. capillary tubing, af- 



Fig. 22-2. Dely IFeighing Tube, Design and Operation, Alone and with Protective 

Adapter. 


fixed at right angles to the plane of the spiral. The central exit tube is about 
155 mm. long and has a tapered tip B. The other exit tube carries a right angle 
bend C, directed away from the spiral, at a distance of about 30 mm. from the 
plane of the spiral. The end of this tube A may carry a ridge. 

In use, the clean and dry Dely tube is weighed. Suction is applied with a 
rubber suction bulb attached to A, and the required amount of acid is drawn 
dirough tip B. (The satisfactory sample volume is best indicated by a permanent 
mark on the glass tubing.) The Dely tube is inverted, tip B is wiped, and the 
tube and sample weighed. The device is inclined so that the acid runs back into 
die crook C (to a point that may be marked on the tube wall), in order to expel as 
much air as possible from this end. A rubber tube, filled with water and fitted 
with a glass-bead valve, is attached to A; the other end of this tube is connected 
to a bottle containing water. The Dely tube is now inverted, as shown in the 
center illustration of Fig. 22-2, the tip being immersed in 150 to 200 ml. of cold 
water in a 4-in. casserole or a conical flask, depending on which vessel is to be 
used in the subsequent titration. By pressing the bead, water is slowly admitted to 

* Singer, M. R., in The Manufacture of Sulfuric Acid, Duecker, W. W., and West T R 
Eds., Reinhold Publishing Corp., New York, 1959, 419. ’ ’’ 
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the tube, forcing tlic acid from iL Before expelling the last half-inch of acid 
the rubber tube is disconnccictl at its attadiment to the water bottle and the 
weak acid from the receiver is drawn back two or llirec in. into the Dely tube by 
suction provided by a rubber bulb. The add is again almost entireiy expelled by 
water from the bottle, and this rinsing procedure is repeated. (This step is man- 
datory to assure complete absorption ot sulfur trioxide in die case of fuming sul- 
furic acid.) 

Watviak 5 finds even with careful back-washing some sulfur trioxide may escape 
absorption. He recommends the attachment via a half-scction cut from a rubber 
stopper of an adapter consisting of firc-poiishcd glass tubing about 4.5 cm. in 
length and 2 cm. in diameter. As seen in the rigljt illustration of Fig. 22-2, the 
Dely tube with the stopper in place is inverted and inserted quickly into the 
adapter, which is already immersed in the absorbijig water in a conical flask. The 
Dely lube is rinsed repeatedly by ibe p.issage of w.iter, and the adapter is only 
removed when the air space in it is completely free of mist. 

The Dely tube, after use, is washed first with alcohol and then with ether; it 
may then be dried on an asbestos mat placed on a hot plate while clean, oil free, 
dry air is passed through it. 

Since the loss of e\cn traces of the acid (especially where an oleum sample, is 
being transferred) is serious, it may be expedient, in the use of 
die Dely tube, to add a drop or tuo of phcnolplithalein indi- 
cator solution to the water in the reservoir, and also die mini- 
mum amount of a very dilute sodium hydroxide solution r^ 
quired to elicit a faint pisik color. As long as the water leaving 
the Dely tube is decolorized, acid is still present.® 

Snake Weighing Tube.— This simple device is easily fashioned 
from a 25-att. length of 8-mm. tubing. As shown in Fig. 223, 
the lube has a double bend, on which it rests. The ends arc 
inclined from ilic plane of the bends to prevent the outflow of 
acid; one end is dnivi'ii to capillarity. The acid is taken into the 
clean, dry, weighed tube, by means of suction, through an at- 
tached rubber tube and bulb. The cipillary tip is wiped dry 
and the tube and its contents weighed. The acid is run slowly 
through the lip into 150 ml. of water in a casserole or conical 
Fic 22-3. Snake flask with motion of the tube or the absorbing water to prevent 
Weighing Tube, local overheating. ("Kicking-back” of the acid indicates tliat the 
bore of the up is too large.) The tube is then rinsed by repeat- 
edly sucking up the solution from tJie receiver and expelling, and finally by pas- 
sage of water. 

Bulbs and Ampoules.— Thin-waJIed, pear- or globe-shaped bulbs widi long stems 
blown from G-mm. soft glass tubing, as well as commercial flat-bottom, long ijp 
ampoules, are useful for weighing fuming adds (and their use is mandatory m 
certain thermometric methods of assay). The stem of the weighed bulb or ampou e 
is inserted through a hole in a small sheet of asbestos or even cardboard, \vluc> 
serves as a heat shield, and gently warmed over a micro flame. The tip is 
quickly inserted into tire acid well below its surface. Wlien a sufficient sample has 



5 Matviak, M., Chemist-Analyst, 42, 44, 1953. 

0 Suggestion, stalf. General Cheui. Div., .Allied Chem. Corp. 
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been thus obtained, the tip is withdrawn, quickly wiped, and sealed over the flame 
(without loss of glass!). The sealed bulb or ampoule is wiped cle^an and dry, and re- 
weiohed. (\'\fliere conditions permit, the ampoule may alternatively be filled by a 
pipetting operation.) The filled and sealed ampoule or bulb, after weighing, is 
transferred to the absorbing liquid (water or a sodium hydroxide solution) in a 
thick-walled vessel and is broken by pressure 
from a heavy stirring rod tvith a flattened 
end or by vigorous agitation (e.g., if a glass- 
stoppered conical flask or bottle is used). 

Other Weighing Devices.— Obviously otlter 
techniques and devices may be applied to 
the establishment of a weighed sample of 
acid under confined conditions. The use of 
a weighing buret is sometimes appropriate, 
and the design of Friedman and LaMer," 
which is commercially available, is note- 
worthy. For use with fuming acids, such a 
buret may be fitted tvith a long, thin-bore 
delivery tube, as earlier suggested by Blay 
and Burkhard (Fig. 22-4). The latter is grad- 
uated in half-milliliter divisions from 0 to 20 
ml.; a half-sized apparatus is used for oleum 
where a 2-ral. sample suffices for a deter- 
mination. The delivery tube, £, is placed 
in the tube during the titration; the stopper, 

A, is vented. W. W. Scott suggested replac- 
ing the simple glass stopper of the Blay- 
Burkhard design by a crook-bored stopper 
carrying a capillary tube extension (A' in 
Fig. 22-4). The vent to the air is opened or 
closed by a slight turn of this stopper, thus 
providing alignment with a channel. By 
means of this tube, acid may be drawn into 

the buret according to the Lunge-Rey pipet procedure, above, to allow filling from 
die bottom,’ thus avoiding any pouring or intermediate transfer of the acid. 

Conventional weighing bottles may often be used with even concentrated non- 
fummg acids, by the expedient of placing the weighing bottle and its loosened 
stopper witli the acid sample well under the surface of the absorbing water for 
base). ° ' 
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Fig. 22-4. Blay-Burkhard Graduated 
Weighing Buret and Scott’s Modifica- 
tion. 


SULFURIC ACID 

Sulfuric acid, HoSO^, made by the contact process, is relatively pure and may 

be obtained m any required strength from dilute solutions to oleums (“fuming” 

^id). The principal strengths offered in the United States include 60“ Baume 

Heavy (77.67% HoSO^),s 66“ Baume, Heavy (93.19% H.SO^, Oil of Vitriol), ancl 

‘ Fnednian, H. B., and LaMer, V. K., Ind. Eng. Chem., Anal. Ed., 2, 54 1930 

eOO^BaumrH* acid actually shipped in winter months' may be 59 8- 

ou.u iSaume, Heavy, to prevent its freezing. ^ ^ o».o- 
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97% (Oleum and ''mixed add” arc toiiiidcred in later sections of this 

chapter.) Dilute sulfuric acid solutions ranging in strength from 27.88% to 
93.19% H^SOj (sp. gr. 1.205 to 1.835) are available, to some extent on a custom 
basis, for use as b.atery electrolytes. In National Formulaiy X, sulfuric acid (94- 
95% H^jSO^) and dilute sulfuric acid (9.5 to 10,5 g. of HjSO^ per 100 ml,) had 
official drug status in the United States, but these entries were deleted from .Ya- 
tional Formulary XI. Reagent grade sulfuric acid, meeting American Chemical 
Society specifications, has a sireiigili of 95.0-98.0% H^SO^; the typical product 
marketed has a strength of 96.0% (sp. gr. 1.81). Some composition data 

for sulfuric acid are given in the tables on pp. 613 through 616, For further and 
more extensive physico-chemical data, the monograph of Duecker and West 
should be consulted.® 


SULFURIC ACID CON l'EN'r 

Siiljuric Acid Content by Specific Gravity.—’VUe specific gravity of sulfuric acid 
increases with its concentration up to .i maximum of l.SdSU at 97.50% HjSO^; 
above this concentration the specific gravity decreases to a value of 1.8391 at 100.0% 
H^SO^. However, the change in specific gravity with increasing composition is 
not very marked above 93.19% (corresponding to sp gr. 1.8354), and, hence, 
hydrometer measurements arc not rccomnicndcd above this value. Specific gratity- 
concemraiion tables for sulfuric acid .appear on pp. 613 through 616. For inteina! 
plant control of sulfuric acid in the range 93-100% HgSO^, a dilution and a hy- 
drometer measurement is often performed ("Dilution Test”). Usually tlie sample 
of strong acid is diluted, under good cooling, with an etjual quantity of water. 
From the specific gravity of the resulting dilute solution, the acid content of the 
original acid can be estimated from composition tables. 

Suf/urfc Acid Content by AlkoUmetric Tilrotfon. Procedure.— By means of a 
suitable tcclinique (sec "Weigliing of VoLullc. Fuming, and Concentrated Aci^." 
above) weigh a sample of H._,S 04 (equivalent to 4.0 to 4.7 g. of 100% H;jS 04 if a 
chamber buret is used, and hence, the volume of I N NaOH consumed will be in 
the range 80 to 95 ml) and transfer to a llO-mni. diameter (#4) porcelain cas- 
serole, containing 150 ml. of freshly boiled ami cooled (CO.^-free) water. Add I 
ml. of 1% phenolphth.deiu solution, and titrate to a permanent faint pink color 
with COj-free I N NaOH. which has been stajidardized to the pheiiolphthalein 
end point, and which, before the titration, has been hrouglit to constant tempera- 
ture, Allow the (chamber) buret to drain and read the volume of NaOH delivered 
Note tile temperature of the NaOH solmioii, and add a correction of 0.00052 ml. 
per milliliter of 1 N NaOH .tdded for cadi degree Ceniigratlc below its standard- 
ization temperature; or suhtr.ict the correction for each degree above. 

Remarks.— The use of a chamber buret is described in foottiote 3, p. 536. Some 
workers, especially for rapid, routine analysis, prefer to dilute an appropriate sam 
pie of the acid to known volume (usually 1000 ml.) with COo-free water, 
use 100 ml. (taken with a pipet or volumetric llask calibrated ‘‘to deliver ) of 
the titration of the total acidity, and further aliquots for other required 
nations (e.g., see the remarks on p. 535). In such a procedure 0.3333 . . ■ N NaOH 
is useful (temperature correction, 0.00025 ml. per milliliter of base per degree 

0 Duecker, W. IV., and West. ] R., eds.. The Mamdacluve of Sulfuric Acid. Reinhold 
Publishing Corp., New York. 1959. especially pp. 434-471. 
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Centigrade). Methyl orange or methyl red may be preferred as the indicator, and 
both indicators may be used in sequence, i.e., titrating to the orange-yellow of 
methyl orange, then adding methyl red, and titrating dropwise to a sharp end 
point marked by a color change of red to canary yellow. Where these indicators 
are used, die possible need for a correction for the carbonate content of the base 
should be noted. Some workers prefer bromphenol blue as the indicator. If 
phenolphthalein is used, any sulfur dioxide present is titrated as a dibasic acid; 
the calculation factors usually given are based on this assumption. With highly col- 
ored samples ("black” acid), 5 ml. of phenolphthalein indicator may be added, and 
the end point color change observed in the foam above the vigorously agitated 
solution. A more expeditious and generally applicable approach is the use of a 
potentiometric end point employing a pH-meter and titrating to the pH of the 
end point in the stanclaidization process for the base. Where the acid contains 
significant amounts of volatile acids or nitrogen oxides, they may be removed by 
partial evaporation of the sample (see determination of sulfuiac acid in mixed 
acid, p. 555), or a correction should be applied following the determination of the 
acidic impurities (see below under "Calculations”). 

Calculations. 


% Total Acidity as H0SO4 

_ (milliliters of NaOH) X (normality of NaOH'l X 0.049039 X 100 

sample weight in grams 

where the volume of NaOH is corrected for temperature. 

If the sample contains a significant amount of other acids, a correction may be 
applied following their separate determination. For example, 


% H2SO4 = % Total Acidity as H.SO^ - (^(HNOa X 0.7782) - (%HCI X 1.345). 


Other Methods jor Determining the Sulfuric Acid Content.— Fialko and Kos- 
tromitin described the application of conductivity measurements for the determi- 
nation of sulfuric acid.io Singer has given cell specifications and a wiring diagram 
for the application of this method to 97.5 to 99.7% HoSO^.ii However, strict 
control of temperature and calibration is necessary, and variations in impurities 
introduce significant errors. The method appears more useful for in-plant con- 
trol. Zimmerman and Brandt and Langmyhr and Skaar 12 liave described spectro- 
photometric methods for the determination, respectively, of 85 to 99% and 80 to 
99.5% H2SO4 employing quinalizarin and I,r-dianthrimide as the chromo^enic 
agents. 

For sulfuric acid of 95.5-100.0% strength, thermometric methods of assay are 
applicable (see further under “Oleum,” p, 554). 


1953^*^'^°’ Kostromitin, L. A., Zavodskaya Lab., 16, 1268, 1950; C. A., 47, 3188, 

ir Singer, M. R., in Manufacture of Sulfuric .4cid, Duecker, AV. W and AVest T R 
eds.. Reinhold Publishing Corp., New York, 1959, 424-425. ' 

i2Znnmerman, E., and Brandt, AV. AV., Talanta, 1, 374, 1958; Langmyhr, F T and 
Skaar, 0. B., Anal. Chim. Acta, 23, 28. 1960. “ ^ 
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DETERMINATION OF RESIDUE ON IGNITION FOR 
SULFURIC ACID 

The determination of the residue on ignition (that is, on heating) is routinely 
conducted in the analysis of sulfuric acid of all grades. The residue is largely 
iron(III) oxide. Crude acid, especially chamber acid, may present considerable 
residue, including substances eniering from die sulfur ore. 

Procedure.— Weigh 50 to 100 ml. of the H2SO4 into a tared platinum or silica 
dish. In a hood, evaporate to dryness by gentle heating, and then ignite to a red 
heat for about 5 min. When no more fumes evolve, allow tlie dish to cool and 
re-weigh it. The difference between the final weight and the tare weight corre- 
sponds to the weight of the residue. 

Calculation. 


, ... [(final dish weight) — (tare dish weight) X 100 

Residue on Ignition = ; — — 

sample weight 

DETERMINATION OF HYDROCHLORIC ACID IN 
SULFURIC ACID 

Where die sulfuric acid contains only small amounts of hydrochloric acid, the 
estimation of the latter may be based on the matdiing of the turbidity produced in 
the sample by the addition of silver nitrate widi that produced in a blank con- 
taining a known amount of sodium chloride. Large amounts of hydrochloric 
acid may be determined by dilution of the acid 10 about 20% and application of 
a conventional Volliard titration (sec Vol. I, p. 329). 

Turbidimetric Determination of Small Amounts of Hydrochloric Acid. Pro- 
cedure.— Into 50 ml. of (clUoride-frce) water, pour a sample of H^SO^ containing 
0.0001 to 0.001 g. of HCl, while cooling in a cold water bath. When the solution 
has cooled to room temperature, transfer to a 100-ml. low-form Nessler lube, and 
dilute to about 90 ml. Prepare a blank by adding to 50 ml. of the water an equiv- 
alent amount of c/ifori'd'e-free (reagent gratfej Coof and transfer to a sec- 

ond Nessler tube and dilute to about 90 ml. To each tube add 5.0 ml. of 1% 
AgNOj solution, and gently mix the coiuenis of each with a ring stirrer. (A^oid 
vigorous stirring which ivill lead to co.igulation and reduction in turbidity, and 
hence low results.) From a buret add a standard NaCl solution (0.1603 g. reagent 
grade NaCl dissolved and diluted to 1000 ml. with chloride-free water) until die 
turbidity almost maiclies that of die sample. Dilute the contents of both tubes to 
100 ml. with water, and continue die addition of NaCl to the blank until the 
turbidities match closely when observed against a black background with lateral il- 
lumination. 

Calculation. 

HCI “ (tnilliliters of NaCl solution) X O.QOQIO X 100 
sample weight in grams 

Remarks.— Some workers prefer to carry out a preliminary determination and 
then to use freshly prepared standards and sample for the actual determination. 

Alternatively, the result may be expressed as percentage of chloride. 
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determination of hydrofluoric ACID IN 
SULFURIC ACID 

Traces of hydrofluoric acid in sulfuric acid may be determined by the method of 
Williard and Winter, a double distillation approach being preferred. (See Vol. I, 
pp. 432-433.) 

DETERMINATION OF NITRIC ACID IN SULFURIC ACID 

The approach adopted for the determination of nitric acid in sulfuric acid, 
which at the trace level is often termed the “determination of nitrogen compounds,” 
depends on the level encountered in the sample and grade. In the case of “mixed 
acid” containing substantial amounts of nitric acid, a titration with iron(II) sul- 
fate to tire appearance of the brown-colored iron-nitroso complex is feasible.^^ 
Trace amounts of nitric acid may be determined colorimetrically via formation of 
tins same complex, or with brucine as the chromogenic agent. 

Titrimetric Iron(II) Sulfate Method for Nitric Acid in Sidfuric Acid.— This 
method is based on the reduction of nitrate (whether “bound" or “free”) in a 
concentrated sulfuric acid medium w'ith iron(Il) to form nitrososulfuric acid: 

HNO3 + 2FeSO.i + 2H2SO4 NOHSO, + Feo(S04)3 + 2HoO 

When the first excess of iron(II) is added, tlie brown-colored iron-nitroso complex 
forms and signals the end point. It is operationally desirable that the nitrate 
concentration in the titration medium be similar to that taken for the standardiza- 
tion of the iron(II) sulfate reagent; this requires a preliminary titration with the 
sample, depending on its nitrate content, taken either as is or diluted. The 
iron(II) sulfate reagent is standardized by the titration of known amounts of 
nitric acid. 

Procedure.— Perform a scaled-down titration after the second and third para- 
graphs of tliis procedure, with the H2SO^ sample, thus determining tlie milliliters 
of standardized FeSO^ solution equivalent to 1 ml. of it. This requires 2 to 3 min. 
Now' dilute a w'eighed portion of the sample rvith (nitrate-free) water so that each 
10 ml. contains from 0.1 g. to 0.8 g. of HNO 3 , and preferably 0.4 g. For example, 
suppose 1 ml. of H.^SO^ sample requires 43.8 ml. of FeSO^ solution; then 10 ml., 
W'hich is the amount to be taken in die final titration, would require 438 ml. 
How'ever, consumption of only 20 ml. of FeSO^ solution is desired in that titration. 
Hence the sample should be diluted 20:438, and conveniently 23 ml. can be diluted 
to 500 ml. Thus 23 ml. of sample are weighed, transferred quantitatively to a 
500-ml. volumetric flask, and diluted to mark ivith water. 

Place a 250-ml. beaker containing 100 ml. of concentrated, nitrate-free (reagent 
grade) H0SO4 (93%-f) in a deep vessel containing cold water. From a pipet, accu- 
rately calibrated to contain exactly 10 ml., deliver 10.0 ml. of the appropriately 
diluted H0SO4 sample (see above) keeping the delivery tip below the sur- 

face and in constant circular motion near the beaker sides in order to avoid local 
heating. 

Now add FeSO^ solution (see below) from a buret in a fine stream until the 
yellow' color that first forms takes on a faint brownish tinge i.e., becomes a dirty 
yellow. Now rinse the pipet by sucking up the mixture and draining it back into 

Bowman, F. C., and Scott, W. '\V., J. Ind. Eng. Chem., 7, 766, 1915. 
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the beaker. Complete the titration by adding the FeSO^ solutioji dropwise undl 
the yellow-brown color reappears. (A drop in excess produces an appreciable 
darkening of the solution; large excess, a brown-red color; small amounts of HNO_, 
may yield only a red color.) 

Preparation and Standardization of Iron(ll) Sulfate Solution.— Dissolve 176.5 g. 
reagent grade FeSO^-THoO in about 400 ml. of water. Add about 500 ml. of 
H2SO4 (60%) i.e., 1 volume reagent grade H2SO4 (96%) with 0.6 volume of water, 
with constant stirring. Dilute the cooled solution to exactly 1000 ml. with water. 
One ml. of this solution will be equivalent to about 0.02 g. HNO3. Determine die 
exact value by running 10.0 ml. of a solution containing lO.O g. HNO3 per 1000 
ml. of solution into 100 ml. of nitrate-free H^SO^ (95.2%) and proceeding with the 
FeSO^ titration after the third paragraph of the above procedure. The grams of 
HNO^ equivalent to 1 ml. of FeSO^ solution = (milliliters HNO3 solution taken) 
X (% (u^/^) solution) — |(tn>llilitcrs of FeSO^ solution required) — 0.2 

ml.]. (The 0.2 ml. correction corresponds empirically to the amount of FeSO^ 
required to produce the desired color reaction in 100 ml. of the HoSO^ medium.) 

Calculation.— For the sample, the percentage of HNO3 is given by: 

(milliliters of FcSO« solution required — 0.2) X F X 100 

(fraction of total sample used in titration) X (sample weight in grams) 

where F is the grams of HNO,, equivalent to 1 ml. of the FeSO^ solution. 

Remarks.— Samples known to contain over 10% HNO3 (mixed acid) should be 
diluted appropriately with reagent grade H»SO| to a definite volume nnd a 10 ml. 
alic^uot taken in die above procedure. Bowman and Scott** establislied the cor* 
rection as 0.2 ml. by experiment. The existence of this correction has been con- 
firmed.** The H2SO4 concetiiration is the major factor afleciing its value; by per- 
forming the titration in an 86 to 91% H^SO^ medium at a temperature not abme 
10®C., the blank becomes negligible. By substitution in the procedure of a 
poientioroetric end point with a platinum-tungsten electrode pair, die correction 
is obviated, and the titration of colored samples is also facilitated.** 

Colorimetric Iron-Nitro Method for Niln’c Acid tn Sii//«ric /fcfd.— A procedure 
for the estimation of small amounts of nitric acid (and associated nitrogen com- 
pounds) in sulfuric acid may be based on tlie color developed on addition of iion(II) 
sulfate. The method is preferred by many workers over a diphenylamine pro- 
cedure (see Vol. 1. p. 748), better selectivity being claimed. 

Procedure.— Into each of two lOO-ml-. tall form Nessler tubes, add 50-60 ml. 
(nitrate-free) reagent grade H^SO^ and 5 ml. of a 10% aqueous FeS04 solution. 
Mix each solution with a glass plunger and cool to 10“ to 15“C. in an iced water 
bath. To one tube add by a pipet 10 to 25 ml. of cooled H2SO4 sample (depending 
on the expected HNO3 content): dilute to 100 ml. with cooled reagent grade 
H2SO4, and mix. To the second tube add dropwise (preferably from a micro buret) 
a standard KNO3 solution (1 ml. equivalent to O.OOOl gram of HNO3) until the 
solution color is close to that of the first tube, and dilute to 100 ml. with cooled 
reagent grade H2SO4 and mix. Now add more KNO3 dropwise, and with mixing, 
until the color developed matches that of die sample tube as viewed against a white 
background illuminated by diffuse light. 

1* lolmson, C. L., Anal Chem . 25, 1276. 1953; McKinne). C. D., Jr.. Rogers, W. H, 
.McNabb, W. M., Anal. Chem.. 19, 1041. 1947, 
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Calculation.— The percentage of HNO3, or of nitrogen compounds expressed 
as HNO 3 , is calculated from the milliliters of KNO 3 solution added, expressed as 
HNO 3 , and the sample weight, which is calculated from the volume and density of 
the sample. 

Remarks.— The procedure is applicable only where selenium is essentially ab- 
sent. The final solution should contain 0.0005 to 0.005 g. of HNO3, and be 90 to 
100% in H.^SO^. This latter condition should be considered in the analysis of 
weaker concentrations of sulfuric acid. The method can be adopted for use with 
a filter photometer with the use of a filter transmitting in the region 525 m/Li; the 
result is read from a standard curve.^® 

Photometric Brucine Method for Trace Nitric Acid in Sulfuric Acid.— The yellotv 
color produced by brucine in a sulfuric acid solution with nitrate (or nitrite) per- 
mits the photometric determination of nitric acid in sulfuric acid.^** 

Procedure for 93-99% HoSO^.— To 9.0 ml. of demineralized water (passed 
through a mixed bed of ion exchange resin) in a 125-ml. conical flask, add 1.0 ml. 
of brucine sulfate solution containing 0.60 g. per 100 ml. of water (the solution 
is stable for at least one week; brucine is quite toxic). Now add rapidly, and with 
vigorous swirling, 20.0 ml. of the H^SO^ sample (93-99% H^SO^). Allow to stand 
e.xactly 1 min., and cool in a water bath for 2 min. 

Transfer the solution to a cuvet. Fill a similar cell with a cooled mixture of 
10.0 ml. of water and 20.0 ml. of the H^SO^ sample (93-99%); this serves as the 
blank. Measure the absorbance in a filter photometer using a blue filter. The 
nitric acid content of the sample can be read from an appropriate standard curve 
prepared with HoSO^ of a concentration similar to that of the sample by addition 
of known amounts of KNO3. 

Modified Procedure for 78% H^SO^.— Pipet 1.0 ml. of the brucine sulfate solu- 
tion into a 125-ml. conical flask, and add 9.0 ml. of reagent grade HoSO^. Now 
add 20.0 ml. of the H^SO^ sample (78%) rapidly and with vigorous swirling. Heat 
until the temperature definitely reaches 118“ but does not exceed 120“C. Then 
cool in a water bath for 2 min. Transfer the solution to a cuvet. Fill a second 
cell with a cooled mixture of 1.0 ml. of demineralized water, 9.0 ml. of reagent 
grade H2SO4, and 20.0 ml. of the H0SO4 sample (78%). Proceed with the photo- 
metric measurement as given above. Determine the HNO3 content of the reagent 
grade sulfuric acid employed by the “Procedure for 93-99% H^SO^,” above, and 
correct the result appropriately for the 9 ml. used. 

Remarks.— Nitrite (nitrosylsulfuric acid) yields about one-third the absorbance 
of nitrate in the brucine procedure. Nitrite may be removed by treatment of the 
H2SO4 sample with sodium azide, sulfamic acid, or urea. Chlorate, hypochlorite 
and persulfate interfere, yielding yellow or red colors. Titanium reacts with 
brucine to form a pink color, and perchlorate is precipitated by this reagent. 

determination of SULFUROUS ACID (SULFUR DIOXIDE) 

IN SULFURIC ACID 

Sulfur dioxide may be estimated in sulfuric acid by an iodimetric procedure. 

Procedure.— To 300 ml. of cold water add a sample of the sulfuric acid contain- 
ing 0.001 to 0.05 g. of 50.3. Add some starch indicator and titrate with standard 

“Swann, M. H., and Adams, M. L., Anal. Chem., 28, 1630, 1956. 

“Based on a procedure of General Chem. Div., Allied Chem. Corp.; see also Boltz, D F 
colorimetric Determination of Nonmetals, Interscience Publishers, Inc., New York’ 105a’ 
i-id-4 and 151-2. ’ ’ 
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0.1 N iodine to die first permanent blue color. Where large amounts of SO are 
present, add almost the required amount of iodine to the water before die sample 

Calculations. 

^ (milliliters of iodine) X (normality of iodine) X 0.03203 X 100 

% SO2 = , . , . . 

sample weight m grams 

For the percentage of H2SO3. die (actor is 0.04104. 

Remarks.— Where the procedure is applied to a high-strength oleum (about 
40% free SO3 or greater), the weighed sample should be mixed widi 2.5 to 3 times 
its own volume of reagent grade H^.S04 before the addition to tvater; a blank for 
this H2SO4 is determined separately and deducted. 

DETERMINATION OF ARSENIC IN SULFURIC ACID 

The determination of traces of arsenic in sulfuric acid (less than 0.005%) is usu- 
ally accomplished by the Cutzcit method, a preliminary distillation being recom- 
mended wJiere the arsenic content is less than 0.00005%. Large amounts of arsenic 
may be determined iodimctrically. 

lodimetric Determination of Arsenic in Sulfuric Acid.— Where die arsenic con- 
tent of the sulfuric acid sample is greater than about 0.05%, reduction and direct 
titration with iodine solution is feasible. The procedure is ghen in Vol. 1. p. 108. 
Wheie antimony is present in substantial amounts, arsenic must be previously sepa- 
rated by distillation as AsCI^ (sec Vol. 1. pp. lOS and 110). 

Trace Arsenic in Sulfuric Acid by the Gutzeit and Silver Diethyldithiocarbamate 
Methods.—The Gutzeit mcdiod has long been applied to die determination of 
trace arsenic in sulfuric acid. The general procedure given in Vol. I, pp. 118-124, 
is directly applicable, with the special considerations noted on p. 122. In die use 
of the Gutzeit method for die purity grades of sulfuric acid, it is desirable to con- 
sult the information on this method given in Official Methods of A. O. A. C., Re- 
agent Chemicals, and the U. S. Pharmacopeia. Precision and accuracy can only 
be secured in diis method by maintaining as closely identical conditions as possible 
for each unknown, standard, and blank. The silver diethyldithiocarbamate photo- 
metric finish to the (Gutzeit) evolution of arsine is promising as the sensitivity is 
high, and the standard curve is reproducible from run to run. (See Vol. I, pp- 
135-137.) 

DETERMINATION OF ANTIMONY IN SULFURIC ACID 

If antimony is present in significant amounts it must be separated from arsenic 
as a preliminary step to the Gutzeit determination of arsenic (see Vol. I, pp- 118“ 
119). The antimony remains in the still, and may subsequently be evolved by add- 
ing zinc dissolved in concentrated hydrochloric acid. The antimony in the dis- 
tillate is then determined by a modified Gutzeit mctliod (see Vol. I, pp- 102-105). 
However, doubt has been cast as to whether satisfactory recoveries are obtained in 
the evolution of under 10 ng. of antimony.^^ 

17 Vasdk, V.. and Sednee, V., Chem. listv, 46, 341, 1952; Collection Czechoslovak Cliem. 
Communs., 18, 64, 1953; see also Dubois. L.. and Moukman. T. L.. Am. Ind. H)giene Assoc. 

J , 22, 292, I9GI. 

18 See literature cited, Sandell. E. B., Colorimetric Determination of Traces of Meiais. 
Inteisdence Publishers. Inc, New Yoik, 3rd EcL, 1959, 257. 
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determination of selenium in sulfuric acid 

Laro^e amounts of selenium are seldom encountered in sulfuric acid in the con- 
temporary period (if they were present, they could be reduced and weighed as ele- 
mental selenium). Formerly trace selenium was determined turbidimetrically; how- 
ever, the method has poor sensitivity and reproducibility. The introduction of the 
highly selective chromogenic agent S.S'-diaminobenzidine has now afforded a highly 
satisfactory photometric procedure for selenium in sulfuric acid.’-'* 

Photometric Determination of Selenium.— In a 100-ml. glass-stoppered, borosili- 
cate conical flask, dilute and neutralize the weighed H^SO^ (1 g. of concentrated 
H.,S 04 or an equivalent amount of other sulfate-containing sample) with 5 M 
NaOH. Add 30 ml. of 20% NH^Cl solution and dilute with water to 50 ml. Add 
2 ml. of 2.5 M formic acid, and then 2 ml. of a 0.5% solution of 3,3'-diamino- 
benzicline (prepare tliis solution every few days and store in a refrigerator). If 
necessary, add further formic acid to adjust to pH 2 to 3. Allow the solution to 
stand 3 to 4 hrs. at room temperature, adjust to pH 6 to 7 with 7 M aqueous NH 3 
(about 0.5 to 0.6 ml.). Add exactly 10 ml. of toluene, and shake vigorously for 30 
sec. Separate the organic phase after a few minutes, and measure the absorbance 
at 420 m/i against a reagent blank prepared by employing selenium-free sulfuric 
acid in place of the acid sample. Calculate the selenium content from a calibration 
curve prepared by carrying known amounts of selenium through the procedure. 
Beer’s law is obeyed at least in the region 5 to 25 /tg. of selenium per gram of sul- 
furic acid. For samples extremely low in selenium, a larger sample may be taken, 
but a new calibration curve should be prepared since the sulfate concentration in- 
fluences the color development. 

Remarks.— At the low level, if high blanks are encountered, the trace selenium 
content of the toluene should be checked; further, it should be appreciated that 
some glass may contain sufficient selenium so that an erroneous result may be ob- 
tained. 


DETERMINATION OF LEAD IN SULFURIC ACID 


Large amounts of lead, which may enter sulfuric acid through contamination, 
may be determined gravimetrically as lead sulfate or lead chromate. Lead in trace 
amounts (0.005% or less) is determined photometrically, usually by a dithizone 
procedure. 

Gravimetric Determination of Lead Contamination in Sidfuric Tcid.— The two 
common approaches to the determination of large amounts of lead in sulfuric acid 
follow classical procedures and need only brief description. 

Lead Sulfate Procedure.— Dilute the weighed H 2 SO 4 sample (93%-|-) with an 
equal volume of water. Add to the cooled solution double its volume of etlranol. 
Allow to stand 2 hr. or more. Separate the PbSO^ precipitate on a tared Gooch 
crucible, wash with ethanol, dry, ignite to a dull red heat, and reweigh. Express 
the gain in weight as percentage of lead in the original sample. (See also Vol. I, 
p. 560.) 

Lead Chromate Procedure.— Ignite the weighed HoSO^ sample and extract the 
residue with ammonium acetate solution. Make the extract acidic with acetic 
‘tcid, and precipitate PbCrO^ by addition of a slight excess of K 2 Cr 20 .f solution. 


Ueno, K., Anal. Chem., 30, 1370, 1958; 
’ Lheng, K. L., Chemist-Analyst, 45, 67, 1956. 


Cheng, K. L., ibid., 28, 
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Dry ai)d weigh the separated precipitate, and express the result as percentage o[ 
lead in the original sample. (See also Vol. 1, p, 562.) 

Photometric Determination of Traces of Lead in Sulfuric Acid.— A con\entional 
dithizone procedure is usually applied to die determination of small amounts of 
lead in sulfuric acid (see Vol. I, pp. 569-572 and 610-612). Often a volume of the 
(concentrated) sulfuric acid sample containing 10 to 70 /ig. of lead is pipetted Into 
50 ml. of water and the resulting solution (or an aliquot) is used in the dithizone 
procedure. For a high purity acid or an oleum, a sufriciently large sample to pro- 
vide a similar amount of lead is fumed to a volume of about 5 ml. (this also re- 
moves excessive amounts of sulfate); after cooling, the tonceiitraie is added slowly 
and with continual Stirling to 50 ml. of water. Higlily colored (black) acid or 
oleum should be reduced inUially to fumes with the addition of crystals of pous- 
sium nitrate until the color is discharged. If lead sulfate precipitates on the direct 
dilution of a sulfuric acid, a smaller sample or a further dilution should be em- 
ployed, or an initial fuming step. 


DETERMINATION OF ‘'HEAVY METALS" IN SULFURIC ACID 

In the manufacture of high purity gr.ulcs and pharmaceutical grade mineral 
acids (bases, and salts), a so-c.dled "heavy metals" method has long been applied, 
cither as a limit test, or a turbidimctric dctcmiin.ition. In the usual meaning, die 
term "heavy metals" here denotes the precipitation of the metals of tlie hydrogen 
sulfide group under specified conditions (now often acetate medium, pH 3 to 4} 
and expression of the result In terms of the equivalent amount of lead tin'll gives 
the same result in the test or determination. 

Procedure.*®— ^Vcigh an appiopriatc sample (20 g.) of HoSO^ (or other mineral 
acid) containing 0.01 to 0.05 mg. of "heavy metals" into a dish or beaker. Add 
10 mg. of anhydrous NaXO^ dissolved in a little water, and evaporate almost to 
dryness. Tiicn add 1 ml. of concentrated and evaporate to diyncss. Take 

up the residue in 20 ml. of metal-free w.aicr, add 1 drop of phenolphilialein indi- 
cator solution and neutralize with 1 A' NaOH. Add 1 ml. of 1 N acetic acid and 
10 ml. of freshly saturated water, and dilute to 40 ml. with water. Compare 
the color developed wiiii that of stand.irds containing 0 to 0.05 mg. of lead (as 
the nitrate salt) and die same c^uaiititics of reagents as the sample residue. As a 
piiotomeiric procedure compare the unknowns and standards against water using 
a blue hiter. Express the result as 


% Heavy Metals as Lead 


(milligrams of Pb in standard matching the sample) X 0-10 
sample weight in grams 


Remarks.— Various heavy metals tests and determinations have been described 
employing, for example, sulfide precipitation from an ammoniacal tartrate medium 
or an extraction (with dithizone). Possibly die results of such methods should be so 
designated so as to differentiate them from the classical "heavy metals" procedures. 
With process liquors containing large amounts of inert salts, it may be necessary 
to add a similar conceiitratioii of salts to the standards to obtain meaningfu 
results. Further, In the general concept of the test, vvliere the color shade (uot 
intensity) developed by the unknown departs markedly from that of tlie le-' 

20 For modification of this procedure for diverse substances and solutions, 

U. S. Pharmacopeia and Aineiican Chemical Society, Reagent Chemicals— 19C0, »' 
inglon, D. C., 1961. 
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standards, it is appropriate to employ standards based on addition of lead to a 
solution of the sample. 

DETERMINATION OF IRON IN SULFURIC ACID 

Iron in large amounts in sulfuric acid (i.e., 0.02% or more) is usually determined 
via classical separation as iron(III) hydroxide, re-solution in hydrochloric acid, 
reduction with tin(II) chloride, and titration with potassium dichromate to the 
diphenylaniine or barium diphenylaminesulfonate end point (see Vol. I, pp. 542- 
544). If antimony or arsenic is present in substantial amounts, they are removed 
by a prior acid sulfide separation. Trace amounts of iron are determined by a 
colorimetric thiocyanate procedure. 

Determination of Trace Iron in Sulfiiric Acid.— The classical thiocyanate colori- 
metric metlrod for irou(III) is commonly employed (see Vol. I, p. 552). Visual 
comparison or a filter photometer may be applied, depending on the sensitivity 
required. 

Visual Comparison Procedure.— Add a weighed HoSO^ sample (about 5 g.) to 
10 ml. of water in a small beaker. (If any iron or iron-containing dust is in sus- 
pension, heat to dissolve it.) Pour the cooled solution into a 100-ml. Nessler tube 
with water-rinses. Add 0.1 N KMnO^ dropwise to the appearance of a faint red 
color, and then 10 ml. of a 10% aciueous NH4SCN solution. Mix and dilute to 
100 ml. with water. To prepare the standard, treat 5 ml. of iron-free H^SO^ in 
the same manner as the sample, in a second Nessler tube. Then, while agitating 
with a glass plunger, add a standard iroti solution until the color matches that of 
the sample tube. (If the iron standard contains 0.00005 g. of iron per milliliter, 
each milliliter of it will represent 0.001% iron in the final solution.) 

Remarks.— Some workers prefer to add initially 10.00 ml. of HoSO^ to 30 ml. of 
water in a 150-ml. beaker. Then 10 ml. of concentrated HCl are added, and the 
solution is boiled for 3 min. to ensure complete solution of any iron-containing 
dust. After cooling, the solution is diluted exactly to 250 ml. Aliquots of this 
solution are then taken for the visual comparison procedure. The addition of 
HCl alters the color of the comple.\ formed from red-brown to red, which may be 
easier to match. 

Photometric Procedure.— Transfer an appropriate H2SO4 sample (2 to 5 ml. of 
or equivalent weight) to a 100-ml, volumetric flask containing about 50 ml. 
of w’ater; cool to room temperature, add 0.1 N KMn04 dropwise to the appearance 
of a faint pink color, and 20 ml. of an aqueous NH^SCN solution (149 g. per 
liter), and dilute to mark with water. Prepare a reagent blank making the same 
addition of reagents but substituting iron-free H0SO4. Within 5 min. of the final 
mixing, measure the absorbance of the sample against the reagent blank, preferably 
with the use of a blue filter (425 mju), or wdth a green filter (525 m/i). Read the 
result from a standard curve obtained by the use of standard solutions prepared 
m the manner of the sample but substituting iron-free sulfuric acid of similar 
concentration, and adding 0.0, 1.0, 3.0, 5.0, and 10.0 ml. of a standard Feo(S04)o 
solution (1 ml. = 0.000025 g, of iron). 

Remarks.— The absorbance deviates from Beer’s law, and hence, the standard 
solutions should closely simulate the sample preparation, especially in the NH4SCN 
concentration, and approximately in H.2SO4 content. If organic matter is present 
m the sample that is not decolorized by the gentle KMn04 treatment, treat the 
sample successively with the following reagents, and fume or evaporate between 
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eacli addition: HNOg; HNOg-KClOg; water; 1:1 HCI; and 1:1 HoSO^. Heat the 
final HoSO^ solution to expel HCI, cool, and employ it in the procedure. For 
extremely small amounts of iron, a spectrophotometric procedure should be sub- 
stituted with the absorbance measured at about 485 m/t; however, a 1,10 phe- 
nanthroUne procedure may be preferred, as Beer’s law is followed more closely 
(See Vol. I, p. 553.) 

Some workers prefer thioq’anaie procedures for routine use, employing KSCN 
rather than NH^SCN, and sometimes secure increased sensitivity by the addition 
of an organic solvent. (See Vol. I, pp. 552-3.) 2"* 

As dust (especially fly ash) contains substantial amounts of iron, it is imperatite 
that all glassware be carefully cleaned and protected from dust, and that the orW- 
nal plant sampling of the acid be conducted under dust-free conditions; otherwise, 
the analytical result may not be representative of the manufactured acid. 

DETERMINATION OF ZINC IN SULFURIC ACID 

Large amounts of ziirc iu sulfuric acid may be determined gvavimetrically as 
zinc oxide. Additional approaches include a precipitation titration with feno- 
cyanide (see Vol. I, pp. 1233-1239) and a chelometric titration with EDTA.U 
Small amounts of zinc are determined turbidlmetrically as zinc ferrocyanide. 

Gravimetric Detemiiiiation of Lnrge Amounts of Zinc in Sulfuric /ind.— Large 
amounts of zinc may be determined by the acid sulfide separation of copper, lead, 
etc. followed by precipitation of zinc sulfide from ammoniacal medium, ignition of 
the waslicd precipitate, then weighing as zinc oxide. 

Procedure.— In a platinum or silica dish, fume 200 g. of the H 2 SO 4 sample (or 
other appropriate wciglit) to a volume of 2 to 5 ml. Add some water, neutralized 
with aqueous NHj, and add suIHciem dilute H^SO^ to make 0.2 to 0.5 N in free 
acid. Pass gaseous HgS, and separate the sulfide precipitate by filtration (test for 
complete precipitation in the filtrate). Separate iron from the filtrate as iron(lll) 
oxide by oxidation with bromine and addition of NHg and NH 4 CI. Precipitate 
ZnS from the resulting filtrate made .acid with formic acid by die passage of HjS. 
Separate the precipitate in a tared Coocli crucible, wasli, ignite to ZiiO, and weigh. 
Express the increase in weight as percentage of Zu in die original sample. 

Remarks.— For additional information on this mediod see Vol. I, p. 1231. The 
heavy metal separation can probably be m.ide "cleaner" by the use of thioaceta* 
mide.2* 

Turbidimetric Ferrocyanide Determination of Traces of Zinc in Sulfuric Acid.-' 
The usual procedure involves a visual comparison of the turbidity developed with 
ferrocyanide. 

Procedure.— In a silica dish, evaporate an appropriate H^SO^ sample (25 to 50 
ml.) to dryness. Treat the residue with concentrated aqueous ammonia and 
NH 4 CI solution. Filter off the iron(lll) hydroxide precipitated. Neutralize the 

soaAlso see Sandell, E B., Colorimetric Detenninatiou of Traces of Metals, 3id Ed, 
Inteisdence Publishers. Inc. New York, 1959. 524-57. .. . 

21 The rapid determination of zinc in viscose spinning liquors contairung Na 2 -'t ^4 
H 2 SO 4 is of importance in the control of rayon production. An EDTA titrauon s 
appiopriate. See Saito, M.. Nagamura, S., and Ueno, K., Chemist-Analyst, 47, 

22 Flaschka, H.. and Jakobljesich. A.. Anal. Chim. Acta. 4, 247, 1950: see 

and Anson. F. C., in Advances in Analytical Chemistry and Instrumentation. C. IN. Ken j. 
ed., Vol. 1, Inieiscience Publishers. Inc., Netv York, 19C0. 293-345. 
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filtrate with 96% zinc-free HoSO^ and add 10 ml. in excess. Now add a potassium 
feiTocyanide solution so that the solution is about 2.5% in this salt. Compare the 
turbidity developed with diat of standards. (See also Vol. I, p. 1240.) 

DETERMINATION OF COPPER IN SULFURIC ACID 
Copper in small amounts in sulfuric acid is determined colorimetrically. For 
routhre control, the color of the copper(II)-ammine complex (or of a copper-amine 
coiiiple.x) may be evaluated either by a visual comparison procedure or by the use of 
a filter photometer. Where greater sensitivity is required, such chromogenic agents 
as diediyldidiiocarbamate and 2,9-dimethyl-l,10-phenanthroline (Neocuproine) are 
applicable.-^ 

Visual Comparison and Photometric Procedure.— Evaporate an appropriate 
amount of the HoSO^ sample (25 to 50 ml.) to dryness. Take up the residue in 
100 ml. of water and add 2 ml. of copper-free (reagent grade) HCl. Precipitate the 
copper by passage of H^S gas or boiling with thioacetamide. Dissolve the washed 
precipitate in HNO 3 and make the solution ammoniacal with concentrated 
aqueous ammonia. Match the blue color developed against that of similarly pre- 
pared standards containing known amounts of copper. Alternatively, employ a 
filter photometer and a filter transmitting in the region of 620 m^. 

Remarks.— A polyamine may be substituted to advantage. Triethylenetetramine 
(i.e., trien) and tetiaethylenepentamine (i.e., tetren) are appropriate, using a filter 
transmitting in the region of 625 to 650 m/r; nickel and cobalt do not interfere be- 
cause of die improved sensitivity.--^ (See also Vol. I, p. 408.) 

DETERMINATION OF NICKEL IN SULFURIC ACID 
In the application of purity grades of sulfuric acid (and of certain other mineral 
acids) in the electronics industry, contemporary interest exists in the trace nickel 
content. This may be estimated by spectrographic analysis (see page 552) or by a 
sensitive spectrophotometric method following an evaporation of a large sample 
(with sulfuric acid added in the case of odier mineral acids). Some workers favor 
a diniethylglyoxime procedure with a chloroform extraction step in which iron(III) 
is masked by citrate and a subsequent oxidation (see Vol. I, pages 64, 178, 420, and 
613). An a-furildioxime procedure also offers good sensitivity and selectivity (with 
iron masked by citrate in the chloroform or o-dichlorobenzene extraction step) 
without an oxidation step.^s 

DETERMINATION OF THE WATER CONTENT 
OF SULFURIC ACID 

Where of interest, the water content of sulfuric acid (as well as of nitric, hydro- 
fluoric, and hydrochloric acids) may be determined by a Karl Fischer titration, usu- 
ally after neutralization of the acid with pyridine.-® 

-aSandell, E. B.. Colorimetric Determination of Traces of Metals, Interscience Publish- 
ers, Inc., New York, 3rd Ed., 1959, 442-453; see also Vol. I, 407-410. 
er Grumpier, T. B., Anal. Chem., 19, 325, 1947; Williams, L. H., Analyst, 75, 425 1950 
-- Taylor C. G., Analyst, 81, 369, 1956; Gahler, A. R., Mitchell, A. M.. and Mellon' 
G., Anal. Chem., 23, 500, 1951. 

Smith, D. M., Aquametry, Interscience Publishers-, Inc., New 
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SPECTROGRAPHIG DETERMINATION OF IMPURITIES 
IN SULFURIC ACID 

With the increased interest in mineral acids of high purity for use in the elec- 
tronics and nuclear industries, the determination of elements present in trace 
amounts has received attention. Spectrograpliic methods are applicable and afford 
the advantage of simultaneously recording many impurities. By a preliminary 
concentration, determinations of impurities even at the level of 0.1 p. p. m. or less 
may be accomplished. Sulfuric acid may be analyzed spectrographically for Al, 
Fe, Cu, Sb, Pb, Ni, Ag, Au, Mn, Mg, Ca, Si, and Sii by the following procedure. 

Spectrograpliic Procedure.— By weight or volume lake a 100-g. sample of 
H-iSO^. Place it in a plaiimiin dish, add 0.5 ml. of HNOg and evaporate in a dust- 
free atmosphere to a volume of about 10 ml. Add 100 mg. of spectrograpliic grade 
graphite powder as a collector, and evaporate to dryness. \Veigh a 10-mg. portion 
of tliis residue and transfer it to a preformed ^4-5n. graphite electrode, liavlng a 
Va by Tic-iu. crater. Excite the sample in a direct current arc under appropriate 
conditions, e.g., 10 amp. for 90 sec. Excilc commercial spectrograpliic standards 
prepared in graphite (0.1 to 0.0001% in the element) under the same conditions 
All plates should be developed under identical conditions and the line densities 
compared (in the calculations, take account of the tliousandfold concentration 
of the sample). The sample size may be adjusted depending upon the degree o( 
concentration required for the detection and determination of the element of 
interest; the use of composite s.implcs often leads to more representative results. 

ANALYSIS OF REAGENT GRADE SULFURIC ACID 

For information on the spccincatioiis and recommended procedures for the 
analysis of reagent grade sulfuric acid, relevant monographs should be consulted.^' 

OLEUM AND “MIXED ACID’' 

The terms oleum and fuming sulfuric acid are given to (concentrated) sulfuric 
acid containing "free" sulfur irioxidc. Oleum is offered in various strengths 
ranging from 10 to 70% free SO3 (also termed % oleum). Common strengths 
offered in tonnage quantity include 20, -lO and 65% oleum (i.e., 1Q4.5, 109.0, and 
114.6% H2SO4). Nitric acid is added, on retjuest, by some producers to oleum 
(usually that of 40% free SO3) often to the extent of 3 to 6% to prevent freezing 
in winter months. Re.igent grade fuming sulfuric acid, meeting American Chemi- 
cal Society specifications, is available in three strengths, namely, 15-18, 20-23, and 
30-35% free SO3. Sulfur trioxide (99% SO3 minimum) is available in a stabilized 
form, “Mixed acid” or "nitrating acid” are common designations for mixtures of 
concentrated sulfuric acid or oleum witli nitric acid and the common commercial 
strengths, expressed as %, HNO3 and % H,.SO^, include the following- 85, 12; 
80, 15; 60, 38; 45, 53. 

The conventional chemical analysis of the composition of oleum and mixed acid 

2T American Chemical Society, Reagent CheniicaU— 1960, Washington, D. C., 1961; 

J., Reagent Chemicals and Standards. D. Van Nostrand Co., Inc., Princeton, ^ew 
4th Ed.. 1961; British Drug Houas Ltd. and Hopkin & Williams Ltd., Analar , 

for Laboratory Chemicals, London, 5th Ed., 1957; Cheniapol, Czechoslovak . 

Standards. 2nd Ed., Vol. I, Prague, i960; Japanese Industrial Standards Handbook, Keag 
Chemicals. Nippon Kikaku Kyokai, Tokyo, 1961. 
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is based on the determination of the total acidity expressed as % H2SO4 and the 
determination of total sulfuric acid content after volatilization of nitric acid. Both 
determinations are based on alkalimetric titrations (with a temperature rise method 
as an alternative for simple oleums). For oleum, a correction is applied for the 
sulfur dioxide content after its separate determination. The free sulfur trioxide 
content and total nitric acid (or N^Og) content may be then established from these 
results by stoichiometry or may be separately determined. Variations and alter- 
natives to this approach are noted as remarks to the following procedures. 

TOTAL ACIDITY OF OLEUM OR MIXED ACID 
(TITRATION METHOD) 

Procedure.— By use of a Defy tube or weighing buret, with the techniques 
given on pages 535-9, add a weighed sample of oleum or mixed acid (suffi- 
cient to neutralize 80-95 ml. of 1 N NaOH, that is, equivalent to 3.9-4.7 g. of 100% 
TiSO^) to 150 ml. of cold water in a glass-stoppered conical flask or bottle. Seat 
the stopper and agitate the contents. Allow the solution to cool. Titrate dre total 
acidity with 1 N NaOH in the manner described for HoSO^ (page 540). The % 
Total Acidity as H0SO4 = (ml. of NaOH, corrected for temperature) X (normality 
of NaOH) X 0.049039 X 100 ^ (sample weight in g.). The % Free SO3 (uncor- 
rected) = 4.4441 X (% Total Acidity as H3SO4 — 100.0). 

Remarks.— The result must be corrected for other acids present to obtain the 
"true” H2SO4 content or “true” free SO3 content. (See further under the calcu- 
lation of the composition of oleum and mixed acid.) With mixed acid and oleum 
of large free SO3 content, the sample is expediently weighed in a sealed ampoule 
or bulb (see page 538 for this technique). The bulb is broken, best by violent 
shaking, under the surface of the major portion of the NaOH with added water 
required in the titration placed in a glass-stoppered flask or bottle. 

For rapid, routine analysis, it is expedient to drown a large sample of the oleum 
or mixed acid by the following technicpie: A 6-in. glass funnel is suspended from a 
ring stand over a 1000-ml. volumetric flask and its tube is extended by a short sec- 
tion of rubber tubing and glass tubing so that it reaches to the bottom of the flask. 
4 he funnel outlet is closed by a clamp in the rubber connection (or alternatively by 
a small stopper fastened to a small glass rod positioned in the apex of the funnel). 
The funnel is filled with water and about 50 ml. of water run into the flask by 
opening the closure briefly. The acid sample is pipetted into a tared weighing 
bottle and weighed. The bottle is then inverted under the water in the funnel 
and the bottle stopper removed slorvdy by glass-tipped forceps. When all the acid 
has poured out, the stopper is removed and left in the water and the bottle is 
sloshed until all fumes are absorbed. It is then allowed to fill with water. The 
bottle and its stopper (and the tongs) are then removed from the funnel with 
water rinses. The contents of the funnel are allowed to drain into the flask 
followed by water rinses. The solution is diluted to mark with water and mixed. 
Portions (100 ml.) of this solution are then employed in the titration of the total 
acidity and of the total sulfuric acid content. Portions may also be used for the 
determination of various impurities in the original sample, where this information 
is of interest to the analyst. 
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TOTAL ACIDITY OF OLEUM (TEMPERATURE RISE 
METHOD) 

Procedure.— Measure ml. of standard D into a graduated cylinder of capacity 
C ml. (dry or wet with the standard) as follows: 



Standard {B) 

Afl. of 

Capacity of 

Sample, 

standard 

cylinder. 

% HaSO^ 

nature, % H2SO4 

taken (-1) 

ml (C) 

95.5-100.0 

104.5-105 

50 

50 

100.4-106.0 

93.19 (66* Be) 

50 

50 

>105.0 

93.19 (66* Be) 

150 

250 

Transfer to the Dewar flask (silvered, pear-shaped, 

250-niI. cap.icity, mounted 


wooden box with niincr.nl wool packing and with t!ic neck protruding about 0 5 
inch through a sheet lead cover to the box). Insert the thermometer (—5* to 220'F., 
1* divisions, c.tlibratcd) atid record the temperature as Ty Measure 50 ml, of the 
sample into a separate 50-ml. gnuluated cylinder (which has been first rinsed with 
the sample): with the same thetmometer (washed wiili water and wiped dry), meas- 
ure and record the temperature as T.,. Read the temperature in both caws with 
the mercury column immersed in the liquid since the heat of reattion of the acid 
with atmospheric moisiutc may give a false value. Tlic temperatures and Tj 
should be in the range 75-90*F. (or 80-90*F. for> 105% H0SO4. Transfer the 
thermometer to the Dewur flask and pour the sample into this flask. With the 
thermometer bulb immersed in the mixture and touching the flask bottom, mix 
the contents by gentle shaking and swirling for 60 seconds. Record the observed 
temperature as Tj. 

CaUxdations and /Jemnrftj.— The n^cthod is tJOt applicable to oleums containing 
nitric acid and is unreliable for total acidities between 100.0 and 100.4% H2SO4 
(and a titration should be here applied). The temperature rise R is obtained 
from the experimental temperatures from the equation R = T) — -f Pj)* 
where equal volumes of the sample and standard arc taken; for >105.0% 
the equation takes the form « =T, - W(37'i + Tm). The % Total Acidity is 
then calculated from tables or grapliical plots based on samples and standards 
of known composition as establislicd by precision alkalimctric titrations. Stand- 
ards should be checked from time to time against the established tables or plots. 
The calibration strictly applies to a given Dewar fl.ask; however, it may prove 
to be suiBciently exact for Dewar flasks of die same manufacturer, especially if 
selection is based on actual performance or by comparison of tlie heat trans- 
fer properties by placement of a standard heat source in the various flasks. For 
the indicated size Dewar flask and the above procedure, die calibration for the 95.5- 
IflO-0% H0SO4 range should possibly cover the temperature rise in *F. of 0‘’-53“; 
for 100.4-106.0% H^SO^, 8'’-76*; for >105%, HnSO^, 37"-136“F. The % Total 
Acidity can, of course, be expressed as % SO3. 

Diverse methods have been reported for the determination of tlie free sulfur tri- 
oxide content or total acidity of oleum including titrations with water to thermo- 

28 Procedure, courtesy. E. I. DuPaixt de Nemours 8: Co., Inc., based on 
J. Soc. Chera. Ind., 29, 3. 1910. and Curtis, R., and Miles, F., ibid., 39, 64. 1920. 
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metric or potentiometric end points, precision calorimetry on the addition of 
water and various physical measurements including density and viscosity. How- 
ever, such methods appear not to have received widespread, routine application.^^ 
Measurement of the specific conductivity is suitable for at least 18-23% oleum, 
but close control of the temperature is imper-ative and variations in impurity may 
be a serious source of error.-'* Conductometry has also been proposed with close 
thermostatic control of temperature for the establishment of the composition of 
mixed acids in terms of sulfuric acid, nitric acid, and water; however, the results 
are about 5% lower for the water content than the value derived by the conven- 
tional diemical analysis.^** 


TOTAL SULFURIC ACID IN OLEUM OR MIXED ACID 

Procedure— By the use of the Dely tube or other suitable technique (see pages 
535 through 539) establish a sample of the oleum or acid requiring 80-85 ml. of 
1 N NaOH in the titration of total H2SO4 and run under 45-50 ml. of cold water. 
Evaporate die solution on a steam bath, thus expelling volatile acids, oxides of 
nitrogen, and nitric acid, with the aid of a gentle stream of filtered, preferably 
warm air, to the first signs of darkening (due to charring of organic matter present 
in die sample or dust particles from the air). Check for the removal of nitric acid 
by removing the dish from the bath and sniffing the air over tlie dish. If acid is 
noted, continue the evaporation further.**^ Rinse down the walls of the dish with 
5 ml. of water and evaporate as before. Titrate the total sulfuric acid with 1 N 
NaOH in the manner described for sulfuric acid (page 540). The % Total 
H.jSO^ = (ml. of NaOH, corrected for temperature) X (normality of NaOH) X 
0.049039 X 100 (weight of sample in grams). 

Remarks.— Since the evaporation in the above procedure is tedious, the deter- 
mination of total sulfuric acid should be started as the first step in the conven- 
tional analysis of an oleum or a mixed acid. The reproducible, yet complete 
volatilization of nitric acid without loss of sulfuric acid in the evaporation of 
mixed acids has often been questioned. In one study the loss of sulfuric acid 
was found to vary from nil to 0.02% total As an alternative to evapo- 

ration of nitric acid, its destruction with formaldehyde has been proposed: 


3HCHO + 4HNO3 4NO + 3CO2 + 5H2O 


Any formic acid also formed is volatilized as its methyl ester by the addition of 
methanol. 'The sulfate is dten titrated in hot solution with barium acetate to a con- 
ductometric end point with a claimed reliability of 0.1% H0SO4. The presence 
of propanol increases die sharpness of the end point.^a 


=9 For summary of literature, see IM. R. Singer, in The Manufacture of Sulfuric Acid 
\\K, and West, J. R., Reinhokl Publishing Corp., New York, 1959, pages 423-^ 
k6; for the conductivity method, circuitry and a ceil design are presented. 

7 - 999 Chaverou, M., Mem. 'Poudres, 41, 423, 1959; through Anal. Abstracts, 


^iThe full removal of nitric acid may then be followed by noting whether moistened 
iilue litmus paper held over the dish is turned red. A further simple test invoh'es place- 
ment of a strip of ordinary paper towelling in the vapors; development of a broivn color 
19611 nitrogen (see A. Chan, Jr., J. Chem. Educ., 38, 4iv 


^-Unpublished work, staff, E. I. DuPont de Nemours & Co., Inc. 

33 Clark, J. D., in Analytical Procedures for Rocket Propellants, VII Mixed Arid 
48?3692 195^’ O^nmark,’ N j c t 
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ACTUAL NITRIC ACID IN MIXED ACID 

Procedure.— Although HNO., may be calculated from the stoicliiometry q£ the 
mixed acid (or oleum) sample (see below), the direct determination is often de- 
sirable and affords greater accuracy. The titrimetric iron(II) sulfate procedure 
given for nitric acid in sulfuric acid is applicable with the special remarks pre- 
sented concerning the use of the method with mixed acids (see page 543 ). it 
should be observed that by this method the actual nitric acid content is obtained. 
If the total nitric acid content is sought (as is secured iji essence by a nitrometer 
procedure), the nitrososulfuric acid content should be separately determined (e.g., 
by the permanganate titration procedure toiisidcrcd below) and be added to the 
actual nitric acid content. Often, howeser, the iiiirososuUuric content may be small 
enough to allow its neglect. 

TOTAL NITRIC ACID IN MIXED ACID 

Nitrometer Procedure.— See Vol. 1, pages 758-759 for the full operational de- 
tails. As noted above, the result corresponds to total isitrogcn compounds ex- 
pressed as nitric acid and thus includes .my nitrososulfuric acid present in the 
sample. 

Calculation of Total Nitric Acid in Mixed Acid.— The total nitric acid content 
may be calculated for a mixed .aetd from the results of the determination o! total 
acidity and the total sulfuric acid determination since sulfurous acid (sulfur di- 
oxide) cannot exist i«i a mixed acid: The % Total HNO^ = (%Total Acidity ai 
HgSO^ - % Total H^SO.,) X 1.2850. The fact that the dllference between two ex- 
perimentally derised values is insohed seriously impairs the reliability of the calcu- 
lation when only a small amount of nitric acid is present. 

NITROSOSULFURIC ACID IN MIXED ACID 

Procedure.— Transfer a suitable sample to 150 ml. of water and titrate promptly 
with (freshly standardized) O.I N (= 0.02 M) KMnO^, to an end point marked by 
the persistance of a pink color for at letisi 60 seconds after the addition of a single 
drop. % NOHSO 4 = (ml. of KMnO^) X (normality of KMnO^) X 0.06354 X 10° 
-h (sample weight in grams). 

Tlie solution should not be stirred more than necessary until the end point is 
approached. Back-titration procedures and cerate titrations are also fe.nsible (see 
Remarks under determination of nitrous acid in nitric acid, page 562), In the in- 
terested industries, the term “nitrososulfuric acid" (or its equivalent ''nitrosylsul- 
furic acid”) lus long usage. Modern evidence suggests iliat the moiety imolved 
is ionized in absolute HoS 04 and is die salt, nitroso hydrogen sulfate, NO+, 
HSO^-; this finding does not invalidate the conventional caladations since the 
acid sulfate ion is a monoproiic acid. In water, the moiety passes to a mixture of 
nitrous and sulfuric acids. 

CALCULATION OF RESULTS FOR OLEUM FREE OF SO. 

For an oleum free of SOj (and of HNO 3 ), the calculation is relatively simple. 
Either tlie % Total Acidity as HgSO^ or the % Free SO 3 has been determined 
and may be interconvcried by use” of the Table on page 616 or by the following 
equations. 

Norr., These equations aie derived by writing the expressions for % Total SOg, % 
billed H.O, % Combined SO3, and % Free SO3 and iiitersubstituling. Analogous equa- 
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tiViiis inav be derived for oleum containing SOo (or mixed acid). For example for oleum 
containing SOo: % Free SOo = 4.4441 X (% Total Acidity as H0SO4 - 100.00) - 2.360 x 
Of SOo. However, the stepwise calculations given for oleum containing SO2 and mixed 
acid are preferred by most tvorkers. 

% Total Acidity as H 2 SO 4 = 0.22502 X % Free SO 3 -f- 100.00 
% Free SO 3 = 4.4441 X (% Total Acidity as H 2 SO 4 — 100.00) 

Alternatively the Actual % H2SO4 may be calculated and reported with the % Free 
SO3; the two obviously must add to 100%. 

% Actual H 2 SO 4 = 5.4441 (100.00 — 0.81632 X % Total Acidity as H 2 SO 4 ) 


% Actual H 2 SO 4 = 100.00 - % Free SO 3 

Example.— An oleum is found to contain 102.2% Total Acidity as H.,SO^. Then 
% Free SO 3 = 4.4441 (102.2 - 100.0) = 9.8% and % Actual HoSO^ = 90.2%. 

CALCULATION OF RESULTS FOR OLEUM CONTAINING SO. 

If a significant amount of SO. is present in an oleum and is determined (see 
below), the following relationships apply: 


% Total H 2 SO 4 = % Total Acidity as H 2 SO 4 — 1.531 X % SO.”" 

% Total SO 3 = % Total H 2 SO 4 X 0.81631 

% Combined HoO = 100.00 - (% Total SO 3 + % SO 2 ) 

% Combined SO 3 = % Combined H 2 O X 4.4441 

% Free SO 3 = % Total SO 3 — % Combined SO 3 

% Actual H.)S 04 = % Combined SO3 % Combined H-iO 

E.xample.— What is the composition of an oleum found to contain 2.00% SO., 
and 102.29% Total Acidity as H.SO^? 


% Total H2SO4 = 102.29 - 1.531 X 2.00 = 99.23% 
% Total SO3 = 99.23 X 0.81631 = 81.00% 

% Combined H 2 O = 100.00 - (81.00 + 2.00) = 17.00% 
% Combined SO3 = 17.00 X 4.4441 = 75.55% 

% Free SO3 = 81.00 - 75.55 = 5.45% 

% Actual H2SO4 = 75.55 + 17.00 = 92.55% 


Report; H2SO.1, 92.55%; SO3, 5.45%; SO2, 2 . 00 %; total, 100.00%. 


33a The factor 1.531 assumes that phenolphthaleiu is used in the titration 
aadity; if methyl orange is used, the factor should be 3.062. 


of the total 
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CALCULATION OF RESULTS FOR MIXED ACID 
Where the % Total Acidity as HgSO^ and % Total H 2 SO 4 have been deter- 
mined the % Total HNO 3 may be calculated as given on page 556: 

% Total HNO 3 = (% Total Acidity as HjSOi — % Total H 2 SOj) X 1.2850 

Alternatively the total HNO 3 content may be determined (see above). If the 
nitrososulfuric acid content is determined: 

% Actual HzSO^ = % Total H 2 SO 4 - (% NOHSO 4 X 0.7718) 

% Actual HNOj = % Total HNO 3 - {% NOHSO 4 X 0.4960) 

Alternatively the actual HNO 3 content is determined (see above). 

The water content of die mixed acid can then be estimated: 

% H 2 O = 100.00 - (% NOHSO 4 + % Actual H 2 S 04 + % Actual HNO 3 ) 

If the % HjO is negative, it may be expressed as "minus” water, the physical 
meaning of whidt is that free SO 3 is present, that is, an excess of oleum is present 
in the mixed acid. 

Where an excess of oleum is present (free SO 3 prcseJii), the calculation may take 
the following course, in which nitric add 1 $ considered as present as its anhydride, 

N 3 O 3 . 

% Total NiiOs = (% Total Acidity as H:;S 04 - % Total H 2 S 04 ) X 1.1013 
% Total SO3 = % Total HaS 04 X 0.81631 
% Combined H^O = 100.00 - (% Total SO3 + % Total NaOs) 

% Combined SO 3 = % Combined HjO X 4.4441 

% Free SO3 =* % Total SO3 — % Combined SO3 
% Actual H2SO4 % Combined SO3 -V % Combined HjO 

Example.— Whnt is the composition of a mixed acid, if the Total Acidity as 
H 2 SO 4 was found to be 102.90% and the Total H^SOi 100.45% (the % Ms or 
% HNO 3 was not determined)? 

% N 2 O 5 = (102.90 - 100.45) X 1.1013 = 2.70% 

% Total SO3 = 100.45 X 0.81631 = 82.00% 

% Combined H 2 O » 100.00 - (82.00 + 2.70) = 15,30% 

% Combined SO3 = 15.30 X 4.4441 = 67.99% 

% Free SO 3 = 82.00 - 67.99 = 14.01% 

% Actual H 2 SO 4 « 67.99 + 15.30 = 83.29% 

Report: H 2 SO 4 , 83.29%; SO 3 , 14.01%; N 2 O 5 , 2.70%; total, 100.00%. 
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determination of SULFUROUS ACID (SULFUR DIOXIDE) 

IN OLEUM 

The determination of sulfurous acid in oleum parallels the iodimetric procedure 
o-iven for sulfuric acid (see page 545). Sulfur dioxide cannot exist in an oleum 
with nitric acid, tlrat is, in a mixed acid. 

DETERMINATION OF OTHER IMPURITIES IN OLEUM 

Impurities in oleum and mixed acid are determined by the procedures given for 
sulfuric acid (pages 546-52) and where necessary or appropriate after an initial 
evaporation to remove free sulfur trioxide and nitric acid. This includes residue 
on ignition and lead. Less frequent determinations include iron, and arsenic. 
For arsenic in oleum and mixed acid a sample containing 1 to 20 micrograms of 
arsenic as As-iOg (usually about 3 ml.) is placed in a dry 100-ml. beaker (and with 
oleum a few crystals of potassium nitrate are added). The beaker is covered with 
a watch glass and heated over a small flame until all free SO3 is removed (i.e., 
until bubbles become few and the atmosphere in the beaker suddenly becomes 
cloudy and dren clears). To the cooled solution, 5 ml. of water is added cau- 
tiously and the resulting solution is taken almost to fumes on a hot plate and 
allow'ed to cool. The general Gutzeit procedure may then be applied as given in 
Vol. I, pages 118-124 (see also the remarks on page 546). 

See die relevant monographs in footnote 27 for the analysis of reagent grade 
fuming sulfuric acid. 


NITRIC ACID 

Nitric acid, HNO3, of contemporary manufacture is relatively pure, and is of- 
fered commercially in a variety of strengths from dilute solutions to fuming acid. 
The principal strengths offerecl in the United States include 36°, 38°, 40°, and 42° 
Baume, Heavy (i.e., 52.3%, 56.5%, 61.4%, and 67.2% HNO3), and the nominal 
percentage strengths 90% (47.8° Baume), 95% (48.50° Baume), and 100%. “Con- 
stant” boiling nitric acid is about 68.0 to 68.5% HNO3, and boils at about 251 °F., 
121. 6°G. The term “fuming add” is applied to any strength greater than 85.7% 
HNO3 containing oxides of nitrogen. Red fuming nitric acid contains large 
amounts of the oxides of nitrogen (5 to 20% expressed at NO^) and has a total 
acidity greater dran 100% HNO3. “White” fuming nitric acid (“WFN” or 
“WFNA,” 97.5 to 99.8% HNO3 ca. 0.5% NOo) and red fuming nitric acid (“RFN” 
or “RFNA” often ca. 12% NOo with 0.6% HF added as a corrosion inhibitor) 
receive attention as oxidizers in rocket propellant systems (see p. 562). Reagent 
grade nitric acid, meeting American Chemical Society specifications, is available- 
as 69.0 to 71.0% HNO3 (sp. gr. 1.42), fuming acid (90%), and red fuming acid {ca. 
20% NOo). Mixtures of nitric and sulfuric acid (“mixed acid,” “nitrating acid”) 
are considered -with oleum (see p. 552). Acid etch mixtures containing nitric acid 
are briefly considered on p. 585. 

NITRIC ACID CONTENT 

Nitric Acid Content by Specific Gravity.— The estimation of nitric acid content 
by the use of a hydrometer is feasible over the entire range of practical concen- 
trations up to 100% HNO3. Specific gravity-composition tables for nitric acid are. 
given on pp. 617 through 620. 
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Nitric Acid Content by AlkaUmetric Titration.— The procedure for die deut- 
mination of the total acidity of nitric acid by acid-base titrimetry parallels that 
given for sulfuric acid (p. 540), and hence, requires only an abbreviated statement 
here: 

Procedure.— Place 100 to 150 ml. of COj-free water in a 110-mm. casserole, add a 
nitric acid sample (equivalent to 23 to 3.0 g. of 100% HNO3), and titrate with 
0.5 N NaOH to the phenolphthalein end point. Note the temperature of the 
NaOH solution and add a correction of 0.00030 ml. per milliliter of 0.5 N NaOH 
for each degree Centigrade below its standardization temperature; or subtract the 
correction for each degree above. 

Remarks.— For fuming nitric acid, use of the special cotirmed weighino- tech- 
niques, such as the Dcly lube (see p. 537), is ntandatory, and absorption in an ex- 
cess of 0.5 N NaOH, followed by back titration with standard HjSO^ is expedient. 
The sample size given is appropriate for the TS-ml. bulb of a chamber buret 
(see footnote 3, p. 536). Some workers prefer the use of a I N NaOH; others of 
0.333 . . . N NaOH. Other indicators may be employed including methyl red; this 
indicator will be bleached by any nitrous acid present, however, and addition of a 
further amount of indicator may be required as the end point is reached. A po- 
tentiometric end point is also feasible. 

Calculation. 

% Total Acidity as HNOj 

(mimtUer$oCNaQH)X (normality of NaOH) X 0.063013 X 100 
sample weight in grams ’ 

where the volume of NaOH is corrected for temperature. If the sample con 
tains significant amounts of other acids, correction may be applied following 
their determination. For example, % HNO., *= % Total Acidity as HNOg-(% 
HoSO^ X 1.285) - (% HCl X 1-728) - (% HNOo X 1-3-10). 

DETERMINATION OF SULFURIC ACID IN NITRIC ACID 

Sulfuric acid, present in acnouuu gcealec titan about 0.02%, is best determined, 
following the evaporation of nitric acid on a steam batli, cither by an acid-base 
titration, or gravimeirically, as barium sulfate. Small contents of sulfuric acid are 
usually determined turbidimctrically cither by a visual comparison or photometne 
procedure, 

Titrimeiric Procedure for Sulfuric Acid.— Weigh out about 2.0 g. of the HNO3 
in a 250-ml. beaker on a platform b.'ilaiice to the nearest 0.1 g. Evaporate essen- 
tially to dryness on a steam bath, hastening die evaporation, if preferred, by di- 
recting a gentle stream of filtered air on the surface of the liquid. Dissolve the 
residue in 5 ml. of water, wasliing down the beaker walls well, and repeat tie 
evaporation and re-solution steps until nitric acid fumes cease to be evolved. Coo 
and dilute to 100 ml. with COo-free water, and titrate with 0.05 N NaOH^ to a 
faint pink phenolphthalein end point. The % H0SO4 = (milliliters of NaOH 
solution) X (nomtality of NaOH) X 0.04904 X 100 (sample weight in grams). 

Gravimetric Procedure for Sulfuric Add.— This determines both sulfuric aci 
and sulfate "bound” with iron or other metals. To die residue from die rst 
steam bath evaporation (see titrimetric procedure above), add 2 ml. of 
trated HCl. Dilute to about 100 ml. with water. Heat to boiling, and add I 
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of BaCl.. solution (10%) dropwise. Complete the determination according to the 
conventional procedure (see Vol. I, pp. 1007-1008). The total sulfate as % HoSO^ 
= (BaS04 weight in grams) X 0.4202 X 100 h- (sample weight in grams). 

Visual Comparison Turbidimetric Procedure.— Take a suitable sample of HNOg 
containing 0.01 to 0.05 mg. of HoSO^. Add 10 mg. of Na^COg and evaporate to 
dryness on a steam bath. Dissolve the residue in 5 ml. of water and filter through 
a small filter paper (freshly washed with water slightly acidified with hydrochloric 
acid), collecting the filtrate in a test tube. Wash the paper twice with 2-ml. por- 
tions of water and dilute tire collected filtrate to 10 ml. Add 1 ml. of HCl (1‘.9) 
and 1 ml. of BaCL solution (10%), which should be freshly filtered in order to 
assure a suitable fine precipitate. Stir briefly and after 10 min., compare the tur- 
bidity witlr that developed by standards equivalent to 0.01 to 0.05 mg. of H^SO^. 
These standards are prepared by adding I.O, 2.0, . . . , 5.0 ml. of a NaoSO^ solu- 
tion (0.0146 g. of reagent grade anhydrous Na^SO^ dissolved and diluted with 
water to 1000 ml.; 1 ml. == 0.01 mg. of H^SO^) to matched test tubes, and diluting 
to 10 ml. with water. The result may optionally be expressed as percentage of 
SO4. 

Instrumental Photomeuic Procedure for Sulfuric Acid.'^^— In a beaker by weight 
or volume, establish a HNOg sample containing 0.2 to 1.2 mg. of H0SO4 (but not 
more than 10 ml. of 70% HNOg). Add 1 ml. of NaCl solution (10 g. NaCl in 90 
ml. of water) and S or 4 glass beads. Evaporate to dryness on a steam bath, cool, 
and rinse down the beaker walls with 10 ml. of HCl (1:10). Again evaporate to 
dryness. Dissolve the residue in 60 ± 1 ml. of water and transfer to a 100-ml. 
beaker. (Do not rinse the first beaker.) To the solution add 1 ml. of HCl (1:10) 
and 1 ml. of gum arable solution (0.5 g. of the gum in 100 ml. filtered through a 
cotton plug) and mix. Add 0.16 to 0.18 g. of screened reagent grade barium nitrate 
(pass through 30- and 40-mesh screens; use crystals retained on the 40-mesh screen) 
and stir continuously until the reagent has dissolved. Transfer the mixture to a 
cuvet and measure the absorbance versus water in a filter photometer, using a 
blue filter. With very small amounts of sulfuric acid, the development of tur- 
bidity may be slow to reach a maximum, but when reached, the absorbance is stable 
for possibly 30 min. Run a reagent blank versus water and subtract its absorbance. 
Read the result from a calibration curve prepared by carrying 2.0, 4.0, . . . , 12.0 
ml. of a Na^SO^ solution (0.1463 g. of anhydrous reagent grade Na-.SO^ dissolved 
and diluted with water exactly to 1000 ml.; hence, 1 ml. = 0.10 mg. of H.jSO^). 

Remarks.— The turbidity produced depends on the particle size of barium 
nitrate used; hence, the screening of the salt. The result may, of course, be ex- 
pressed as percentage of SO4 rather than as percentage of H0SO4. 

Since following the evaporation of nitric acid, a relatively simple system is pres- 
ent, the determination of trace sulfate based on metathesis with barium chlo- 
ranilate and photometric measurement of the acid chloranilate ion “freed" is also 
applicable.35 

determination of hydrochloric ACID IN NITRIC ACID 

At the low concentration of hydrochloric acid encountered in contemporary 
commercial nitric acid, a turbidimetric method based on the precipitation of silver 
chloride may be recommended. The procedure is essentially that given for hydro- 

3* Procedure, courtesy General Chem. Div., Allied Chein. Corp. 

35 Bertolacini, R. J., Barney, J. E., II, Anal. Chem., 29, 281, 1957. 



562 COMMERCIAL ACIDS AND BASES 

chloric acid in suUuric acid (see p. 542); but in the preparation of standards 
chloride-free nitric acid is substituted for tlie sulfuric acid. Some workers prefer 
to neutralize the diluted nitric acid sample with ammonia, and lo make add with 
a few drops of nitric acid prior to die addition of the silver nitrate solution. The 
standards must ilien be prepared by adding the same amount of ammonia and 
neutralizing with chloride-free nitric acid to the same final acidity. A nephelomet- 
ric procedure may be substituted (see Vol- I, pp. 333-4): the addition of a iionionic 
surfactant (Tweeji 20) may be warranted in order to stabilize the prcparation.35a 

DEI'ERMINATION OF NITROUS ACID (LOWER OXIDES OR. 

DISSOLVED OXIDES) IN NITRIC ACID 

By a permanganate titration, nitrous acid and louer o.Kides of nitrogen (N0,» 
NjjOj, and N2O4) may be readily determined in nitric acid. The result may he 
expressed in terms of any of tlicse substances. 

Procedure.— To 250 ml. of water in a casserole, add 0.1 N (i.e., 0.02 5/) 
KMn04 dropwisc and with stirring, until a faijit pink color persists. Then add 
the HNO3 sample (20 g. or a suitable amount to give a titration result of at least 
I ml. of O.l X KM11O4}. Titrate promptly with O.I N KMn04 to a pink color 
that persists for 3 min. 

Calculations. 


rw (milliliters of KMnOJ X (normality of KMnOi) X 0.02351 X 100 

yo rilMUj — , ... 

sample weight in grams 

Where it is desired to express the result as oxides of nitrogen, use tlic same formula 
substituting tlie following factors: for percentage of N..O3, 0.01898; for percentage 
of N2O4. 0.04601. 

Remarks.— Since the volatilization of tlie oxides of nitrogen is appreciable, the 
titration medium should not be stirred other than most gently until the end point 
is approached. Since the reaction with KMnO^ is slow die 3-min. time specified 
should not be shortened. Because of liiesc limitations, addition of an excess of 
KMnO^ and back-tilraiion with iroii(ll) or oxalate is often preferred (e.g., see 
Vol. I, p. 747). ^Vhcre organic matter is present in the HNO3, an iodimetric pro- 
cedure is appropriate. Procedures involving back-iitration of an excess o£ ce- 
riuin(IV) ammonium sulfate with jron(II). or oxalate to the o-phenanthroline or 
nitrophenantliroline end point .irc also to be recommended.^®’' 


DETERMINATION OF HYDROFLUORIC ACID IN NITRIC ACID 

Traces of fluoride in nitric acid may be determined by a Willard-Winter dUid- 
lation from sulfuric acid after a 1:10 dilution of the (concentrated) nitric acid 
sample (see Vol. I. Chapter 18). A finish of choice would be die spectrophoto- 
metric method based on the foimation of die ccrium(III)-fliioride-[(3,4-dihydroxy- 

2-anthraquinonyl)methyl]iminodiacctaic complex.’*’ 

Red fuming nitric acid containing about 12% nitrogen dioxide, used as a rocket 
luel oxidizer, nmy have 0.6% hydrolluoric acid added as a corrosion inhibitor. 


35a Blanc, Beitiand, P.. Liandier, M-, Chiin. anal., 38, 156, 1956. _ , 

35b United Kingdom Atomic Energy Authority, P, <J. RepC. G9(1V'), Anahi^l 
for the Inspection of Nitric Acid. H. M Stationary Olficc, London, I960: D. S. > 
Specification MIL-N-7254C, Nitric Add, fuming Technical, July 1956; Stubblefield, t. * , 
Ind Eng Chem., Anal. Ed., 16, 366, 1944 , 

30 Belcher, R., Leonard. M. A., West, T. S., Talama. 2, 92. 1959. 
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The hydrofluoric acid content of this product may be determined by the current 
developed on a spontaneous electrolysis of the acid sample, diluted 1:500, between 
an aluminum anode and a platinum cathode.sc^ 

determination of phosphoric ACID IN NITRIC ACID 

Trace phosphate is not usually determined in nitric acid. Where special inter- 
est exists a molybdenum blue photometric method is applicable (with silica being 
codetermined, if present).^^ 

DETERMINATION OF HYDRIODIC ACID IN NITRIC ACID 
Iodide is now seldom encountered in nitric acid; it was formerly determined 
by oxidation to iodine, extraction, and subsequent titration with thiosulfate. 

DETERMINATION OF RESIDUE ON IGNITION (AND SILICA) 

IN NITRIC ACID 

The determination of the residue on ignition in nitric acid is analogous to that 
for sulfuric acid (see p. 542). Some workers prefer to determine first the residue on 
evaporation by taking to dryness on a steam bath and drying completely in an oven 
at 100°C., then to ignite the residue further to a red heat. Usually, silica is not 
separately determined in nitric acid. Where a special interest exists, the acid sam- 
ple is evaporated to dryness in a platinum dish, the residue is dissolved in sodium 
hydroxide solution, and after appropriate neutralization, a conventional molybde- 
num blue procedure is applied with phosphate masked by the addition of oxalate 
or tartrate.^*® (See also Vol. I, pp. 962-963.) 


DETERMINATION OF ARSENIC IN NITRIC ACID 
For the determination of trace arsenic in nitric acid, the comments given for 
die similar determination in sulfuric acid apply (see p. 546). For the Gutzeit 
mediod, a known amount of the nitric acid (50 to 100 g.), after addition of 5 ml. of 
concentrated sulfuric acid and 0.8 g. of FeNH^(S 04 )._,T 2 Ho 0 , is evaporated until 
no furdier nitric acid fumes are evolved (i.e., until sulfur trioxicle fumes just ap- 
pear). The general Gutzeit procedure is tlien applied (see Vol. I, pp. 118-124). 


DETERMINATION OF BORON IN NITRIC ACID 
The nuclear industry has interest in the trace boron content of nitric acid. A 
methyl borate distillation is employed, followed by a photometric determination 
of borate (Vol. I, pp. 233-235). In one study, special distillation conditions and 
the use of curcumin as the chromogenic agent have been lecommended.^'-* 


DETERMINATION OF FREE CHLORINE IN NITRIC ACID 
Where of interest, free chlorine may be determined in nitric acid by passing 
pure air successively through two gas-bubbling bottles (low form), the first contaiii- 


B. B.,- Anal. Chem., 30, 1085, 1958. 

Kingdom Atomic Energy Authority, P. G. Kept. 69(\\'), Analytical Methods 
tor tne Inspection of Nitric Acid, H. M. Stationery Office, London, 1960. 

Kingdom Atomic Energy Authority, P. G. Rept. 69(\V), Analytical Methods 
M if Nitric Acid, H. M.. Stationery Office, London, 1960. 

for Kingdom Atomic Energy Authority. P. G. Rept. 69(W), Analytical Methods 

the Inspecuon of Nitric Acid, H. M. Stationery Office, London. I960. 



564 COMMERCIAL ACIDS AND BASES 

ing the weighed sample of nitric acid, and the second a potassium iodide solution 
The iodine liberated in die second bottle is titrated with 0.1 N sodium thiosulfate. 


% Free Chlorine = 


(milliliters ofNagSaOa) X (normality ofNaaSaOa) X 0.03545 X 100 
sample weight in grams 


DETERMINA'ITON OF AMMONIUM SALTS IN 
NITRIC ACID 

The determination of small amounts of aiiimotiium salts in nitric acid may be ac- 
complished by a photometric Nesslcr procedure following an initial esaporation. 

Procedure.— Transfer a sample of the nitric acid containing 20 to 120 /xg. of am 
monia to a beaker, add 4 or 5 glass beads, and evaporate on a hot plate until 
about Vi in. of acid remains (allow no part of the beaker bottom to go dry). Con 
tinuc the et aporation on a steam bath just to dryness. Dissolve the cool residue in 

64.0 ml. of NHg-free water. 

Transfer tlic solution to a rectangular cell and read the absorbance against 
water in a filter photometer with a blue fdter. Add 1.0 ml. of gum arabic solu- 
tion (0.2 g. of the gum in 00 ml. of water riltcrcd through a glass wool plug, and 
10 ml. of the modified Ncssler reagent added to the filtrate as a preservative) and 

5.0 ml. of modified Nesslcr rc.vgcnt. Stir, taking care not to scratch the cell walls, 
Allow to stand 5 min. and again detennisvc the .ibsothance versus water. Run a 
blank versus water on all of the reagents used in the procedure. 

Calculate die net absorbance by subtracting the absorbance of the solution be- 
fore the addition of the gum arabic and Nesslcr reagent, and also the absorbance of 
the reagent blank from the absorbance obtained after the Nesslerization ol the 
sample. Determine the result as percentage of ammonia from a standard curve 
obtained by adding 0.0, 1.0, 2.0, .... 14.0 ml. of standard ammonia solution 
(0.0314 g. of NH^Cl dissolved .uul diluted to exactly 1000 ml. with NH^-free water; 

1.0 ml. = 10 Mg- of NH;,) to .minionia-frcc water to a total volume of 64.0 ml, and 
continue after the second paragraph of the procedure. 

Preparation of Modified Ncssler Reagem.— y\dd 80 g. reagent grade NaCl to a 
beaker containing 130 ml. ol ammonia-Ircc water, and add 100 ml. ol saturated 
HgClo solution (20 g. of reagciU gnidc HgCl. added to 130 ml of water, warmed 
and cooled, stirred to induce crystallization, allowed to settle, and the clear super 
nataiit solution decanted). Mix, and add slowly witli vigorous agitation, 70 ml 
of 1% LijjCOa solution (1 g, reagent grade LinCOa in 100 ml of water; do not heat 
to effect solution as an inverse temperature effect exists). Allow the solution to 
stand overnight in a tightly closcxi bottle; tlien filter through an ignited Gooch 
crucible. The solution will keep indefimtely in a bottle closed with a plastic-lined 
screw cap. 

DETERMINATION OF IRON IN NITRIC ACID 

The determination ol iron in nitric acid parallels die procedure given above for 
sulfuric acid (see p. 549). Jn botli the visual comparison and photometric tno 
cyanate procedures, a sample corresponding to 5 ml. of concentrated nitric acid is 
usually appropriate, with the substitution of an equal volume of iron-free mine 
acid for the sulfuric acid specified in the standards and blank. For nitric an 

<0 I’rofeihire. courtesy General Cliem Div., Allied Chein. Corp. 
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lr,w in iron a preliminary concentration should be effected. Ari appropriate 
°mp” (Tto 50 g.) is eva^ted on a steam bath after addiuon of a few dmps 
f Tnrin.rattd sulfuric acW. The residue is dissolved in 5 ml. of iron-free nitric 

waler and transferred to die ,00 ml. Nessler tube or 
volumetric flask for the photometric procedure). The solution is then ready for 
the development of the thiocyanate color without the addition of permanganate. 


DETERMINATION OF OTHER IMPURITIES IN NITRIC ACID 
Some other impurities (e.g., zinc, copper, lead, nickel, and selenium) may be de- 
termined, where special interest exists, by die procedures given under sulfuric acid, 
often after a prior evaporation of a suitable sample with some sulfuric acid added. 


DETERMINATION OF THE WATER CONTENT OF 

NITRIC ACID 

Where of interest, the water content of concentrated nitric acid may be deter- 
mined by a direct titration with the Karl Fischer reagent following neutralization 
with pyridine.*’^ The water content of white and red fuming nitric acid is of 
special interest in its use as a rocket fuel oxidizer. A weighed sample of the white 
acid is neutralized with pyridine in dimethylformamide, an excess of the Karl 
Fischer reagent is added, and a back-titration performed to a dead-stop end point 
with a standard methanol-water solution. Nitrogen dioxide, up to 1.5%, does not 
interfere.'*^ The water content, up to 6%, of red fuming nitric acid, containing 
up to 20% NOo, can be determined by a highly selective spectrophotometric 
measurement in the near infrared at 1.423 fi.*^ 


SPECTROGRAPHIC DETERMINATION OF IMPURITIES IN 

NITRIC ACID 

As considered above for sulfuric acid (p. 552), the spectrographic determination 
of impurities at even the level of 0.1 p. p. m. or less, may be accomplished by an 
initial concentration. The procedure given for sulfuric acid is also applicable 
to nitric acid (employing 100 g. of nitric acid in place of the 100 g. of sulfuric 
acid, and proceeding directly to the evaporation). Oldfield and Bridge ^4 have 
reported a detailed spectrographic examination of high purity nitric acid (and also 
of hydrochloric, hydrofluoric, and acetic acids), and have elected to add copper 
during the concentration step, which serves as an internal standard. Their origi- 
nal paper is worthy of dose study. Their procedure, which permits the estimation 
of some seventeen elements (namely. Mg, Mn, Cr, Bi, Al, Ni, Mo, Be, In, Zn, Ti, 
Zr, Co, Fe, Pb, Ga, Cd), takes the following form: 

Spectrographic Procedure with Internal Copper Standard.-Transfer a 10-ml 

^ PLtinum crucible.' 

Add 1 ml of 0.1 N HoSO„ and evaporate to dryness. To the cooled crucible add 
1.0 ml. of a solution of high-punty grade CuSO^ in 0.1 N HoSO. (1 0 ml =10 
mg. of Cu). Warm the crucible to dissolve the residue, rinse th‘e walls with a little 
deionized water, and again evaporate to dryness. Dissolve the residue in 0.1 ml. of 

York? igfr”’ Interscience Publishers, Inc., x\ew 

4 " M. L-. I^%|ht, W. p., and Kindsvater, H. M., Anal. Chem *’8 41‘> IQisr 

4- White, 1... Jr., and Barrett, W. I., Anal Chem ->8 IMS 1950- 

.* Okllield. J. H.. and Bridge. E. P.l Analpi, ss!??! IMO ' ' 
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deionized water by warming and rotating tlie crucible. Transfer die solution drop- 
wise to a heated ^4-in. undercut graphite electrode (previously pre-arced for 4 sec, 
at 4 amp. to remove surface cont.'iminatioii and to make it porous), allowing each 
drop to evaporate before adding the next. Rinse the crucible with 0.05 ml. of 
deionized water and transfer to the electrode in the same manner. Excite this 
sample preparation in a direct current arc in an argon-oxygen atmosphere at 12 
amp. for 15 sec. Develop all plates under identical conditions and compare ap- 
propriate line pairs. Tlie concentrations are calculated from working curves 
obtained by the excitation of prepared standards containing the same amount of 
copper as the unknowns, and from 0.005 to 5.0 ^ig. of the elements per O.I ml. of 
the solution placed on the electrode. 

Remarks.— The sensitivity can be further improved by employing a larger sample 
of tlie acid. It is imperative Uiat the evaporation steps and transfers be accom- 
plished under conditions wlierc air-borne and other contamination is minimized. 

ANALYSIS OF FUMING NITRIC ACID 
In die determinations considered above for nitric acid, only occasional and brief 
mention is made concerning fuming nitric acid. The special report literature that 
has developed on this product, associated witli its use as a rocket fuel oxidizer, 
should be consulted for the problems and methods of its analysis.*^ 

ANALYSIS OF REAGEhTr GRADE NITRIC ACID 
For infoimation on the analysis of reagent grade nitric acid and fuming nitric 
acid, relevant monographs should be consulted (see footnote 27, p. 552). 


FIYDROCHLORIC ACID 

Hydrochloric acid (muriatic acid), HCl, is available in the teclinic.il grade in 
various strcngtlis including 16’, 18*. 20*, 22*, and 23* Baumd, Heavy (24.6%, 27.9%, 
31.4%,, 33.2%, and 37.1% HCl), the 18* and 20* Baumd products being the most 
used. All of these strengths are somewliat yellow in color. A colorless 20* Baume 
pioduct is also available. The 18* Baume acid is also offered with an added 
metal-corrosion inhibitor for use in pickling iron and steel, and for dissolving hard 
water scale. Hydrochloric acid is available in a pharmaceutical grade, 35 to 387o 
HCl, meeting tlie specifications of ilic U. S. Pliarniacopeia. Reagent grade 
(arsenic-free) hydrocliloric acid, meeting American Chemical Society Specifications, 
contains 36.5 to 38.0%, HCl (typically 37.2%. sp. gr. 1.19). A specific gravity- 
composition table for hydrochloric acid appears on page 621. Aniiydrous liquid 
hydrogen chloride is available in cylinders; for tlie analysis of tins product, initial 
absorption in potassium hydroxide solution is employed. 


HYDROCHLORIC ACID CONTENT 
Hydrochloric Acid Contetit by Specific GravUy.—Thc estimation of tlie hydro- 
chloric acid content by the use of a hydrometer is feasible over die entire range of 

*5 For brief summary, see Clear, A. J., and Roth, M., Nitrogen, in KollhoS, I. M 
Elving, P. J., eds., Trcalise on Anahtical Chemistry, Interscience Publishers, Inc., 
York. Part II, Vol, 5. 1961. 264-267; see also Clark. I. D., Slreim. H. G.. et ah. U. S. Nava 
Air Rocket Test Station, Lake Denmark, New Jersey, Anal>tical Procedures ... ^ 
Propellants, Reports 20, 23, 24, and 34, 1951-1933; U. S. Military Specification, JVin--* 
7254C, Nitric Add, Fuming, Technical, July, 1956. 
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practical concentrations of hydrochloric acid. A specihc gravity-composition table 

for hydrochloric acid is given on page 621. 

Hydrochloric Acid Content by Alkalimetric Titration.-The procedure for 
determination of the total acidity of hydrochloric acid by acid-base titiimetry para - 
lels that given above for sulfuric acid (p. 540). and needs only a brief statement 

here. 

Procedure.-Because of die volatility of hydrogen chloride, employ precautions 
to avoid losses in establishing the acid sample. Use a weighing bottle or a Dely or 
snake tube; with such tubes, draw the sample into the tube slowly under only 
slio-ht suction. Use a chamber buret (see footnote 3, p. 536) and a sample size re- 
quiring 75 to 95 ml. of 0.5 N NaOH (3.2 to 4.0 ml. of 37.2% HCl). Run about 
75 ml. of the base into the casserole or conical flask, and only then add the iveighed 
acid sample. Complete the titration to the methyl orange or methyl red end point 
or, alternatively, employ a potentiometric end point. Note the temperature of the 
NaOH solution and add a correction of 0.00030 ml. per milliliter of 0.5 N NaOH 
for each degree Centigrade below its standardization temperature; or subtract the 
correction for each degree above. 

Calculadon. 


% Total Acidity as HCl 

(milliliters of NaOH) X (normality of NaOH) X 0.036461 X 100 
sample weight m grams 

where the volume of NaOH is corrected for temperature. 

If the sample contains significant amounts of other acids, a correction may be ap- 
plied following their determination. For example 


% HCl = Total Acidity as HCl - (% HNO3 X 0.5786) - % H2SO4 X (0.7435). 

Remarks.— The hydrochloric acid content may also be determined gravimetrically 
as AgCl or by a Volhard titration (Vol. I, pp. 328-329). 


DETERMINATION OF SULFURIC ACID IN HYDROCHLORIC 

ACID 

Sulfuric acid in hydrochloric acid can be determined after the procedures de- 
scribed above for nitric acid (see p. 560). The initial acid sample is evaporated to 
the absence of a hydrogen chloride odor, the beaker walls are rinsed with water, 
and the solution is re-evaporated. The result of the subsequent alkalimetric titra- 
tion is termed % Free H.SO^ or % Nonvolatile Acidity as H.SO^, or may be given 
as % Free Sulfate as SO3 (or SO4). If total sulfate is determined (i.e., the total of 
sulfate as sulfuric acid “bound” by metals) either gravimetrically or turbidimet- 
ncally the result is usually termed percentage of total sulfate, and is expressed as 
SO3, per cent or SO, per cent. For trace sulfate in high purity hydrochloric acid 
(and certain other chemicals including phosphoric acid, acetic acid, and sodium 
embonate) a sulfide evolution method is promising. The sample is treated with a 
titamum-phoyhoric acid reagent. The hydrogen sulfide formed by reduction is 
sivept by carbon dioxide into sodium hydroxide solution, and is then titratS with 

mercury(ll) acetate to die dithirone end point. Amounts down to 10 of m IfTte 
may thus be determined.^s !>uuate 


-^0 Quartermain. P. G., and Hill, A. G.. Analyst, 85, 211, 1960. 
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DETERMINATION OF NITRIC ACID (OR NITRATE) IN 
HYDROCHLORIC ACID 

The methods for nitric acid or nitrate in sulfuric acid (p. 543) are directly applj. 
cable to hydrochloric acid. As the determinations are effected in a sulfuric acid 
medium, a suitable sample of the hydrochloric acid (5 ml. of concentrated acid) is 
added under the surface of 75 ml. of reagent grade sulfuric acid. This required 
dilution reduces the sensitivity of the proceduics accordingly. 

PHOSPHORIC ACID IN HYDROCHLORIC ACID 

Phosphate in hydrochloric acid, where of special interest, may be determined 
by a conventional molybdenum blue procedure using tin(II) chloride as the re- 
ductani following a preliminary evaporation of a 10-g. sample of the acid with 3 ml. 
of water added to assure tlie absence of spitting.^^ 

DETERMINATION OF RESIDUE ON IGNITION AND SILICA 
IN HYDROCHLORIC ACID 

In hydrochloric acid, the residue on evaporation and the residue on ignition are 
determined in the same manner as for nitric acid (sec p. 5(33). Where of interest, 
silica is determined by treatment of the ignited residue with hydrofluoric acid, 
evaporation, and reweigliing. 

Procedure for Silica in Hydrochloric Acid.— To the platinum dish containing the 
ignited and weighed residue of tlic add, add 5 ml. of reagent grade HF and a few 
drops of concetiirated H^SO^. Evaporate to dryness, ignite at a red heat, and re* 
weigh. The loss in weight corresponds to SiOa. 

or CT\ weight in grams on HF treat ment) X IQQ 

sample weight m grams 

DETERMINATION OF ARSENIC IN HYDROCHLORIC ACID 

The methods and references above, relating to tlic determination of arsenic in 
sulfuric acid (p. 546) arc periiiieiii to the determination of this clement in b)dio- 
chloric acid. For the Gutzeit method, a known amount of this acid (25 to 50 g-). 
after addition of 0,5 ml, of concentrated nitric acid (to assure retention of arsenic) 
and 0.8 g. of FeNH^(SO^) 2 ‘ 12Hj,0, is evaporated on a hot plate until no further 
hydrogen civloride is evolved, and just to die appearance of sulfur trioxide fumes. 
The general Gutzeit procedure is then applied (see Vol. I, pp. 118-124). 

DETERMINATION OF IRON IN HYDROCHLORIC ACID 

The determination of iron in hydrochloric acid parallels the thiocyanate proce- 
dures for iron in sulfuric acid (see p. 549), following tlie evaporation of hydrochloric 
acid (completed on a steam bath to assure a soluble residue and with sodium 
carbonate added). Often 10 ml. of 1:1 sulfuric acid are added to 100 g- 
hydrochloric acid (or anotlier amount, depending on the iron content) and tie 
solution is evaporated to strong sulfur trtoxide fumes. The residual solution n 
tlien transferred to a 100-ml, volumetric flask (or Nessler tube) with water rinses. 

United Kingdom Atomic Energy Authority, P. G. Kept. 76(\V). Analytical Methods 
for the Inspection of Hydrochloric Add, H. M. Stationary Office, London, 1960, 
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/The volume is then about 60 ml.) The thiocyanate procedures given for sulfuric 
Lid are thereupon followed (p. 549). Where dre residue on 

termined, the residue may be digested with about 5 ml. of 1.1 hydrochloric acid 
/with the dish covered with a watch glass), then evaporated to dryness, taken up in 
about 35 ml. of 1:6 hydrochloric acid and 10 ml. of 1:1 sulfuric acid, and evapo- 
rated until the volatilization of hydrogen chloride is complete {not to sulfur 
trioKide fumes). The residual solution is transferred as above 


DETERMINATION OF FREE CHLORINE IN 
HYDROCHLORIC ACID 

The examination of free dilorine in hydrochloric acid may range from a limit 
test to a quantitative determination, depending on the amount of chlorine piesent 
and the grade of the acid. Two general approaches are utilized: oxidation of 
iodide to iodine and evaluation of its color or its titration witli thiosulfate; or 
evaluation of tire color developed by the reaction of o-tolidine with the free 
chlorine. It is imperative that water used for dilution and glassware be free of a 
“demand” for free chlorine (see remarks, Vol. I, p. 335). 

Procedure for Free Chlorine Based on lodomeuic Titration.^®— Transfer a 50-ml. 
sample of the (concentrated) HCl to a 250-ml., glass-stoppered conical flask. Add 
50 ml. of water. Cool the solution to below 25°C. in order to secure a satisfactory 
end point. Add 5 ml. of 1% KI solution (1 g. of KI in 100 ml. of water with 2 
drops of 0.1 N NaOH added to obviate aerial oxidation of iodide). (The relatively 
small amount of KI used reduces any iron intereference.) Stopper the flask, mix, 
and allow to stand 1 min. Add starcli indicator, and titrate to the disappearance 
of the blue color with 0.01 N NaoS203. 


% Free Chlorine = 


(milliliters of Na2S203) X (normality ofNa2S203) X 0.03545 X 100 
weight of sample in grams 


Remarks.— In routine analysis, it is probably best to standardize the 0.01 N 
NaoSoOg against weighed amounts of iodine under the conditions of this titration. 

Visual Procedirre for Free Chlorine Based on Iodide Oxidation.— Add a 20-ml. 
sample of the (concentrated) HCl to 40 ml. of tvater, cooled to 4 to 6°C., contained 
in a 250-ml. beaker. Add 10 ml. of a Kl-starch reagent (0.4 g. soluble starch and 
7 ml. cold water slurried, diluted to 100 ml. with boiling water, cooled, 0.2 g. of 
KI added and stirred to dissolve; store in a glass-stoppered, brown bottle for a 
maximum of 3 days). No blue color should develop in 10 min. (compared with 
equal volume of water) against a white background under diffuse illumination. 
In absence of color, the free chlorine corresponds to 0.00001% or less. 

Remarks.— Such iodine procedures can be made semiquantitative by the use of 
standards prepared from a stock sodium hypoddorite solution. Iron can be masked 
(if present at greater than 0.00001%) by the addition of pyrophosphate ion. A 
fmtlrer limit test is based on the omission of the starch and extraction of any iodine 
formed into a 1-ml. layer of CS^. ^ 


Procedure for Free Chlorine Employing o-Tolidine.^®-Add a 25-ml. sample of 
Jroncentrated) HCl to a 250-ml. beaker containing 60-70 ml. of water coofed to 
4 to 6 C. by a water-ice bath. Transfer to a 100-mI. Nessler tube. Adjust the 

General Cheni. Div., Allied Chem. Corp. 

Piocedure, courtesy, E. I. DuPont de Nemours & Co., Inc.^ 
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temperature to 20 to 25'C., introduce by a pipet 5 ml. of o-tolidine reagent (0.5 g 
of o-tolidine li)drodiloride ground to a paste in a mortar tvith 2.5 ml, of HCl ( 1 ’ 4 ) 
transferred to a 500-ml. graduated c)lindcr, diluted to 250 ml. tvith tvater, and then 
to 600 ml. with HCl (1:4); store away from direct sunlight in a glass-stoppered 
brown bottle, and discard after 5 months). Compare the sample preparation within 
30 min. with a series of permanent color standards in matched Nessler tubes, by 
looking down tlirougli the solutions against a white background diffusely illumi- 
nated (a\oid direct sunlight since it fades the sample preparation). 

The permanent standaids consist of mixtures of the volumes specified below of 
Solution A (2.5 g. of K-oCr^jO... 1 ml. concentrated H^SO^, diluted to 1000 ml. with 
water) and Solution 71 (1.5 g. CuS0^*5H20, I ml. of concentrated H.-SO^, diluted 
to 100 ml. with water) diluted to 100 ml. witlt water, and stored in glass-stoppered 
bottles. In use. Nessler tubes arc filled with the standards to the same depth as 
the sample preparation. 


Equivalent free chlorine, 

25-ml. sample 

Standard mixture diluted 
to 100 ml. 

% Free Cl 2 

p. p. m. free Cl? 

Solution A, ml. 

Solution S, ml. 

0.0003 

3 

9 

8 

0.0006 

6 

16 

8 

0 0009 

9 

22 

8 

0 0012 

12 

28 

8 


The standards may be checked by comparison with portions of a stock sodium 
hypochlorite solution, suitably diluted and adjusted in acidity, carried through 
the procedure; the range of the standards may be thus extended. 

Remarks.— Photometric or spectrophoiometric o-tolidine procedures are also pos- 
sible, which are similar to those employed for available chlorine in water (see Vol. 
I, pp. 334 and 335), but substituting the above o-iolidine reagent, since the HCl 
sample provides some of the required acidity. 

DETERMINATION OF OTHER IMPURITIES IN 
HYDROCHLORIC ACID 

Other impurities, for example, ’'heavy metals.'* zinc, copper, nickel, and lead, 
in liydrociiloric acid, if of interest, may usually be determined by die methods 
given above under sulfuric acid. In general, tlie sample of the acid is initially 
evaporated after addition of concentrated sulfuiic acid. Boion may be determined 
by the photometiic method noted under nitric acid (see p. 563).®“ The spectro- 
gmphic procedures for trace impurities in high purity nitric acid are diiectly ap- 
plicable to hydrochloric acid (see p. 565). 

50 United Kingdom Atomic Energy Authority. P. G. Rept. 76(W), Analytical Methods for 
the Inspeclion of Hjdiochlorir Aon. H. JVI. Slatxoneiy Office, London, 1960. 
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ANALYSIS OF REAGENT AND PHARMACEUTICAL GRADE 

HYDROCHLORIC ACID 

For information on the analysis of reagent grade and pharmaceutical grade hy- 
drochloric acid, relevant monogi'aphs should be consulted.®^ 

PERCHLORIC ACID 

Perchloric acid, HCIO 4 , in the technical grade is predominantly offered m the 
70-72‘y strength. The U. S. Interstate Commerce Commission prohibits the 
shipment of perchloric acid in excess of 72% concentration. The total acidity of 
die product is usually determined by a direct titration ivith 1 N sodium hydroxide 
to the phenolphthalein end point. Impurities commonly determined include 
residue on ignition, chloride, nitrogen compounds, sulfate, heavy metals, and iron; 
determinations are by the conventional procedures without interference by the 
perchlorate anion. In certain of these determinations the perchloric acid sample 
is initially evaporated to dryness. Where of interest, silica (and phosphate) may be 
determined by a conventional molybdenum blue photometric procedure. Reagent 
grade perchloric acid, meeting American Chemical Society specifications, is avail- 
able in 60 to 627o (sp- g^- 1-54) and 70 to 72% (sp. gr. 1.70) strengths, with most of 
the above mentioned impurities controlled.®® Reagent grade material meeting the 
British Analar standards also includes limit tests for lead, copper, manganese, 
ammonium, arsenic, and chlorate.®® For additional information on perchloric 
acid, including the density of solutions, the special literature should be consulted.®'^ 

CHLOROSULFONIC ACID 

Chlorosulfonic acid, CISO 3 H, is commercially available in bulk quantities, in an 
approximate strength of 62.3° Baume, Heavy (minimum 98.5% CISO 3 H). Typ- 
ically tire product may contain 98.8% total CISO 3 H; total sulfate as SO 3 , 69.0%; 
total chloride as HCl, 30.9%; sulfuric acid, 0.7%, and free sulfur trioxide as SO 3 , 
0 . 6 %. 


DETERMINATION OF THE CONSTITUENTS OF 
CHLOROSULFONIC ACID 


The establishment of the composition of chlorosulfonic acid may be based on the 
titration of the total acidity, followed by the determination of the chloride content 
of the resulting solution by a precipitation titration with silver (potentiometric or 
Mohr end point). The results of these titrations are expressed as percentage of 
SO3 and percentage of HCl, and the excess of SO3 beyond the stoichiometry SO3 -{- 
HCl = CISO3H is expressed as percentage of free SO3. This indirect determination 
of free sulfur trioxide, however, often leads to a quite imprecise result because 
the small difference betrveen two large numbers is involved. Although the situ- 
ation may be improved slightly by a gravimetric determination of total clrloride. 


51 U. S. Pharmacopeia; British Pharmacopceia; also see footnote 27 o 552 

52 American Chemical Society, Reagent Chemicals-1960, Washin<iton D C IQfil 

53 British Drug Houses Ltd. and Hopkin & Williams Ltd., Analar Standards IW T 

tory Chemicals, London, 5th Ed., 1957. ^ andards for Labora- 

51 Schumacher, J. C., ed., Perchlorates; Their Properties it . 

hold Publishing Corp., New York, 1960. ” ’ acture and Uses, Rem- 
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tlie preferred practice is to employ a temperature-rise method, based on the reac- 
tion of tl\e free sulfur trloxidc widi added hydrogen chloride to form chlorosulfonic 
acid. 

Procedure for Total Acidity and Chloride Content.— Place about 75 ml. of 
0.333 . . . N NaOH fiom a chamber buret (see footnote 3, p. 530) in a casserole or 
glass-stoppered conical flask. Add the weighed CISO 3 H sample (sufficient to con- 
sume about 85 ml. of the 0.333 . . . NaOH) via a Dely tube or a sealed glass 
bulb or ampoule. Continue the titnition to the methyl orange end point, or 
employ a potenliometric end point. Note the temperature of the NaOH solu- 
tion, and add a correction of 0.00028 ml. per milliliter of 0.333 . . . N NaOH 
added for eaclt degree Geuiigrade below its staud.irdiraiion temperature; or sub- 
tract the correction for each degree above. 

Titrate the resulting solution with 0.1 ,V AgNO^j to a potcntiometric end point 
(silver wire-calomel electrode pair) or conduct a conventional Mohr titration fol- 
lowing the addition of 2 g- of NaHCO,, (see Vol. I, pp. 332-333). For eitlicr titra- 
tion technique, establish a blank by titrating a similar amount of the 0.353 . . . N 
NaOH, neutralized appropriately with cliloride-frce H^S 04 , witli 0.1 N AgNOj. 
(For calculation of results see i)elow.) 

Procedure for Free Sulfur Trioxide (Temperature Rise Method).**— Employ the 
apparatus shown in Fig. 22-5. Dry thoroughly the Dewar flask and stopper, F, 
containing the disperser, itdci and outlet tubes, at 105-1 lO'C. in an oveti. Trans- 
fer to a desiccator and allow to cool. Assemble the fore part of the train, as illu- 
strated, and pass anhydrous HCI until all air is swept out (3 to 5 min.), allowing 
the gas to escape to a hood at the c.xtt from the drying tube, £. Stop the flow of 
HCI from the cylinder, and clamp shut the tubing leaving the drying tube. Insert 
the thermometer, H, in the Dewar flask stopper, add 55 ml. of the ClSOj,H 
sample to the Dewar flask (i.c., to a calibration mark on the flask wall), position 
the stopper firmly in place, .ind connect the inlet tube of this flask to die exit tube 
of the drying tube. Record the temperature of the sample to tlic nearest 0.1'C, 
Start a slow stream of HCI g:is through the iniin (1 to 3 bubbles per sec. in the 
HMSO^-filled flask. D). Note the ni.ixinnim temperature developed in a short time, 
and persisting for possibly a minute. (The nitc of the temperature rise aiul the 
maximum temperature dcveio 2 >cti increases widi liic free SO 3 content, ani tVrt. 
time tile maximum temperature is maiiitaincd decreases.) 

Calculation. 


% Free (Uncoinbined) SOa = (T,ub* — To) X 0.291 

where T„,a, and arc the maximum and initial tempcraivires, respectively. The 
factor 0.291 strictly applies to a definite sample size and to apparatus of fixed heat 
transfer properties; however, the factor can be used for most Dewar flasks widi an 
error of only a few per cent relative. For Jiigher accuracy tbe apparatus should 
be calibrated against CISO 3 H with known amounts of SO 3 added. 

Remarks.— Moisture must be excluded from the sample during die detenniiiation. 
The HoSO^ and CaSO^ drying agents should be renewed frequently (every 2 
weeks). When not in use the HCI cylinder sliould be disconnected and its outlet 
fitted with a drying tube; further, the entrance and exit to the train should be 
protected by drying tubes. The s.imple size is piobably most expeditiously estab- 

ssSeaiii.iii. \V.. Woods. J. T.. Bank, II. N., Anal. Cbciii.. 22, 549. 1950, modified proce- 
dure aud app-iKitus descripiiou, couiiesy. 11. I. Ilul*oiil de Nemovns S: Co, luc. 
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X: — - 

may not be consistent. If the CISO 3 H (process) sample contains large 3 ™^nts of 
SO fpossibly greater than 3%), it may be necessary to dilute with CISO 3 H of 
known low free SO 3 content, as otherwise too large an amount of HCl is required. 



Fig. 22-5. Apparatus for Determination of Free SO 3 in Chlorosulfonic Acid: A, cylinder, 
anhydrous HCl; B, float gas flowmeter; C, 1000-inI. filter flask, dry trap; D, 1000-ml. filter 
flask containing reagent giade H 2 SO^; E, drying tube filled with anhydrous CaSO^; F, 
25-mm. by 100-mm. Dewar flask; G, fritted glass gas disperser; H, thermometer, 20° to 

40°C., 0.1° divisions. 


For the determination of free HCi in CISO 3 H by its volatilization at reduced 
pressure, the paper of Korinth should be consuited.s« 

Calculation of the Composition of Chlorosulfonic Acid.— This is based on the 
results of the titrations of total acidity and total chloride content and the determi- 
nation of the free sulfur trioxide by the temperature rise method. From the first 
titration 

% Total Acidity expressed as SO3 

^ (milliliters of NaOH) X (no rmality of NaOH) X 0.040031 X 100 

sample weight in grams 

where the volume of NaOH is corrected for temperature. From the second ti- 
tration 


% Total chloride as HCl = OL" X (n ormality of AgNOa) X 0.03646 X 100 

sample weight in grams 

where ? end n are millilUerr of AgNO. required by the sample and blank respec- 
nvely. Since the commercial product has tree SO,, the actual asO,H present is 

3« Korinth, E., Angew. Chem., 72, 108, 1960. 
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calculated from tlie total chloride content (the free chloride content being negli- 
gible). Hence % ClSOgH = % Total Cltloridc as HCl X 3.1958. To calculate the 
total sulfate it is necessary to deduct the acidity due to HCl, suitably expressed 
from the total acidity: % Total Sulfate as SO 3 = % Total Acidity as SO 3 — % Total 
Chloride as HCl X 1 0979. The free H 2 SO 4 can then be estimated from the fol- 
lowing stoichiometry: % Free H 2 SO 4 = (% Total Sulfate as SO 3 - % CISO 3 HX 
0-6871 — % Free SOg) X 1.2250. Composition values usually reported include 7 
CISO 3 H, % Total Sulfate as SO,, % Free SOj, % Total Chloride as HCl, and 
% Fiee H 2 SO 4 . 

DETERMINATION OF IRON IN CHLOROSULFONIC ACID 
The determination of iron in chlorosulfonic acid parallels the visual comparison 
and photometric proccduies given above for sulfuric acid (p. 549), following an 
initial evaporation. Typically, 40 or 50 ml. of the cIvlorosuUonic acid and 8 or 10 
ml. of iroit-free sulfuric acid (HI) are evaporated in a beaker to a volume of 5 to 
10 ml., or to the appearance of turbidity. After cooling, tlie beaker walls are 
washed with water and the solution is evaporated to sulfur trioxjde fumes. The 
cooled contents of the beaker are transferred to a lOO-ml. volumetric flask (or 
Nessler tube) with water rinses. Tlic thiocyanate procedures given for sulfuric 
acid are thereupon follotvcd (p. 549). 

OTHER IMPURITIES IN CHLOROSULFONIC ACID 
"Where of interest, other impurities in dilorosulfonic acid may be determined by 
tlie procedures given for hydrodiloric or sulfuric acids, often after an initial evapo* 
ration. 


FLUOBORIC ACID 

Fluoboric acid (tetrafluoroboric acid), HBF^, is offered in 48% nominal strength, 
and is receiving increasing commercial attention, especially in electroplating. 

DETERMINATION OF THE COMPOSITION OF 
FLUOBORIC ACID 

The composition of fluoboric acid is usually determined by its hydrolysis under 
reflux in the presence of calcium diloridc. The overall reaction is 

HBF4 + 2CaCl2 + 3HjO -> 2CaF2 + H3BO3 + 4HC1 
The strong acid content is titrated wiilt sodium hydroxide, added in part during 
the hydrolysis. Mannitol is then added and the boric acid content determined by 
titration with sodium hydroxide. From the stoichiometry involved, die percentage 
of HBF4 can be calculated and either die percentage of free H3BO3 or the per- 
centage of free HF present. In die usual commercial product, the boric acid is in 
excess (about 3%). 

Procedure.s7-In a platinum thimble, weigh a 2-g. sample of HBF 4 
with water rinses to a 500-ml. conical flask with a standard taper joint. Add 25 g. 
of CaCl 2 > 2 drops of methyl orange solution, 3 to 5 drops of octanol (as an 
foaming agent), and several boiling chips or beads. Attacli the flask to a vertical y 
mounted Liebig condenser, and heat the solution to boiling. From a bure 

5T Piocedure, courtesy, General Chem. Division. Allied Chem. Corp. 
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mounted above the condenser, slotvly add 1 N NaOH to the refluxing solution so 
that the methyl orange just exhibits its acid color. (If the solution is accidentally 
brought to the alkaline side and does not promptly become acid on further reflux 
add some 1 N HoSO^ and apply a correction to the base consumed.) Reflux lor 15 
more min. after the last addition of base; then cool the flask and contents with the 
condenser in place by immersion in a water bath. Wash down the condensei walls 
with water. Remove the condenser and complete the titration of the cooled hydrol- 
vsis mixture with the 1 N NaOH to the methyl orange end point. Record the 
milliliters recjuired, V^. Now add about 35 g. of mannitol (pieneutialized, if neces- 
sary) and some phenolphthalein indicator. Titrate with 1 N NaOH to an end point 
persisting for at least 30 sec. Record the milliliters required, V.,. 

Calculation.— In this simple scheme acids other than HBF^ and either HF or 
H 3 BO 3 are assumed to be absent (or to be present in negligible amounts). The 
result of tlie first titration step, namely, the total acidity in hot solution, is given 
by 


% Total Acidity (hot) as HBF4 = 


(Fi) X (normality of NaOH) X 0.021953 X 100 
weight of sample in grams 


The result of the second titration step, namely, the total boric acid content, for 
calculation purposes is expressed as HBF^t 


% Total H3BO3 expressed as HBF4 


(Fo) X (normality of NaOH) X 0.08781 X 100 
weight of sample in grams 


The loiuer of these two percentages is reported as die HBF^ content. If the second 
percentage is greater dian the first, as is usual for the commercial product, report 
the difference as % Free H 3 BO 3 = (% Total H 3 BO 3 expressed as HBF 4 - % Total 
Acidity (hot) as HBF^) X 0.7042. If the second percentage is the smaller, report 
the difference as % Free HF = (% Total Acidity (hot) as HBF^ - % Total H 3 BO 3 
expressed as HBF^) X 0.91 13. 

The percentage of HBF^ here determined neglects any acidity due to the pres- 
ence of H^SO^ and HoSiFg. If these are determined, a correction can be applied 
(see below). 

A more sophisticated scheme for the analysis of fluoboric acid has been devised 
in which the fluosilicic acid and sulfuric acid contents are determined, and a correc- 
tion is applied to the fluoboric acid content, determined by a procedure essentially 
similar to that given above. The consideration is here limited to the usual case 
where free boric acjd, rather than free hydrofluoric acid,’ is present. 

Procedure for Sulfuric Acid.-Evaporate a 10.0-g. sample of the HBF^ in a 
platinum dish on a steam bath until white fumes cease (about 2 hr.). Add 10 ml 
of water and evaporate. Repeat the addition of water and the evaporation until 
die vapor no longer has the pungent odor characteristic of HBF4 Add 25 ml of 
water and titrate with 0.5 N NaOH to the phenolphthalein end point 


% H 0 SO 4 = X (normality of NaOH) X 0.04904 X 100 

weight of sample in grams 

58 Flisik, H., Swinehart, C. F., and Bumblis, A. R., Harshaw Chpm • f p u j 
see Booth, H. S., and Martin, D. R.. Boron Trifluoride and Tk TVWv ;- ^^etails 

Sons, New York, 1949, 230-238. “ Deruatives, John Wiley and 
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Remarks.— If tlie residue is solid, as is the case if the HBF 4 has been allowed to 
stand for protracted periods in contact with glass, sodium and other metal, salts 
aie piesent and the determination of sulfuric acid fails. In sucli a case, the percent- 
age of total solids may be determined by weighing the final lesidue after drying at 
105°C. in an oven. 

Procedure for Fluosilicic Acid.— Weigh and transfer .1 2-g. sample of the acid into 
a 150*ml. beaker with 25 ml. of water; add 1 g, of solid KNO^. stir to dissolve, and 
add 30 ml. of ethanol or 2-propanol. Stir, coscr the beaker, allow to stand for 1 hr. 
Filter the precipitate of KjSiFg and KBF^ through a Gooch crucible or paper. 
Wash the precipitate with (Itl) portions of ethanol-water or 2'propanol-water con- 
taining 2% KNOj and made alkaline (faint pink color with plienolplulialein). 
Continue until the further washing is free of acidity (one drop of 0.1 N NaOH 
produces pink color with phcnolphth.'ileiti). Place die crucible or paper in the 
original beaker, add 100 ml. of water, heal to 40*C. (and not above 50*C.) until the 
piecipitate dissolves (and H^SiF^ only is hydrolyzed). Titrate with 0.5 N NaOH 
to the phenolplithalein end point (faint pink persisting for 15 sec.). The titration 
results correspond to 4 of tlie G fluorine atoms in H^SiF^. 

nr Tj c*r? (milUlUcvs of NaOH) X (normality of NaOH) X 0.05602 X 100 

/o ri2bir6 ™ ’1 • 1 ' • 

sample weight m grams 

This procedure may give slightly high results. 

Calculations.— From the initial determinations, values are known for % Total 
Acidity (hot) as and for % Total H 3 IIO 3 expressed as HBF^ (see "Calcuia- 

lions," on p. 575). From the iiidepeudcnt determinations given above, values for % 
HoSO^ and % HgSiF^ are obtained; these last percentages are reported. In addition, 
the actual percentage of and actu. 1 l percentage of Free H3BO3 are calculated 

as follows and reported-, the Actual % HUF^ = % Total Acidity (hot) as HBF 4 - % 
H 2 SO 4 X 0.4477 - % HjSiFy x 0.9141. Actual % Free H 3 BO 3 = (% Total H 3 BO 3 
expressed as HIJF4 — Actual % HBF 4 ) X 0.7042. (These two calculations apply In 
the usual case where the product contains tree H 3 BO 3 ; where free HF is present, 
analogous equations may be derived from the stoidiiomeiry involved.) 

DETERMINATION OF CHLORIDE IN FLUOBORIC ACID 

Where of interest, trace diloride in lluoboric acid may be determined turbidi- 
metrically essentially after the procedure described for nitric acid (see p. 5C1). 

determination OF LEAD AND COPPER IN 
FLUOBORIC ACID 

Where of interest, lead may be determined in fluoboric acid turbidiraewically 
as lead sulfide (essentially by the procedure in Vol. 1, pages 573-576) after re- 
peated evaporations with hydrochloric acid additions. Copper may be deter- 
mined after the procedures given for this metal in sulfuric acid (page 551) following 
an initial evaporation with sulfuric acid added. 

SPECTROGRAPHIG DETERMINATION OF IMPURITIES IN 
FLUOBORIC ACID 

For the specirographic examinauon of fluoboric acid, die following technique of 
sample preparation is expedient as contamination from glass, and the addition o 
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artifacts from tire neutralizing base are avoided by use of aerial diffusion of am- 

“proidure-Pipet aliquots of the Huoboric acid into mo small polyethylene ves- 
sels (e.g.. slip-on caps for vials. 16-mm. diameter. 8-mm. depth). Transfer the filled 
vessels, and also a crucible containing aqua ammonia, to a desiccator or other suit- 
able closed container. Allow to stand until one aliquot is found to be alkaline to 
indicator paper; discard this aliquot. Place the second aliquot under an infrared 
lamp; bring to dryness, and transfer the entire residue to the graphite electrode, 
and proceed with the spectrographic excitation (see pp. 552 and 565). Discard the 
polyethylene vessels. 

Remark.-This elegant neutralization technique is applicable to other acidic solu- 
tions. Some workers prefer to use a cup electrode without prior neutralization or 
evaporation of the Huoboric acid sample. 


FLUOSILICIC ACID 

Fluosilicic acid (fluorosilicic acid, hydrofluorosilicic acid, hydroliuosilicic acid, 
hexafluorosilicic acid, silicofluoric acid), HoSiFg, is offered commercially usually 
as a 30% aqueous solution (sp. gr. 1.27) and also in a reagent grade (30 to 32% 
HoSiFg). 

FLUOSILICIC ACID CONTENT 

The determination of the fluosilicic acid content of fluosilicic acid is often based 
on hydrolysis of the acid and titration with sodium hydroxide. 

HoSiFe + 2 KNO 3 + 2NaOH KoSiFe J. + 2 NaN 03 + 2 H 2 O 

KoSiFe + 4NaOH SiOo + 4NaF + 2KF + 2 H 2 O 

Procedure.oo-Add a suitable sample of HoSiFg (3 g.) to 25 ml. of ice-cold water 
in a 150-ml. beaker. Add 1 g. of solid KNOg, stir to dissolve, and add 30 ml, of ice- 
cold ethanol. Cool in an ice-water bath and titrate rapidly with 1 N NaOH to the 
phenolphthalein end point. Record the volume of NaOH consumed (and correct 
for its temperature in the buret). 

% Total Acidity as HoSiFe 

_ (milliliters of NaOH) X (norm ality of NaOH) X 0.072046 X 100 

sample weight in grams ’ 

where the volume of NaOH is corrected for temperature. 

Now heat the solution to 80°C. and titrate further with 1 N NaOH Record 

the volume of NaOH consumed in the second titration (and correct for its tem- 
perature in the buret). 


% Total HoSiFe = of NaOH) X (normality of NaO H) X 0.036023 X 100 

sample weight in grams ’ 

where the volume of NaOH is corrected for temperature. 

If no other acids are present, the consumption of NaOH in the second titration 

•>J Mint, E. and Manns, T. J., Chemist-Analyst, 50, 13, 1961 
Jacobson, C. A., J. Phys. Cheni., 27, 577. 761, 1923; ibid.,' 28, 506, I 994 . 
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should be double that in the first. Hence, from the difference in the two titrations 
the total of other acids can be calculated and is usually expressed as HF: *7 HF - 
(% Total Acidity ai HjSiFj - % HjSiFj) X 0.278. ' ° 

Remarks.— A jiegative correction of 0.6% H^SiFg has been recommended to com- 
pensate for the consumption of NaOH by silicic acid.«o Free silica, where present 
in significant amounts, may be estimated from the difference in the first titration 
conducted with and without tlie addition of (neutral) fluoride. A more elegant 
procedure for fluosilicic acid high in silica has been reported. “ 

A less exacting approadi “ is to titrate a sample of H 2 SiFg (3 g.) with NaOH 
to the plienolphtlialcin end point at room temperature; then to heat to 70 to 
80*C., and titrate wiili NaOH to a permanent pink. The total \olume of NaOH 
required is used to calculate the percentage of total acidity as HoSiFg, which may 
be simply taken as the percentage of H._jSiF,j. 

fTt TT oT' (milliliters of NaOH) X (normality of NaOH) X 0.024015 X 100 

% H2oir8 ; . . , — - 

sample weight in grams 

where the volume of NaOH is corrected for temperature. 

DETERMINATION OF RESIDUE ON IGNITION FOR 
FLUOSILICIC ACID 

The determination oE the residue on ignition for fluosilicic acid is frequently 
accomplished by addition of a few drops of sulfuric acid to a suitable sample 
(5 g.), and evaporation followed by ignition. Some workers prefer to add some 
hydrofluoric acid (2 ml.), as well as sulfuric acid (2 drops), to assure volatUizalion 
of silica. 

OTHER DETERMINATIONS FOR FLUOSILICIC ACID 

Where of interest, the determination of iron, dtloridc, sulfate, and "heavy met- 
als" in fluosilicic acid parallels the procedures given for sulfuric acid. For the 
determination of iron, a suitable sample is evaporated twice after the prior addi- 
tion of 2 ml. of HCi, and the thiocyanate procedures given for iron in sulfuric 
acid are employed (p. 549}. For the dcicrmination of chloride, a 5-g. sample is 
evaporated to dryness after die addition of 15 nig. of sodium carbonate, die residue 
is taken up in water, and tlic turbidimetric procedure for chloride in sulfuric acid 
applied (p. 542). For the determination of heavy metals, the general procedure 
given under sulfuric acid (p. 548) is appropriate. 

FLUOSULFONIC ACID 

Fluosulfonic acid, FSOgH, is olfercd commercially in a 96% teclmical grade. 
The product is usually manufactured to contain about 1% free sulfur trioxide; 
on a custom-basis, however, it can be supplied with an excess of hydrofluoric acid. 
The most expeditious approadi to the determination of the composition of the 
usual product is a conductometric titration of free sulfur trioxide with water and 
measurement of the specific conductivity at the point where all of die free sulfur 
trioxide has been converted to sulfuric acid. The conductivity value is related 
to die composition by the use of tables. (If the product contains free hydrofluoric 

SI Thomsen, S. M., Anal. Chem., 23, 973, I95L 

*52 Kern, E. F.. and Jones, T. R., Trans. Am. Electroebera. Soc., 57, 273, 1930. 
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add, a known amount of 100% sulfur trioxide is added initially.) 
is determined by an iodimetric titration similar to that employed 
(see p. 545).®^ 


Sulfur dioxide 
for sulfuric acid 


HYDROFLUORIC ACID 

Hydrofluoric acid, HF, is offered commercially as anhydrous liquid hydrogen 
fluoride (99.6% and 99.9% minimum) in steel cylinders, and as aqueous solutions, 
the usual strengtlis being 30, 45, 52, 60, and 70% HF. Reagent grade hydrofluoric 
acid, meeting American Chemical Society specifications, is available ^is to % 
HF. The analyst should be alerted to the special hazards associated with the 

handling of this acid.®^ 

The analysis of anhydrous hydrogen fluoride generally parallels that of the 
aqueous solution following initial solution of tlie sample with water-ice or frozen 
sodium clrloride solution. As special handling techniques and precautions are in- 
volved, however, the special literature should be consulted.®® Indeed, that litera- 
ture is best consulted for additional details on the analysis of the anhydrous acid. 

For the analysis of acid etch mixtures containing hydrofluoric acid, see p. 585. 

The analysis of hydrofluoric acid has been facilitated in recent years by the 
availability of plastic laboratory ware, which can be substituted for the platinum, 
silver, or wax-lined vessels formerly employed in many operations. Hydrofluoric 
acid can be evaporated at temperatures as high as 200°C.®® in dishes machined 
from polytetrafluoroethylene (Teflon). 


DETERMINATION OF HYDROFLUORIC ACID AND 
FLUOSILICIC ACID IN HYDROFLUORIC ACID 
The total acidity of hydrofluoric acid is often determined by an alkalimetric 
titration in cold solution in the presence of potassium nitrate, which precipitates 
potassium fluosilicate. The resulting solution is then heated, tlrus hydrolyzing 
fluosilicate, and the additional acidity developed is titrated alkaliraetrically (for 
relevant equations, see p. 577). From these results and the independent determina- 
tion of sulfuric acid and of sulfurous acid, the actual hydrofluoric acid content is 
calculated. Alternatively, and especially where only a relatively small amount of 
fiuosilicic acid is present, the total acidity is determined by the alkalimetric titra- 
tion in hot solution, and the fiuosilicic acid content is determined independently 
by a photometric silicomolybdate procedure. 

Titrimetric Procedure for Total Acidity in Cold Solution.-In a platinum 
weighing tube, with a platinum wire loop attached to the lid (to facilitate its 
removal widi a plastic stirring rod), establish a suitable sample (2.5 g. of 70% HF). 
Place 10 ml. of saturated KNOg solution, some chipped ice, 75 ml. of 1 N NaOH 
(from a cliamber buret) and some drops of phenolphthalein indicator solution in 
a polypropylene beaker. Now invert the weighing tube beneath the surface of the 


63 Personal communication, M. R. Singer, Allied Chemical Corp 

64 See Manufacturing Chemists’ Association, Inc.. 1825 Connecticut Avenue N W 

mgiou, D. C.. Chemical Safely Data Sheet SD-25, Hydrofluoric Acid. 48 pp Ha'i at ha.M 
a magnesium oxide-glycenn paste and. on any suspicion of contact with hydrofluoric ar d 
apply to the skin after prolonged flushing with cold water. ^ 

66 Sivinehai t, C. F., and Flisik, H. F., Ind. Eng. Chem., Anal Fd 1ft 4 -iQ loaa. cu 
^V. B.. et ah. ibid., 16, 483. 1944; Cook, C. D., and FincUater F C ’t r’h ’r 
169 1947; Phillips Petroleum Co.. Hydrofluoric Acid Alkylation, We Chapter"?' 185'’266 

66Sentementes, T. J., and De Sesa, M. A.. Chemist-Anklyst, ^ 54, 1955 
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liquid and cautiously remove the lid. Allow die acid to mix gradually. Leave 
the tube and lid in die solution. Complete die titration with 1 N NaOH to the 
first permanent pink color, while maintaining the ice temperature. Allow die 
buret to drain and read the volume ol NaOH delivered. Note the temperature 
of the NaOH solution, and add a correction of 0.00032 ml. per milliliter of I jV 
NaOH added for each degree Centigrade below its standardization temperature, 
or subtract the correction for each degree above. (Then proceed to the determina- 
tion of the fiuosilicic acid content by the titration procetlure given below.) 

% Total Acidity (cold) as HF 

_ (milliliters of NaOH) N (normality of NaOH) X 0. Q2QQQ6 X 100 
sample weight in grams ' 

where the volume of NaOH is corrected for temperature. When the percentages 
of H^,.SiI',j. Hj.SO^. and have been delcrminetl. the .ictu.il HF content nuj 

be calculated: % HF = % Total Acidity (cold) as HF — % H.,SiFgX 0-2777 -% 
H.SO^ X O.-IOSO - % Ho-SO^ X 0.1875. 

Titrimeiric Procedure for Total Acidity in Hot Solution.— Proceed as in the 
above titration in told solution, but substituting 5(1 ml. of COo-free water for the 
ice and KNOg solution. Titrate the solution at room temperature to an approxi* 
mate end point. Then heat the solution to boiling and complete the titratioji In 
the /lol solution with 1 A' NaOH to a permanem pink color. 

% Total Acidity (hot) as HF 

^ (milliliters of NaOH) X (normality of NaOH) X 0.02001 X 100 
sample weight in grams 

where the volume of NaOH is corrected for temperature. When tlie percentages of 
H«.SIF,,. H.,SO^, and H.SO3 have been determined, die actual HF contejit miy 
be calculated: % HF *% Total Acidity (hoi) as HF - HaSiFgXO.SSSl - % 
Ho.SO^ X 0.4080 - % HgSOj X 0.4875. 

Tiirimetric Procedure for Fiuosilicic Acid.— Heat tJie solution remaining from 
the titration of the total acidity in cold solution (see above) to about 80*C. and 
titrate with 1 N NaOH to tlic first permanent pink color. 

m t_T c-r. (milliliters of NaOH) X (normality of NaOH) X 0.03602 X 100 
/o rl20ir 6 — ^ — - . , . ~ 

sample weight m grams 

where the volume of NaOH is corrected for temperature. 

Photometric Silicomolybdaie Procedure for Fiuosilicic Acid.«^— Place 5 ml. of 
4% NaCl solution in a platinum dish, and place in a casserole containing crushed 
solid carbon dioxide until the solution freezes solid. Wipe the outside of tlie dish 
and w'eigh on a torsion balance. Return the dish to the casserole. Add a sample 
of tlie HF containing 0.0005 to 0.0050 g. of HgSiFQ (expediently from a plastic 
pipet) and reweigh the (wiped) dish. Allow the dish to stand until the ice is 
melted. Then place on a hot water batii, and evaporate to dryness. Wasli dovvii 
the walls of the dish with about 15 ml. of water, thus dissolving the residue. Add 
10 ml. of saturated H^BOg solution and heat nearly to boiling. Cool to 38 C, 

67 Procedure, courtesy. General Chem. Div., Allied Chein. Corp.; based on Cade. C. N.. 
Iiui. Eng Chcin.. Anal. Ed.. 17, 372, 1915. 
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add 2 ml. of 5 H2SO4 and mix. Filter through retentive filter paper into a 
50-ml. volumetric flask with rinsing of the dish and filter wMi warm water. Cool 
to 26 to 30°C. and add 5.0 ml. of a freshly filtered 10% ammonium molybdate 
solution while swirling the flask, dilute to the mark with water, and mix. Allow 
to stand 10 min. Measure the absorbance of' the solution against water using a 
blue (425 m/x) filter. Calculate the percentage of HoSiFg from a standard curve 
prepared by carrying known amounts of Na^SiO^ through the procedure, starting 
Avith the establishment of a volume of 15 ml. and the addition of 10 ml. of H3BO.5. 

Remarks.— A reagent blank correction may be secured by conducting the pro- 
cedure omitting the addition of the HF sample and the cooling, heating, and filtra- 
tion steps. Where required accuracy warrants, a more satisfactory blank may be 
established by carrying two different, known amounts of HF, lotv in HoSiFg through 
tlte procedure, and extrapolating to a nil amount of HF. Phosphate interferes to 
a limited extent and, where present, a further sample of the HF may be evaporated 
luitlwut the addition of NaCl and the procedure then applied; the phosphate 
found, expressed as % HoSiFg, may be applied as a correction to the result in 
the determination of % HoSiFg. A modified procedure requiring neither an ini- 
tial evaporation nor neutralization of HF has been reported.®® 

A molybdenum blue photometric procedure is also serviceable.®® Where large 
amounts of silica are encountered in process samples, a gravimetric method is ap- 
plicable based on the precipitation of the 8-hydroxyquinolinium molybdosilicate 
moiety. 

DETERMINATION OF SULFURIC ACID IN HYDROFLUORIC 

ACID 


Sulfuric acid (i.e., nonvolatile acidity) is determined in hydrofluoric acid follow- 
ing the procedure for tliis acid in fluoboric acid (see p. 575). 

DETERMINATION OF SULFUR DIOXIDE (SULFUROUS ACID) 
IN HYDROFLUORIC ACID 

Sulfur dioxide (or sulfurous acid) may be determined in hydrofluoric acid by a 
conventional iodimetric titration. The sample is best weighed into a polyethylene 
beaker containing water. 

Procedure.-Weigh a polyethylene beaker containing a polyethylene stirring rod 
and 150 ml. of ice-cold water on a torsion balance. Add about 30 o- of HF and 
reweigh to establish tlie sample weight. At once add starch indicator and titrate 
with 0 1 N iodine to a permanent blue. To establish a blank, titrate similarly 
150 ml. of the ice-cold water. ^ 


% so, = ~ X (normality of i odine) X 0.03203 X 100 

sample weight in grams 

where V and u are the milliliters of iodine consumed by the samnl^ .nri ni i 
respectively. The factor for % H^SOg is 0.04104. ^ ^ 

®s jeAvsbury, A., Analyst, 75, 256, 1950. 

®® Brabson, J. A., Mattraw, H. G.. Maxwell r v » 

Anal. Cheni., 20, 504, 1948. ’ " A., and Needham, M. F., 
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DETERMINATION OF RESIDUE ON IGNITION FOR 
HYDROFLUORIC ACID 

In hydrofluoric acid, die residue on ignition is determined by evaporation of a 
suitable sample of the acid (15 to 20 g.), and gentle ignition of the residue. 

DETERMINATION OF IRON IN tlYDROFLUORIC ACID 
The determination of iron in liydrofluoric acid parallels the thiocyanate proce- 
dures for iron in sulfuric acid (sec p. 549), following the complete removal of hydio- 
fluoric acid by a double evaporation. A suitable sample of the acid is weighed 
into a platinum dish and evaporated on a hot plate. The residue is dissolved, with 
swirling, in 2 ml. of sulfuric acid and 5 ml. of hydrocliloric acid, and evapon-ited 
to dryness. The same amounts of the two acids arc again added and die solution 
is just taken to sulfur irioxule fumes. The residual solution is ilien transferred 
to a lOO-ml. volumetric flask (or Nessler tube) with water rinses and the thio- 
cyanate procedures given for sulfuric acid are thereupon followed (p. 519). 

DETERMINATION OF "HEAVY METALS" IN 
HYDROFLUORIC ACID 

The determination of “heavy metals" in hydrofluoric acid may be effected by 
the general procedure given for sulfuric acid (see page 548) with sodium carbonate 
added in the initial evaporation. 

WATER CONTENT OF HYDROFLUORIC ACID 
The Karl Fischer titration is directly applicable to Uve determination of hydrous 
hydrofluoric acid at least in the 50% strength region, tlic sample (0.3 g,) being 
added directly to 25 ml. of absolute methanol. Tin’s titration can also be applied 
to tbe determination of the water content in the substantially anhydrous region 
above about 90% HF employing a pyridine or pyridine-methanol medium. For 
this high strength region, a coticcntrattoii method is also useful. A weighed sample 
in a special boiler fabricated of platinum is placed in a steam bath and is evapo- 
rated until the boiling point reaches exactly OO'F. The residue, which corresponds 
to a 90% HF-I0% H^O composition, is weighed. The water content of the orig- 
inal sample may then be calculated, applying a correction for any nonvolatile 
acid present in significant amounts. 

OTHER IMPURITIES IN HYDROFLUORIC ACID 
Where of interest, other impurities in liydrofluoric acid may be determined by 
the procedures given for other mineral adds. Trace chloride may be determined 
turbidimetrically, phosphate by a photometric molybdenum blue procedure after 
initial evaporation, and arsesuc by the general Guueit procedure after an initial 
evaporation with added sulfuric acid. Copper, lead, and nickel may be deter- 
mined by photometric methods. The spectrographic examination of trace impuri- 
ties in hydrofluoric acid parallels iliat given for nitric acid (see p. 565). For the 
analysis of reagent grade hydrofluoric acid, relevant monographs should be con- 
sulted (see footnote 27, p. 552). 

Mitchell, J., and Smith, D. M., Aquametry. Iiuerscience, New York, 1918, p. 243. 

68b Procedure. General Chem. Div., Allied Chem. Corp. 
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PHOSPHORIC ACID 

Phosphoric acid (i.e., ortlio-phosphoric acid), H 3 PO 4 . is commonly offered m the 
teclinical grade in strengdis of 50, 75, and 85% HgPO^ and m a food grade as 
50*^ and 75%. Products containing more phosphorus pentoxide than present m 
100^ phosphoric acid are receiving increasing commercialization and the 105% 
HgPo/strengdi (i.e., 76% Total P.Og) is well-established. A 

ino- American Chemical Society specihcations, has a strength of 85-8/% H 3 PU 4 . 
Specific gravity-composition data for 30-110% phosphoric acid are given in the 
table on page 622. For information on the analysis of alkaline phosphates, com- 
plex phosphates and lower oxy-acids of phosphorus, see Vol. I, Chapter 35. 


PHOSPHORIC ACID CONTENT 

Since phosphoric acid is a nonvolatile acid, no special precautions are needed 
in the establishment of its phosphoric add content. 


PHOSPHORIC ACID CONTENT BY SPECIFIC GRAVITY 

Since die specific gravity of aqueous solutions of phosphoric acid increases regu- 
larly and shows considerable spread over the entire range of concentrations en- 
countered in commercial products, hydrometer measurements are favored for prod- 
uct control. 

Procedure for Specific Gravity by Hydrometer.— With a hydrometer graduated 
to read specific gravity at 15.5“C. (or bO^F.) compared to water at 15.5°C. (or 60°F,), 
take the hydrometer reading of the H 3 PO 4 sample at room temperature (21-29°C.) 
taking the usual precautions (see page 534). Also record the temperature. (If the 
hydrometer and associated thermorheter have been calibrated, correct the values 
accordingly.) Calculate the specific gravity at 25°C. compared to water at IS-S'C. 
from the allowances for temperature given at the end of the table on page 622 
and from that table the % H 3 PO 4 . For some purposes the result is expressed as 
% PoOg = H 3 PO 4 X 0.72426. 

Example.— For a H 3 PO 4 sample a hydrometer value of 1.568 was found at 28.1°C. 
(as corrected for tlie hydrometer and thermometer calibration data). From the 
table (page 622), the approximate strength is 75% H 3 PO 4 ; hence, the allowance 
per degree, according to the table, is 0.00075. Hence, specific gravity 25V15.5°C. 
= 1.568 -f (28.1 — 25.0) X 0.00075 = 1.570. Therefore by interpolation in the table, 
the % H 3 PO 4 is found to be 74.60%. The % P 3 O 5 = 74.60 X 0.72426 = 54.03%. 


PHOSPHORIC ACID CONTENT BY TITRATION 
Only the first two hydrogens of phosphoric acid are sufficiently strong to permit 
tlieir simple, direct titration with a strong base in an aqueous medium. However, 
tire visual titration of either of the hydrogens requires special considerations in 
order to secure satisfactory results; hence a potentiometric titration is often pre- 
ferred using a pH-meter with a calomel-glass electrode pair. Where other snon<r 
acids are present, die difference in the results of the titration to the pH values 
represented by the first and second hydrogens corresponds to phosphoric acid only 
(see Vol. I pages 816-818 for further details). Where high precision and selectiv- 
ity IS sought, as in referee analysis, eidier a magnesium pyrophosphate eravimetrir 
method (Vol. I, page 812) or a phosphomolybdate titrimetric method (^1 I page 
ol4) is recommended. ^ 
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DETERMINATION OF SULFATE IN PHOSPHORIC ACID 

Wliere encountered in suffidcni amounts, sulfate may be determined gravimet- 
rically as barium sulfate by the conventional procedure (Vol. I), following initial 
boiling of the diluted phosphoric acid sample with hydrochloric acid (Vol. I, page 
862). Trace amounts of sulfate may be determined by a sulfide evolution method 
(see Vol. I, page 862. and this volume, page 567). 

DETERMINATION OF "HEAVY METALS" IN 
PHOSPHORIC ACID 

Heavy metals are determined in phosphoric acid essentially by the procedure 
of the Nntional Farmulaiy. For further information on the "heavy metals" con- 
cept, see page 5-18. 

Heavy MelaU Procedure.— Place a suitable sample of H3PO4 (I g. of 85% 
H3PO4) in a SO-ml. Nessler tube, add about 10 ml. of water and 5.5 ml. of 1% 
NaOH solution. Stir and dilute to aljout 25 ml. with water. Now add 10 ml. of 
saturated Hj.S water, stir gently, and ililutc to 50 ml. with water. Compare the 
color developed with that of standards containing 0 to 0.05 mg. of lead (as the ni- 
trate salt) and 2 ml. of 1 A' acetic acid (omitting the NaOH addition). As a pho- 
tometric procedure compare the unknowns and standards against water using a 
blue filter. Express the result as % Heavy Metals as Lead s (mg. of Pb in stand- 
ard matching the sample j)rcparation) X 0.1 •¥ (sample weight in g.). 


DETERMINATION OF OTHER IMPURITIES IN 
PHOSPHORIC ACID 

Arsenic is determined in phosphoric acid, especially for the purity grades, by 
tile modified Cutzeit method given in Vol. !, page 757, with an increase in sample 
size, if appropriate. Fluoride is determined by a \\Mllijrd-lVinter distillation with 
percliloric acid added, followed either by a precipitation titration ora photometric 
determination (see Vol. I, Chapter 18 and page 842, .also the lemark in this volume 
on page 562). Iron may Ijc dcicnniiicd photometrically by an o-phenanihro- 
line procedure (see Vol, I, page 553): however, the reduction of iron(III) is prefer- 
ably effected with sodium ditUiossite is\ w civvate vtvedium at pH 5-6.^“ Aluminum 
in substantial amounts in crmlc pliosjdioric acid may be determined graviinetrically 
by an 8-quinolinol procedvire or small amounts by a photometric aluminon pro- 
cedure (see Vol. I, page 856). Calcium in crude phosphoric acid may be deter- 
mined by classical methods (Vol. I, Chapter 1 1) or probably best by an ethylene- 
diamineteiraacetaie titration at pH 12-12.5 with murexide, Calcon, or other suit- 
able metal indicator (see Vol. I, page 265), following removal of the bulk of the 
phosphate by precipitation with iroii(lll) and filtration.ti by solvent extraction of 
the phosphomolybdaie moiety •- (see Vol, I, page 858), or by anion excliange.^* 
For the analysis of pharmaceutical grade and reagent grade phosphoric acid, rele- 
vant monographs should be consulted {Rational Foimula^y and works cited in 
footnote 27 on page 552), 


10 Grat-Cabanac. M . Anal. Chim. Acta, 17, 588, 1957. 

ntasiewicz, K., Byezyhska, B . and Zawadzka, H., Chem. Anal. (Warsaw), 3, KMl. lytO' 
Anal. Abstr., 7, 1282. 19G0. 

12 Collier, R, E., Chemist-Anal>si, 43, 41, 1954. 

13 Mason, A. C., Analyst, 77, 529, 1952, 
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ACID MIXTURES FOR ETCHING SEMICONDUCTORS 

Mixtures of common acids have long received special and varied application; 
the analytical problems thus introduced have not received proniinence, with the 
exception of those encountered with sulfuric acid-nitric acid mixtures (see page 
552). The evolution of semiconductors has introduced a demand for mixtures of 
high purity acids for the chemical etching of these devices. At one time these 
acid etchants were mixed by the consuming industry; subsequently they have be- 
come items of commerce and, therefore, interest has developed in the control of 
dieir delivered composition. Holmes has discussed at length the composition and 
use of many of the semiconductor acid etchants. 

The principal etchants of commerce contain various amounts of reagent grade 
hydrofluoric acid and nitric acid with or without acetic acid. Some compositions 
contain small amounts of additives, notably free bromine or iodine, and further 
substances, which favorably influence the etching process, may be added by the 
consumer. Although the control of these mixed acids is still a subject of close 
study, their importance prompts a brief mention of some known analytical ap- 
proaches. 

A major difficulty in the analysis of these acid mixtures is dieir rapid attack of 
glass, metal, and diverse materials. In practice, this consideration rules out many 
instrumental mediods, including simple physical measurements, unless prior treat- 
ments are undertaken. 

It may be noted that samples of the etchant are expeditiously weighed in com- 
mercially available polyethylene vials and transferred by the use of polyethylene 
pipets. Since, in the manufacture of these mixtures, stratification may occur if 
the agitation is insufficient, this possibility should be recognized in establishing a 
representative sample. 

If free halogen is present in the etchant, it may be extracted initially with a 
halocarbon and be determined separately. Where acetic acid is present in the 
etchant, the organic phase should be back-washed with water to avoid losses of 
this acid and of nitric acid. 


The nitric acid-hydrofluoric acid mixture has been resolved by titrating a sam- 
ple, well diluted with Avater, Avith standard caustic to the phenolphthalein end 
point. The result corresponds to the total acidity. Then sodium chloride is added 
to the resulting solution to saturation. The solution is heated to 70° to 80°C. 
and acid and base are added to make die solution just alkaline to phenolphthalein. 
The solution is then titrated Avith an aluminum chloride solution to the methyl 
red end point. The result of tire second titration corresponds to hydrofluoric acid- 
the nitric acid content is found by difference.^®'! 

For the analysis of the hydrofluoric-nitric-acetic acid mixture, one group has sup 
gested an approach that involves both acid-base titrimetry and spectrophotometrv 
After aO-fold dilution of one sample of the etrhant with water, nitric acid is deter 
mined via its absorption in the ultraviolet at 300 m/i with water serving as the refer 
ence. The dilution of the sample reduces the rate of corrosion to a point that con 
ventional quartz cells may be employed. Then tAvo identical samples of the etclriiu 
are weighed; one is dissolved in water and the other in a similar volume of methanol. 

Electrochemistry of Semiconductors, Academic Press, Lon- 
Anl Long. S. A., 
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The first solution is titrated \vith standard caustic to the phcnolphthalein end point, 
thus providing a value for the total acidity. The meihanolic solution is refluxed for 
30 minutes, thus estcrifying the acetic acid. The remaining nitric and hydrofluoric 
acids are titrated ^vith standard caustic under ice-cold conditions (to prevent 
saponification of the methyl acetate). Since the calculations depend on differences 
it is best to run all titrations in duplicate.”® A further approach to the resolu- 
tion of a hydrofluoric-niiric-acetic acid mixture imoUcs both acid-base and com- 
plexometric titrimetry. Initially after dilution of the sample with water and neu- 
tralization to about pH 7. fluoride is removed by tljc addition of a known, excess 
amount of calcium chloride. The mixture is diluted to known volume and the 
calcium fluoride precipitate is allowed to settle. The excess of calcium ion in one 
portion of live clear supernatant liquid is titrated with cthyicnediaminetetraaceiate 
at a suitable pH and employing an appropriate metal indicator. A second portion 
of the supernatant liquid is passed through a column of a strongly acidic ion ex- 
change resin in the hydrogen form, thus exchanging calcium for hydrogen ion. 
TJie effluent is then titrated with standard caustic potcntionietn’cally (glass-caloinel 
electrodes). The first titration break corresponds to the moles of nitric acid orig- 
inally present and twice the moles of calcium ion added inilially. The difference 
between the first and second titration breaks corresponds to the moles of acetic 
acid present. For internal phint control it may be expedient to express the re- 
sults in terms of the molarity of each acid in the product, ratJtcr than in weight- 
weight per cent. Alternatively, the percentage results may be placed on a weight- 
volume basis. Either approach allows a sample to be established on a volume basis. 

FREE ACIDITY IN THE 1>RESENCE OF 
HVDUOLYZ.VBLE IONS 

‘’Free" acidity is die amount of acid wliich would remain in a solution if the 
hydrolyzable ion were removed or replaced by a nonhydrolyzable ion (other than 
hydrogen ion). The deicrminaiioti of the ficc .icidiiy is of practical importance, 
for example, in meial-descaling. ore-lcachiiig and orc-processing solutions, in alums 
and acidic salt solutions, and in acidic electroplating baths. The direct titration 
vadsu-m. t'.w vow bavi and the 

visual end point may be obscured by the formation of a precipitate or may be 
poorly defined. In some cases, a precipitant for the hydrolyzable ion may be 
added, for example potassium fluoride for aluminum (in alums), and iron(III),'*'’® 
and sodium diliydrogcn phosphate for iron(lll).” Alternatively an agent forming 
soluble complexes may be added, for example, oxalate for various ions,'' cop- 
per(ll) and aluminum,"'® and citrate for iron(lll).*^® 

”c Jones, J. W.. aiu! Deiidv, J. M., pjpci. l*iusliurgli Conference on Analytical Cliem 
istry and Applied Spcctioscopy, March 1961; pnicedure of Texas Instruments, Inc. 

*3d Morgen thaler, L. P, unpublished work; procedure of Western Electric Co., Inc, 
Engineering Research Center, Pniicelon. New Jeisey. 

'*Eder, T., Z. anal. Cheni., 119, 399. IfMO: Scott, W. W., J. Ind. Eng. Chem., 7, mJ. 
1915; Ciaig, T. J , J. Soc Chcin. Ind., 30, 184, 1911. 

'5 Kolthoff, I. M., and Sienger, V. A., Volumetric Analysis, Interscience Publishers, Inc., 
Kew York, Vol. 11. 1947, p. 111. 

”Ahliim, C. C.. Analyst. 31, 168, 1906; J. Chem. Soc., 89, 470, 1906. 

' " Booman, G. L., et al.. Anal. Chem., 30, 284, 1^8. , , . 

'8 Verma, M. R., Bhuchar, V. B., Mathur, S. K., and Sharma, S. S., Chemist-Analyst. » 

, 1959. 

” Hahn, F. L., and Hartleb, E.. Z. anal. Chem.. 71, 225. 1927. 

80 Bishop, J. A., and Summ, S., Chemist-Analyst, 43, 96, 1954. 
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A further approach to tlie establishment of free acidity involves the determina- 
tion of a measure of the “total” acidity and, independently, of the concentration 
of the hydrolyzable cation in the sample solution, which may be expressed as 
“bound” acidity, and calculation of the "free” acidity by a difference method. Foi 
example, an aliquot of the acidic sample solution may be passed through a cation 
exchange column in the hydrogen form and the effluent titrated alkalimetrically. 
The' hydrolyzable ion is then determined in a second sample aliquot by an appro- 
priate method. A second variation involves addition of an excess of a strong 
chelating agent, which complexes with all of the hydrolyzable cation, and then an 
alkalimetric titration. The concentration of the hydrolyzable cation in the sarnple 
solution is determined in a furdrer aliquot by either a redox or chelometric titra- 
tion. The free acidity corresponds to the difference of the two results, suitably 
e.xpressed. 

Procedure for Free Acidity in Presence of Iron{III) Salts.— Saturate the acidic 
sample solution with sodium or potassium citrate. Add phenolphthalein and ti- 
trate with COo-free standard NaOH solution. As the end point is approached, 
add furdier citrate and stir well to assure saturation of the solution. The free 
acidity is given by the ml. of NaOH added, since the secondary citrate ion, 
is completely neutralized at the phenolphthalein end point.8“ 

Remarks.— The procedure is especially applicable to hydrochloric acid liquors 
used in descaling iron. The iron must be in the tervalent state for the complex- 
ation to be fully effective. 'Where preferred, iron(lll) may be precipitated with 
NaHoPO^ and the mixture titrated to the methyl orange end point; or this metal 
may be precipitated with potassium fluoride solution (neutralized to the faint pink 
color of phenolphthalein), the mixture diluted to known volume, and an aliquot 
of the clear supernatant liquid titrated to tlte phenolphthalein end point. 

Procedure for Free Acidity in Presence of Bismuth, Iron{III), or Chromium{lIl) 
Salts.— To a measured volume of the sample solution, add a volume of a water 
solution of disodium ethylenediaminetetraacetate sufficient to complex all hydro- 
lyzable cations present and about 1% in excess of the stoichiometric amount re- 
quired. If a precipitate appears, stir until solution is complete. (A concentrated 
solution of the chelating agent is preferred, especially where a high concentration 
of hydrolyzable cations is present, in order to reduce the dilution and thereby the 
formation of hydroxo complexes that react only slowly with the complexing agent.) 
Where chromium(III) is present, boil the solution 3 to 5 minutes to effect full 
complexation, and cool. 

Titrate the resulting solution tvith a standard NaOH solution (0.1 or 1 N) poten- 
tiometrically (glass-calomel or quinhydrone-calomel electrode pair) or in the case 
of a colorless solution (e.g., bismuth salt solutions) to a visual end point with 
mediyl red or methyl orange. Record the volume of base required. 

Now determine the molar concentration of the hydrolyzable metal ion in the 
sample solution. For chromium(III), oxidize to chromium(VI) and apply a redox 
titration (see Vol. I, pp. 354-6, 361-2). For bismuth, employ a direct ethylene- 
diaminetetraacetate titration with tlriourea as the indicator (see Vol. I pp 199-2001 
or better, xylenol orange (titrating at pH 1 to 3 to a red to yellow end point/ 
For iron(III), use either a redox titration (see Vol. I, pp. 538-59) or a direct 
ethylenediaminetetraacetate titration with sulfosalicylic acid as the"^ indicator /ti 
trating at pH 1.8 to 3.0 in warm solution to a red-violet to yellow end point) ^ ' 

The free acidity of the sample solution, expressed as % weight-by volume is 
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% Free Acidity (lo/c) = — 2[Afe"+]'\ X — 

\ a / 10 

where Nf, and Fj are the normality and volume of the NaOH solution used in the 
alkalimetric titration of a milliliters of die sample solution, E is the equivalent 
weight of the relevant acid in the sample solution, and is the molar con- 

centration of die hydrolyzable metal ion in the sample solution. It is noteworthy 
that in this equation the factor 2 is rc(]uirccl as 2 moles of hydrogen ion are liber- 
aieti in tlie complexation of 1 mole of metal ion with ethylcnediaminetetra- 
acctatc.*'”' 

rORMIC ACID 

Formic acid, HCO^H, boiling point lOO-S'C,, is available in a technical grade in 
85% and 90% strengths and a reagent grade, meeting American Chemical Society 
specifications, containing 88% HCO^H minimum. A purified grade of 98% mini- 
mum HCOjjH content is available in small package sires. Formerly a pliarraa- 
ceuticdl grade containing 24-26% HCO..H was also employed (see National Formu- 
lary IX). 


DETERMINATION OF FORMIC ACJD CONTENT 

If formic acid is present alone (with water) or other acids are present in negli- 
gible amounts, a conventional alkalimetric titration of the total acidity serves for 
the establishment of tlie formic acid content. WJicre other acids are present 
(that do not react readily with pcniianganate), a redox titration is preferable. 
Usually permanganate is added to an alkaline solution (thus avoiding the \olati- 
zation of formic add in acidic solution and its slow rate of oxidation to carbon 
dioxide and water in the cold), the solution is acidified, an excess of oxalate is 
added, and a hack-titration performed. 

AlkalimetTic Titration Procedure.— Since formic add is a volatile acid, employ 
one of the special techniques in (he establishment of the sample (see pages 535 
dirough 539). Transfer the sample (1.9-2.3 g. of 90% HCO.^H) to 200 ml. oI 
COo-free water in a stoppered flask or bottle. Titrate with 0.5 N NaOH from a 
chamber buret (see footnote page 536) to the phenolphthalein end point. Allow 
the buret to drain and read the volume of NaOH delivered. Note tlie tempera- 
ture of the NaOH solution and add a correction of 0.00030 ml. per ml. of 0.5 N 
NaOH added for each degree Centigrade below its standardization temperature; 
or subtract the correction for eadi degree above. The % Total Acidity as HCO>H 
= % HCO 2 H (if no other acids present) = (ml. of NaOH, corrected for tempera- 
ture) X (normality of NaOH) X 0,046026 X 190 -h (sample weiglit in g.). 

Redox Titration Procedure.— Since formic acid is a volatile acid, employ one 
of the special techniques in the establishment of the sample (see pages 535 through 
539). Transfer the sample (2 g. of 90% HCOjH) to a 500-nil. volumetric flask 
containing about 200 ml. of water. Dilute to mark with water. Transfer a 50 m • 
aliquot to a conical flask and make alkaline wiili NaoCO^. Warm the solution 
and add a known, excess amount of 0.1 N (i.e., 0.02 Af) KMnO^ from a lOO-im. 
buret. Add 0.1 N (i.e., 0.05 Af) oxalic acid in excess of that needed to dissolve the 

soa I'olyak. E. A.. Zhur. Anal. Khlm., 17, 355, 1962. 

81 Tor additional methods for the determination of formic acid, see J- B. McNair, A , 
of I'ei mentation Acids, WeiteniJore PiesS, Los Angeles, 1947, chapteis 2 and 3. 
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MnOo precipitate and also 10 ml. of 6 N H2SO4. Titrate the excess of ojmlic acid 
with the 0.1 iV KMnO^. Note the total volumes of oxalic acid and KMn04 deliv- 
ered. In a separate titration establish the equivalency of these two solutions, ex- 
pressed as F = ml. of KMn04 solution equivalent to exactly 1 ml. of oxalic acid so- 
lution. Then the % HCOoH = (ml. of KMn04 - ml. of oxalic acid X F) X (nor- 
mality of the KMn04) X 0.023013 X 100 -f- (sample weight in g. represented by the 

solution aliquot taken). _ 

Remarks.— Some workers prefer a redox titration method based on addition of 
an excess KMn04 to the alkaline sample aliquot, heating to 70°C., addition of a 
sufficient amount of KI solution, and back-titration with standard Na2S203 so- 
lution. 


DETERMINATION OF IMPURITIES IN FORMIC ACID 
Small amounts of sulfate in formic acid are determined by the turbidimetric or 
photometric barium sulfate procedures given for sulfate in nitric acid (see page 
560). Chloride is determined turbidimetrically as silver chloride. An appropriate 
sample of the acid (10 ml. of 90% HCO2H) is added to 50 ml. of chloride-free 
water and 3 drops of concentrated nitric acid added. The procedure thereafter 
follows that given for chloride in sulfuric acid (see page 542), except that the 
standards are prepared with 3 drops of nitric acid and with the sulfuric acid addi- 
tion omitted (and at the level of accuracy here required omitting the addition of 
chloride-free formic acid). For the determination of residue on evaporation 
(i.e., total solids) a suitable sample is evaporated to dryness on a steam bath, dried 
at 105°C. and weighed. The residue is then dissolved in a little hydrochloric acid 
and the solution diluted to volume; aliquots of this solution can then be used 
for the photometric determination of lead (see page 548) and of iron (see page 
549). For the analysis of reagent grade formic acid, the relevant monographs 
should be consulted (see footnote 27 page 552.) 


ACETIC ACID 

Acetic acid, CH3CO2H or HC2H3O2, is offered in the technical grade in various 
strengths ranging from 28% tlirough 56% (redistilled) to the glacial acid (98%, 
minimum). In the pharmaceutical grade, the U. S. Pharmacopeia describes a 
36-37%, strength and a glacial acid (99.4% minimum). Reagent grade (glacial) 
acetic acid, meeting American Chemical Society specifications, contains 99.7% 
HC0H3O2 minimum and is also available “conforming to dichromate test.” Gla- 
cial acetic acid melts in the region 13.3 to 16.6°C., corresponding to 98% and 100% 
strength, respectively. Specific gravity-composition data for acetic acid appears on 
page 621.S- ^ 


DETERMINATION OF ACETIC ACID CONTENT OF 

ACETIC ACID 

The measurement of the specific gravity via a hydrometer is not extremely use- 
ful for the establishment of small differences in the strength of acetic acid solu 
tions since the variation in specific gravity is not large and a maximum exists at 


“ % "Loi. a” 20 " c!rr4;'’8S,rvrga7ir4% 



590 COMMERCIAL ACIDS AND BASES 

77-80% acetic acid (see table, page 621). Acetic acid is usually determined by an 
alkalimetric titration. Since acetic acid is a weak acid, phenolphthalein is used 
as the indicator and water freshly freed of carbon dioxide by boiling should be 
used in dilutions. The result should be corrected for tlie content of any other 
acidic materials present to obtain the "true" acetic acid content. 

Procedure for Total Acidity of Acetic Acid.— By the use of a weighing bottle 
introduce a sample of 5 to 6 g. of glacial acetic acid (or its equivalent of a weaker 
solution) underneath tlie surface of 200 ml. of COo-free water and 75 ml. of I .V 
NaOH (from a chamber buret, see footnote page 536) contained in a casserole. 
Complete the titration with I N NaOH to the plienolphthalein end point (faint 
permanent pink). Note the temperature of the NaOH solution and add a correc- 
tion of 0.00032 ml. per ml. of 1 N NaOH added for eaci) degree Centigrade below 
its standardization temperature: or subtract the correction for each degree above. 
The % Total Acidity as HCaH^Oo = (ml. of NaOH, corrected for temperature) X 
(normality of NaOH) X 0.060*053 X 100 ~ (sample weight in g.). If the sample con- 
tains a significant amount of other acids, a correction may be applied following 
their separate determination. For example, % HCoH^O., » % Total Acidity as 
HCoHaOo - (% HCOoH X 1.305) - (% HCl X 1.G47) - (% HoSO^ X 1-225) - (% 
HoSOgX 1-463). 

DETERMINATION OF FORMIC ACID IN ACETIC ACID 

The determination of formic acid in acetic acid is usually based on the reduc- 
tion of mercury(n) to insoluble mercury(I) chloride, which is filtered, dried, and 
weighed. 

HCO 2 H + 2HgCl3 -» Hg 2 Cl 2 1 + CO. t + 2HCI 

Procedure.— Transfer a 5*g. santplc of glacial acetic acid (or its equivalent of a 
more dilute solution) with 5 g. of sodium acetate, 40 ml. of a 5% HgClj solution, 
and 30 ml. of water to a conical flask with standard taper neck. Attach a reflux 
condenser and heat in a boiling water or steam bath lor 2 hours. Filter Uve pre- 
cipitate of HgoCI,, dry at 105*C. in an oven, and weigh. % HCOoH ® (weight of 
HgoClj in g.) X 0.0975 X 100 4 - (sample weight in g.). 

Remarks.— For the routine analysis of many samples an integrated rc.igeiit may 
be prepared, namely, 30 g. of HgCU and 65 g. of sodium acetate in 1000 ral. of 
water; 75 ml. of this solution is used in the procedure and no water is added. 
For high purity acetic acid, limit tests for formic acid (and other reducing sub- 
stances) are often employed based on a reaction with permanganate or dichromate 
ion. 

The further addition of 2.5 ml. of a 2% hydroxylamine liydrochloride solution 
to the flask has been recommended.** This catalyzes the reduction, allows heating 
at 50-60®C. for one hour, and tends to obviate any reducing action of sulfurous 
acid present. 

Lead tetraacetate procedures have also been suggested for the determination of 
formic acid with the advantage drat formaldehyde does not interfere.®* 

83 Germuth, F. G., Chemist-Analyst, 17, No. I, 7, 1928. 

s* Perlin, A. S., Anal. Chem., 26, 1053, 1954. 
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determination of SULFUROUS acid (SULFUR DIOXIDE) 

IN ACETIC ACID 

The method o£ determining sulfurous acid in acetic acid is based on an todi- 

metric titration. x ^ 

Procedure.— To 200 ml. of water add some starch indicator and just sumcient 

0.01 N iodine to attain a faint blue color. Now add 100 ml. of the glacial acetic 
acid (or an equivalent amount of a more dilute solution). Titrate with 0.01 N 
iodine to a permanent faint blue color. Record the ml. of iodine required (after 
tire addition of tire sample). % H.SO3 - (ml. of iodine) X (normality of iodine) 
X 0.04104 X 100 (sample weight in g.). For % SOo, the factor is 0.03203. 

DETERMINATION OF OTHER ACIDS IN ACETIC ACID 
Where present, other acids in acetic acid may be determined by conventional 
methods. Hydrochloric acid in small amounts may be determined turbidimet- 
rically (page 542) or in large amounts by a Volhard titration (Vol. I, page 329) or 
gravimetrically as silver chloride. Small amounts of sulfuric acid may be deter- 
mined turbidimetrically as barium- sulfate, best after adding a small amount of 
sodium carbonate, evaporating to dryness, dissolving in nitric acid, and then pro- 
ceeding as given for sulfate in nitric acid (page 560). Trace sulfate may be de- 
tennined by a sulfide evolution method (see page 567). (Acid etch mixtures con- 
taining acetic acid are briefly considered on page 585.) 


DETERMINATION OF OTHER IMPURITIES IN ACETIC ACID 
The % residue on evaporation is determined routinely via the evaporation 
of 100 ml. of glacial acid (or an equivalent of a more dilute solution) in a 
weighed porcelain or platinum dish. Often the residue is used for the determina- 
tion of metals of interest, including iron by the photometric thiocyanate procedure 
(page 549), and for the spectrographic examination of trace impurities (see page 
565). ‘‘Heavy metals” may also be determined in this residue (page 548); alter- 
natively, the more general evaporation step for this determination may be em- 
ployed as given on page 548. Where of interest small amounts of water may be 
determined by a spectrophotometric determination or titration based on the 
addition of acetic anhydride ss or by the Karl Fischer method.so.sr Further eleo-ant 
approaches to the determination of water are temperature rise and thermometric 
titration metlrods based on the addition of a standard acetic anhydride.s^ 


ACETIC ANHYDRIDE 

Acetic anhydride, (CH3C0)20, is available in the technical grade in various 
strengths (in acetic acid) ranging from 75-95%, and in a reagent grade, meeting 
American Chemical Society specifications (97% minimum). Impurities in acetic 
anhydride are determined, after initial solution in water, by the established methods 
for acetic acid. The determination of the acetic acid anhydride content is usuallv 
based on the determination of unreacted acetic acid following the reaction of the 
anhydride with aniline or another base. An alkalimetric titration is possible, after 


S5 Bruckenstein. S., Anal. Chem., 28, 1920, 1956; ibid., 31, 1757 1959 
York! Interscience Publishers, Inc., New 

sr Greathouse, L. H., Janssen, H. J., and Haydel, C. H., Anal. Chem., 28, 357, 1956. 
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solution of a sample of the anhydride in water; however, great care is required 
in the titration since any error is magnihed in the final calculation of the acetic 
anhydride content. A modern approach which couples rapidity with good accuracy 
involved the addition of known amounts of water to the anhydride and measure- 
ment of the maximum temperature rise. 

For 90-100% acetic anhydride, a spectrophotometric determination of its acetic 
acid content has been devised involving direct measurement of the sample in the 
near-infrared region at 1505 m^; Urc result may lie expressed as % acetic anhy- 
dride.** 

Alkalimelric Tilralian Procedure.— \ suitable sample is dissolved in water and 
titnited directly with standard sodium hydroxide solution to the phenolphthalein 
end point, or an excess of sodium hydroxide or barium hydroxitle is added and 
the excess of the strong base is titrated with standard sulfuric acid solution to die 
plienolphthalein end point. In either method the original sample solution must 
be allowed to stand for a sufficient time (or be warmed) to allow complete hydrol}- 
sis of the anhydride. The result of cither titration corresponds to % Total 
Acidity as HCaHjO^. (If any other acids are present and are separately deter- 
mined, a value for the % Actual HC^HgO^ may then be obtained by appropriate 
subtraction.) The % acetic anhydride = 5.667 X {% Total Acidity as HCjHgOj 
- 100.0). Since any error in the titration result is multiplied almost 5.7 times in the 
calculation of the anhydride content, it Is imperative iltat temperature corrections 
and volume calibration data be used for the titmm solutions. Further, it is often 
feasible to dissolve a large amount of the acetic anhydride, repeat the titration 
several times, and average the results: other portions of the solution may be used 
for the determination of impurities. 

Aniline Procedure.— Weigh into a tarod, standard taper conical flask a suitable 
sample (2 g. of 95% acetic anhydride). Add 20 ml. of water, attach a reflux con- 
denser, and heat almost to boiling for about 20 minutes. Cool, add some water, 
and titrate witli C02'free 0.5 N' NaOH from a chamber buret to the phenolphtlialein 
end point. Allow the buret to drain and read the volume of NaOH delivered. 
Note the temperature of the NaOH solution and add a correction of 0.00030 ml. 
per ml. of 0.5 N NaOH added for each degree Centigrade below its standardita- 
tion temperature: or subtract the correction for each degree above. Calculate the 
ml. of 0.5 N NaOH (corrected for temperature) required per g. of sample. 

Introduce a suitable sample (2 g. of 95% acetic anhydride) into a glass-stoppered 
conical flask containing 20 ml. of freshly distilled aniline and previously weighed. 
After cooling, reweigh. Transfer the contents of the flask with alcohol rinses to a 
large conical flask and titrate with 0.5 N NaOH in the m.rnner described for the 
initial titration. Calculate the ml. of 0.5 N NaOH (corrected for temperature) re- 
quired per g. of sample. 

From the difference in the two titration results, the % acetic anhydride can be 
calculated: % (CH3C0)20 = (diilerence in the ml. of NaOH required in the titra- 
tions per g. of sample) X (normality of NaOH) X 0.10209 X fOO. 

Procedure jor Temperature Rise A 200-mI. sample of tlie acetic 

anhydride and 4 ml. of the “balanced" catalyst (see below) are pipetted into a 

** Fernandez, J. E., McPherson, R. T., Finch. C. K., and Bockmaii, C. U., Anal. Chem., 32, 
158, I960. ^ 

88 Greathouse, L. A., Janssen. H. J., and Haydel, C. H.. Anal. Chem., 28, ’ 

the original work should be consulted for additional details and for some vana i 
the technique. 
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Dewar flask fitted with an aluminum-foil covered stopper and carrying a 0 100 C. 
thermometer graduated in 0.1 Record the temperature. Now add 25 ml of 
distilled water, slowly until a sharp temperature rise starts and then quickly. Re- 
cord the maximum temperature observed. The results are read from a curve pre- 
pared by carrying acetic anhydride standards through the procedure. Where the 
Lhydride content is greater than about 40% the sample should be diluted with 
water-free acetic acid and a suitable aliquot taken. 

Prepare the “balanced” catalyst as follows: To a 1:20 dilution of 60% reagent 
grade HCIO^ ivith acetic acid, add while cooling the solution in an ice-water bath 
die calculated amount of acetic anhydride to react with the water present in both 
acids; store the catalyst in a tightly closed container in a refrigerator in the frozen 
state. (The catalytic efficacy is not impaired over a week’s storage, although the 
preparation may yellow somewhat.) 

OXALIC ACID 

Oxalic acid, HOoC-COoH, is offered commercially as the dihydrate, HoCoO^- 
2H2O, in a teclinical grade (coarse crystal, typically 99.4%; fine crystal, typically 
99.8%) and in a reagent grade, meeting American Chemical Society specifications. 
An aqueous solution of oxalic acid loses acid by volatilization at 100°C. and the 
anhydrous acid sublimes rapidly at 157°C. 

DETERMINATION OF OXALIC ACID CONTENT 

The determination of the total acidity of oxalic acid serves for the establishment 
of its oxalic acid dihydrate content if a correction is applied for any other acids 
present, notably sulfuric acid. Alternatively and especially when other oxidizable 
acids are absent, a direct permanganate titration in hot solution is recommended. 

Alkalimetric Titration Procedure.— Transfer a suitable sample (2.6-2.9 g. of 
H2C0O4 -21420) to a casserole containing 150 ml. of C02-free water. Add phenol- 
phthalein and titrate with 0.5 N NaOH from a chamber buret (see footnote page 
536). Stir the solution during the titration to assure that all of the oxalic acid is 
dissolved. Record the volume of NaOH delivered. Note the temperature of the 
NaOH solution and add a correction of 0.00030 ml. per ml. of 0.5 N NaOH added 
for each degree Centigrade below its standardization temperature; or subtract the 
correction for each degree above. % Total Acidity as H2C204-2Ho0 = (ml. of 
NaOH, corrected for temperature) X (normality of NaOH)~X 0-063033 x 100 
(sample weight in g.). For the % Total Acidity as H2C20^, the factor has the 
value 0.045018. Where other acids are present and are independently determined 
a correction can be applied; for example, % H.,C.,0^ - 2HoO = % Total Acidity as 
H2C20,-2H20 - % H2S0^ X 1.285; or % H.C.O, = % Total Acidity as HoClo, 
- % H2SO4 X 0.9180. ^ 

Permanganate Titration Procedure.— In a casserole dissolve a suitable sample 
(0.6 g. of H0C2O4-2H2O) in 100 ml. of freshly boiled and cooled water Add 5 ml 
of concentrated HoSO,. Then at 25-30”C. add about 90% of the 0.1 N (i.e. 0.02 M) 
KMnO^ required from a 100-ml. chamber buret over a period of 2 minutes with 
only gentle stirring. Allow die solution to stand until the pink color is discharged 
Now heat the solution to 55-60“C. and continue the titration slowly (dropwise S 

seconds. Record the ml 

of kMnO, required. Run a blank titration to determine the amount of KMnO 
leqinred to mipart a sinnlar pink color to the solution (about 0.04 ml.’ correction) 
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The % HX204*2H20 = (mU of OtnO^ required by sample — ml. o£ KMnO 
ill blank titration) X 0.063033 X 100 (sample weight in g.). For % H-C-.O the 
factor is 0.046018. " ‘ 

Remarks.— The above procedure, based on the u’ork of Fowler and Bright,®® is 
preferable to earlier procedures in wliidi tlie entire titration is conducted in hot 
solution. 


DETERMINATION OF SULFATE IN OXALIC ACID 
Often oxalic acid contains sufficient sulfate to permit a gravimetric determination 
as barium sulfate. Wliere only small .imounts of sulfate are encountered, a turbicli- 
metric barium sulfate procedure is employed that parallels that given for su\- 
f.ite in nitric .icid (see page 561). 

Gravimetric Procedure for Sulfate.’**— To a suitable sample (20 g. of 
2H2O) in a pl.uinuin crucible add 5 ml. of 0.1 N NaOH. Evaporate on a hot plate 
and then ignite to a dull red heat on an asbestos ho.ird over a Bunsen burner. 
(The oxalic acid is partially volatilized and the remainder decomposed leaving the 
residue bl.«ck.) Cool and add 10 ml. of 10 N HCl, Transfer to a ISO-ral. beaker 
with small portions of water and boil for 5 minutes. Filter tlirough coarse filter 
paper and wash with hot water. Neutralize the combined filtrate to phenol red 
by the addition of atjueous ammonia. Now add 15 ml. of 1 N HCl and dilute to 
a volume of about 130 ml. Boil .md add 15 ml. of 10% BaCl_, solution to the boil* 
ing solution. Digest on a boiling w.ucr bath for *1 hours. Filter througli a tared 
Gooch crucible Ignited at 600'750*C. for 30 minutes. Wash with small portions 
of water until the washings arc free of chloride (AgCl test), dry the crucible at 
110®C. and finally ignite at 600*C. for 30 minutes. The % SO4 = (weight of ig- 
nited BaSO^) X 0.1 1 10 X 100 -r* (s.»mplc weight in g.). For % H..SO4 the factor U 
0.4202. 

DETERMINATION OF OTHER IMPURITIES IN OXALIC ACID 
Tlie impurities determined in oxalic acid depend on its intended use and the 
grade. Chloride may be determined lurbidimeirically, using nitric acid Cor the ad 
justment of the acidity of the sample solution and standards, after ilie piocedure 
given tar chloride in sulfuric acid 542). The icsidue on igaitiou and tiie 

water-insoluble matter (20-g. s,implc in 150 ml, of hot water) are determined by 
conventional methods. Where of interest, silica and iron may be determined after 
an initial evaporation .uul ignition similar to that used in the determination of 
sulfate in oxalic acid (see above). Silica may be (Iciennincd by a molybdenum 
blue phoiomeiric procedure (see Vol. I, page 562) and iron by a thiocyanate pro- 
cedure (see ]).ige 541)). For .ipplic.itions in the nuclear industry, tr.ice boron may 
be of some interest: An oxalic acid sample may be re-trystallizcd fiom (boron-free) 
water and an aliquot of the inoihcT li(|iior, ncuiralired with sodium hydroxide; 
trimethyl borate distilled, and after s.ipoiiification borate detci mined spcctroplioto- 
metrically by a curcumin procedure.” For information on die analysis of reagent 
grade oxalic acid, relevant monographs should be consulted (see footnote 27 
page 552). 

Fowler, R. M., and Bright. H. A., J. Research Natl. Bur. Standards, 15, 493, 1^5. 

81 In pan, after a procedure lecoinmeiidcd by United Kingdom Atomic Energy’ A 
U\, P. G. Rept. 92(W), Analytical Methods for the Inspection of Oxalic Acid, H. 
nonery Office. London, March i960. , , , vt^.hnds 

8.5 United Kingdom Atomic Eiicigy Authority. P. G. Rept- 92AV). Anab'^al ' 
for the Inspection of Oxalic Acid, H. M. Stadonerv Office. London, March IJbU. 
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TARTARIC ACID 

Tartaric add, HO„C(CHOH)XOoH or HoQH^Og. is offered commercially 
prindpally in the pharmaceutical (food) grade, meeting the tests and methods of 
the A^ational Formulary (99.7% HoCiH^Og minimum, anhydrous basis). Tartaric 
acid and potassium sodium tartrate (i.e., Rochelle salt) are die ingredients of cream 
of tartar. Tartaric add is also available in a reagent grade meeting American 
Cliemical Society specifications. Because of frequent confusion, it is noteivorthy 
that “ordinary” tartaric add of commerce is die dextro-rotator)' form and has the 
LEVo-configuradon; hence, die product may be variously teimed d-tartaric acid, 
de.vlro-tartaric acid, or “L-tartaric acid.” 

DETERMIN.ATION OF TARTARIC ACID CONTENT 
The determination of tartaric acid is best based on the isolation of potassium 
hydrogen tartrate, re-solution of diis salt, and its alkalimetric titration. 

Procedure.— Weigh an appropriate sample (6 g. of >45% assay and 12 g. of 
<45% assay) and add to IS ml. of 20% HCl soiudon. Stir the mixture for 10 min- 
utes and transfer with ivater rinses to a 200-ml. volumetric flask. Dilute to mark 
with water and mix. Filter through a dry filter into a beaker. Pipet exactly 100 
ml. of the filtrate into a 250-ml. beaker and add 10 ml. of a KoCOg solution (66 g. 
of K^COg per 100 ml.). Cover with a watch glass and boil gently for 20 minutes. 
(CaCOg may precipitate at this point.) Transfer widi water rinses to a 200-ml. 
volumetric flask, dilute to mark with water, and mix. Filter through a dry filter 
and evaporate exactly 100 ml. of die filtrate on a boiling water badi to a volume 
of about 15 ml. Add slowly to the hot solution with continual stirring 3.5 ml. of 
glacial acetic acid. Sdr for 5 minutes further. Allow to stand about 20 minutes. 
Now add 100 ml. of 95% ethanol, stir for 5 minutes further, and allow to stand 
about 10 minutes until the precipitate has settled. (Some procedures recommend 
a longer standing dme, even 2 hours or more.) Filter dirough a sintered glass 
funnel under suction. Wash die precipitate on the filter with 95% ethanol until 
free of acid (that is, 30 ml. of the washing should require the same volume of 0.2 
xY NaOH in its titradon to the phenolphthalein end point as does 30 ml. of the 
original 95% ethanol). Now wash the precipitate into a porcelain casserole with 
about 200 ml. of hot water and titrate the hot solution wdth 0.2 N NaOH from a 
lOO-ml. buret to the phenolphthalein end point. The % HoC^H^Og = (ml. of 
NaOH, corrected for temperature) X (normality of NaOH) X (0.7504) X 4 X 100 
{original sample weight in g.). 

Remarks.— It is probably best to standardize the base used against recrystallized 
potassium hydrogen tartrate. For tartrate-containing material of low assay, an 
empirical correction is often warranted: Deduct 0.3% HoC^H^Og for material con- 
taining less than 45% tartaric acid, 0.3% for 45-60%, and 0.2% for 60-70%. For 
higher assay material the correcrion is negligible. 

\Vhere crude tartrate preparadons are being analyzed, the solution finally 
titrated may be highly colored; in such an event, a potendometric end point is 
preferable. -Where “bound” tartrate as well as “free” tartrate is to be deter- 
mined, e.g., in baking powders, two equal sample aliquots are employed and in 
one an equivalent amount of NaOH is added rather than KOH.sa 

" °®“‘ Agricultural 
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Wheie the sample of tartaric acid contains negligible amounts of other acids, its 
determination may be based on an alkalimetric titration to the phenolphthaleiii 
end point (with National Formulary methods after drying die sample over P^Oj) 

DETERMINATION OF IMPURITIES IN TARTARIC ACID 

The tartaric acid, usually offered, meets the tests and methods of the National 
Fo) miliary, including loss on drying o\er phosphorus pentoxide, residue on igni- 
tion (sulfated .ish), and limit tests for oxalate, sulfate, and Iteaty metals. The sug- 
gested specifications of the FAO include assay, sulfated aslt loss on drying at 
105“C., and limit tests for arsenic, lead, copper, and oxalate.®* 

CITRIC ACID 

Citric acid. HO CCH 2 C(OH)(CO.H)CHXO;.H or HaC^HjOj, is offered prin- 
cipally in a pharmaceutical (food) gnide, meeting U. S. Pharmacopeia tests and 
methods, and both in an anhydious and monohydratc lorm (both 09.5% minimum 
HaC^HjO^, anhydrous basis). These forms are also available In a reagent grade 
meeting Americati Chemical Society specifications. The transition point of the 
monohydratc is SC-CC.: hence, rccrystnlHzation of citric acid from water above 
that temperature yields the anhydrous fonn. 

Cn'RiC ACID CONTENT 

The citric acid content of cither anhydrous citric acid or its monohydrate may be 
determined by an alkalimetric titration if other acids are present in negligible 
amounts. For general purposes, the more selective peniabromoacetone metltod is 
lecommcnded. I'ius method is based on the brominution and degradation of citric 
acid to pcntabromoacctone. which in the case of laigc amounts of citric acid m.ay 
be weiglied; however, strict aticiuion to details is necessary in order to secure 
satisfactory results. 

Alkalimetric Titration Procedure.— Titrate it suii.tble wniple (3 g. of lUt)% 
HijCoHjO;) in 50 ml. of w.iier with 0.5 N N.iOH from a 100-nil. chamber buret (see 
footnote 3 page 530) to the phenolphthaleiii end point. Allow the buret to drain 
and record the soluinc of NaOH delivered. Note the temperature of die NaOH so- 
lution and add a correction of 0.00030 ml. per ml. of 0.5 N NaOH added for each 
degree Centigrade below its standardization temperature; or subtract for each de 
gree above. The % Total Acidity as HjC^HgO, = % HaCpHjOy (if other acids 
absent) = (ml. of NaOH. corrected for temperature) X (normality of NaOH)X 
0.06404 X 100 (sample weight in g.) I'or % HaCgHgOy-HX, die factor is 
0.07005. 

Peutabionioacetoiie Gravimetric Procedure.®^— Weigh a suitable sample (2 8 g- 
of 100% H.jCpHgO-), transfer to a 50U-ml. volumetric flask, and dilute to mark 
with water. Pipet 50 ml. of tliis solution to a 230-ml. glass-stoppered flask. Add^lS 
ml. of 50% H 2 SO 4 and 10 ml. of a 40% KBr solution. Warm the solution to 53 C. 
Add slowly 40 ml. of 5% KMnO^ solution with occasional shaking. (MnO^ ^ 
precipitate at this point.) Allow to stand 10 minutes with occasional shaking- 
Add 50 ml. of a FeSO^ solution (250 g. of in 700 ml. of water and 

a* Food and Agricultuial Oiganization of the United Nations, Specifications 
.niul runty of I ood Additives, 3rd Rept., Joint FAO/W’HO Evpeit Coininittee, j 

'>5 Based pailiaHy on .1 pioieduie ol Clijiles Pfi/ei & Co, Inc.; cf. Kvnux, L, . 
Chem , 54, 12(). lUiri, aiul R. Clieiii. Mikioskop.. 7, SS*!. 1914. 
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the temperature and hydrometer. (Where the desired 

the measurement with 1 or 2 further portions of the cooled sample.) If a degree 
o£ accuracy no higher than 0.2* Baum4 Light can be tolerated, the 
will usually not require calibration; otherwise, it must be calibrated at 60 1 . and 
the correction applied to the value reacl.^o^ Further, the thermometer must be 
calibrated for precision work, and the temperature read corrected by the calibration 
data The Baurn^ reading must then be corrected to 60°F. by the application of 
the “allowance” data at the foot of page 626 and the % NH 3 established by inter- 
polation in the specific gravity-composition table for aqua ammonia given on that 
page. For the important region 24-27% NH.,, the table on page 623 is similarly 
utilized. 

Example of Calculation.-Yov a given sample a value of 25.25°Bd, Light, cor- 
rected for the hydrometer calibration, was found at a (corrected) temperature of 
45.0°F.. °B^, Light (at fiO'-F.) = 25.25 0.052 X (60-0 - 45.0) = 25.25 + 0.78 = 

26.03°Be. The factor 0.052 is found in the “allowance” data on the foot of page 
623. From the table on that page by interpolation it is found that % NFL, 


29.46%. . 

Acidimetric Titration Procedure.— Weigh a suitable sample (not more than 2.6 g. 
of 29% NHg) into a glass-stoppered weighing bottle. Slide the bottle, with the 
stopper in place, into a 500-ml. glass-stoppered conical flask containing 200 ml. 
of water. Add from a buret a volume of 0.5 N H 3 SO.J sulficient to combine 
with the NHg in the sample and about 10 ml. in e.vcess. Stopper the flask. Now 
warm gently, thereby forcing the stopper from the weighing bottle and allowing 
the ammonia to mix with the acidic solution. Cool the solution, add some methyl 
red, and titrate the excess of H^SO^ with 0.5 N NaOH. Compare the sodium 
hydroxide and sulfuric acid solutions in a separate titration, and let F = ml. of 
H 2 SO 4 equivalent to e.xactly one ml. of NaOH. % NFIg = (ml. of H.,SO.j — ml. of 
NaOH XF)X (normality of H^SO^) X 0.017031 X 100 (sample weight in g.). 

Remarks.— Some workers prefer to add the ammonia sample via a sealed bulb 
which is broken by violent agitation of a heavy walled flask or bottle (see page 538 
for details of this sealed bulb technique). 


DETERMINATION OF SULFATE IN AQUA AMMONIA 
Procedure.-Transier a suitable sample (100 g. of 29% NHg) to a 250-ml. beaker. 
Add 10 ml. of 1% Na^COg solution and evaporate to a volume of about 10 ml. 
Add 10 ml. of saturated bromine water (to assure oxidation of all sulfur to sulfate) 
and evaporate just to dryness. Dissolve the residue in a little HCl and repeat the 
evaporation. Then proceed according to the turbidimetric procedure for sulfate 
in nitric acid (page 560), omitting the first sentence. Some workers prefer to con- 
duct the turbidity measurement in 50-mI. Nessler tubes rather than test tubes 


10- For the calibration, prepare methanol-water mixtures of about ^5 25 and 

“ “ I-' »„cl take ,hd, hv.Lonter 

exactly 60°F. Since the surface tension of water-methanol and aq'ua amnioniTc liner n 
correction is necessary. Add to each reading the followino- correction- nn n I?’- 
mm. of 1-Be on hydrometer stem x diameter%f the stem i"n CT The Ld7ni^ i” ^ 
rection is then obtained by subtracting the corrected ->Be established hv v. a 
from the “Be established pycnometrically. The correction the hydrometer 

solutions is averaged. ^ conection, thus obtained, for the two 
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DETERMINATION OF OTHER IMPURITIES IN AQUA 
AMMONIA 

The residue on ignition may be determined after evaporation in a platinum dUh 
(without addition of sulfuric add). Iron can then be determined by fuming the 
resulting residue with potassium bisulfate and applying a photometric thiocyanate 
procedure (see page 549). The color of aqua ammonia is assessed either by a liraii 
test (for "Grade B”) employing a diromate staiidaid (0.06 g. K^CrgO^ in loO ml. 
of dilute H^SOJ or by the use of the APHA visual method for the color of water 
employing the platinum-cobalt standards for color units 1 through Organic 

matter is controlled by a limit test jiwolving decoloriration of permanganate. 
Hydrogen sulfide may be determined by dte iodometric procedure given for crude 
ammoiiiacal liquor (see Vol. I, page 7M). For the analysis of aqua ammonia of 
pharmaceutical and reagent grades, relevant monograplis should be consulted 
(U. S. Pharmaiopeia and rvorks cited in fooliiote 27 page 552). 

SODIUM HYDROXIDE 

Sodium hydroxide (caustic soda), NaOH, in the technical and commercial grades 
is often sold on the basis of its Na^O content and common nominal strengths in- 
clude 60. 70, 74, and 75.5% Na^O (corresponding to 77-4, 90.5, 95.5, and 97.4% 
NaOH), the last strength being considered the •‘ajih)droiis" form. Also 50% and 
73% NaOH solutions, often known as caustic liquors, are offered; the former melts 
at 53®F. and the latter at about 145*F. The U. S. Pharmacopoeia, recognizes a 
product having a total alkalinity of 95% minimum expressed as NaOH and in- 
cluding not more than 3% Na^CO^. The reagent grade, meeting American Chem- 
ical Society specifications, contains 97% NaOH minimum and the low-carbonate 
form 98% NaOH minimum and 0.5% Na^COj maximum. In addition a 50% 
sohuion (also low in carbonate) is available in the reagent grade in polyethylene 
containers. In the various grades, solid sodium hydroxide is offered in various 
physical forms including fused, stick, flake, pellet, and powder. Specific gravity- 
composition data for sodium hydroxide solutions ate given on pages 624-625. 

The analysis of potassium hydroxide is completely analogous to that for sodium 
hydroxide: hence, factors for the calculations of results for the powssium hydroxide 
analysis are given parenthetically in ilie procedures below. 

SAMPLING OF SODIUM HYDROXIDE 

Since sodium hydroxide can absorb both carbon dioxide and water from the 
atmosphere, special considerations apply in its sampling. With die fused form, 
packed in steel drums, it should be recognized that visible segregation of impurities 
occurs in the lower portion of tlie block, known as the "cone,” as distinguished 
from the remainder of the cake, known as the "body.” Hence, the block, after 
removal from the drum, should be split leiigtliwise and material from both the 
cone and the body should be separately analyzed. From tlie separate results 
average values for the entire drum are establisheil based on the estimated relative 
amounts of the cone and body. (Alternatively a composite sample mixed in these 
relative proportions may be analyzed.) For reduction to suitable size for analysis, 

103 Am. Public Health Assoc . Standard Methods lor the Examination of Water, Senage, 
and Industrial Wastes, New York. 10th Ed., 1955, pages 87-89. 
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die block samples are wrapped in a flannel clodi and hit with a mallet. Widi the 
flake and powdered forms, the top layer in the shipping container is removed to a 
depdi of 3-4 inches, and the sample taken from the central area exposed. All 
samples should be immediately placed in tightly closed containers. 

With die caustic solutions and liquors, as offered in tank cars and tank wagons, 
heatino- may be necessary to assure complete liquefaction, and a composite sample 
is established during the unloading or by repeated dipping at different depths in 
the tank itself. The sample should be stored in a tightly closed bottle (preferably 
of polyethylene if silica is to be determined). It is expedient to dissolve a weighed 
amount of the sodium hydroxide sample in water (as soon as delivered to the 
laboratory), to dilute to known volume, and to employ aliquots in tlie determi- 
nation of total alkalinity, carbonate, chloride and chlorate. A further acidified 
sodium hydroxide sample solution may be used for the determination of trace 
amounts of iron, copper, and nickel. 

Preparation of Sodium Hydroxide Sample Sohtiion.— With any form of the 
caustic, assure that a thoroughly mixed (and representative) sample has been se- 
cured. Transfer about 50 g. of the NaOH sample into a weighing bottle and weigh 
the bottle and contents. Remove a suitable sample (35 g. of 100% NaOH) to a 
beaker and dissolve at once in COo-free water. Transfer to a 500-ml. volumetric 
flask (preferably borosilicate glass), dilute to mark with COo-free water, and mix. 
Reweigh die weighing bottle, thus determining the sample weight by difference. 
(For KOH, a suitable sample weight is 45 g. of 100% KOH.) 

Preparation of Sodium Hydroxide Sample Solution for Trace Metal Analysis.— 
Weigh a suitable NaOH sample (35 g. of 100% NaOH), transfer to a beaker, and 
dilute or dissolve in about 100 ml. of water. Now pour the solution slowly and 
with stirring into a second beaker containing 100 ml. of 10 N HCl. Rinse the 
first beaker widi water and add the rinsings to the contents of the second beaker. 
Heat die solution to boiling, cool, and transfer to a 250-ml. volumetric flask. (If 
the solution in HCl is incomplete, decant the clear supernatant liquid to the flask 
and re-treat die residue with concentrated HCl and HNOg, heat, evaporate nearly 
to dryness, dissolve in water, and add the solution to the flask.) Dilute the 
acidic solution to mark with water. Label the result “Sodium Hydroxide Sample 
Solution for Trace Metal Analysis.” 

Also prepare a reagent blank by evaporating 100 ml. of the 10 N HCl to dryness 
(as Avell as the amounts of any other acids added in the sample or residue treat- 
ment) and dilute exactly to 250 ml. with water. Label the result "Acid Reagent 
Blank for Trace Metal Analysis.” Use portions of tliis sample solution and re- 
agent blank in the determination of copper and nickel (and also of iron if this is 
determined directly). (For the analysis of KOH, a suitable sample weio-fit is 50 p- 
of 1007o KOH.) ^ §• 

DETERMINATION OF TOTAL ALKALINITY OF SODIUM 

HYDROXIDE 

The total alkalinity of sodium hydroxide is best determined by addition of an 

excess of a strong acid, boiling to remove carbon dioxide, and back-titration with a 
strong base to a visual end point. >-iLiaLion witn a 

Procedure.-Transfer a 50-ml. aliquot of the NaOH sample solution to a 500 ml 
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boil the solution gently for 5 minutes. Cool, rinse down the flask walls widi water 
and titrate the excess of acid with O.I N NaOH, adding more metliyl red if nec« 
sary. (In precision work, correct the titrant volumes for temperature and Uie 
buret calibration.) Compare tlie NaOH and H0SO4 solutions in a separate titra- 
tion, and let F - ml. of HjSO^ equivalent to exactly one ml. of NaOH. The % 
Total Alkalinity as Na^O = (ml. of HjSO^ — ml. of NaOH X f*) X (normality o( 
H2SO4) X 0.030990 X 100 -i~ (weight of sample in g. represented by aliquot). Where 
of interest, the result may be expressed as NaOH or Na^COg*. the respective factors 
being 0.039997 and 0.052994. (In the analysis of KOH, tlic respective factors for 
K^O, KOH. and K3CO3 are 0.047102, 0.056109, and 0.069107.) 

DETERMINATION OF CARBONATE CONTENT OF 
SODIUM HYDROXIDE 

For the determination ol carbonate in sodium hydroxide, the gas analysis method 
is to be preferred, especially when only a small amount of carbonate is present. 
For the occasional determination (and where a large amount of carbonate is pres- 
ent), a titrimetric approach is feasible. This is based on the titration of the sodium 
hydroxide content with standard acid with carbonate precipitated as barium 
carbonate. The difference in this titration result and that for the total alkalinity 
corresponds to carbonate. 

Gas Analysis Procedure /or Carbonate.— Transfer a 50-mI. aliquot of the NaOH 
sample solution (or a larger aliquot if the carbonate content is quite small) to 
the sample receptacle of the apparatus (Fig. 12-17, Vol. I, page 503), and proceed 
as given in Voi. I on pages 302-306. As indicated on page 306, express the result 
as % NajCOa in the original NaOH sample. (In the analysis of KOH, express 
the result as % K2CO3.) The % Actual NaOH =* % Total Alkalinity as Na20X 
1.2907 - % Na^COg X 0.75474. (For the analysis of KOH, the factors in the cor- 
responding equation have the values 1.1912 and 0.81192.) 

Titrimetric Procedure for Hydroxide in Sodium Hydroxide {Indirect Determi- 
nation of Sodium Carbonate).— In a white porcelain casserole, treat a 50 ml. aliquot 
of the NaOH sample solution witli 50 ml. of a 10% BaCl2'2H20 solution, which 
has been neutralized to die faint pink of added phenolplithaJein. Stir gently and 
titrate with 1 N HCI to the disappearance of the pink color. 

From the titration result, the % Actual NaOH = (ml. of HCI) X {•normality of 
HCI) X 0.039997 X 100 -r (weight of sample in g. represented by aliquot). (For 
KOH, the factor is 0.056109.) The % NagCOa = % Total Alkalinity as Na^O X 
1.7101 ~ % NaOH X 1-3250. (For the analysis of KOH, the factors in the corre- 
sponding equation have the values 1.4672 and 1.2316.) 

DETERMINATION OF CHLORIDE IN SODIUM HYDROXIDE 

Chloride may be determined in sodium hydroxide by a conventional Volhard 
titration (see Vol. I, page 329) employing a lOO-ml. aliquot of the prepared Sodium 
Hydroxide Sample Solution (page 601). The result is often expressed as % NaC 
(or in the analysis of potassium hydroxide as % KCl). 

DETERMINATION OF SULFATE IN SODIUM HYDROXIDE 

Sulfate is usually determined in sodium hydroxide by the conventional gravi- 
metric barium sulfate procedure (see Vol. I, pages 1007-1008) after initial solutimi 
and acidification of a suitable sample of the sodium hydroxide (25 g. of 10 % 
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NaOH). The result is often expressed as % Na,SO, = (g. of ignited BaSO,) X 
0 6086 X 100 - (sample weight in g.). (In the analysis of potass, um hydroxide the 
result is expressed as K0SO4 and the factor has the value 0./466.) Where iron and 
aluminum are present in unusually large amounts, their prior precipitation from 
ammoniacal solution and separation may be desirable. 


DETERMINATION OF CHLORATE IN SODIUM HYDROXIDE 

Chlorate may be present in sodium hydroxide produced electrolytically and in 
the cell liquors. Its determination is usually based on addition of an excess of a 
reducing agent and a redox titration of the excess. One suitable procedure in- 
volves reduction with arsenite and a cerate titration of the excess of arsenite, the 
reactions being catalyzed by the addition of osmium tetroxide. 

Procedure.^o^-Transfer a 50-ml. aliquot of tlic NaOH sample solution to a 
500-ml. conical flask and add from a buret an excess of 0.01 iV (i.e., 0.005 M) Na.^sOo 
(neutralized and made about 2.5% in NaHCO.,). Now add 5 drops of 0.01 M 
OsO^ in 0.1 H..SO4. Dilute to a volume of 300 ml. with water. Warm to 60°C., 

add 2 drops of iron(II)-o-phenanthroline complex, and titrate with 0.01 A^ (i.e., 0.01 
M) cerate solution in sulfuric acid, maintaining a temperature between 10 and 
60°C., to a faint blue end point. Similarly titrate the same volume of NaAsOo 
solution, omitting the sample. % CIO3 = (ml. of cerate solution consumed by 
sample — ml. of cerate solution consumed without sample) X (normality of cerate 
solution) X 0.01391 X 100 -r (sample weight in g. represented by aliquot taken). 
Alternatively the result may be expressed as % NaClO^ by use of the factor 0.01771. 
(For % KCIO3 the factor is 0.02043.) 

Remarks.— Tht aliquot size and the amount of NaAsO^ solution added may be 
adjusted according to the chlorate content. By the addition of silver ion, as well 
as osmium tetroxide, it has been reported that the determination can be effected 
without heating.!®® 


DETERMINATION OF NICKEL IN SODIUM HYDROXIDE 
The presence of appreciable amounts of nickel, copper, manganese (and to 
some extent iron) in sodium hydroxide may render it unsuited to the production 
of viscose rayon or of a stable sodium hypochlorite solution. Nickel may be en- 
countered in various grades of sodium hydroxide from about 0.01% to below 1 
part per million. The method of analysis selected will therefore depend on the 
expected level. For tlie upper region, a photometric method is satisfactory includ- 
ing a diethyldithiocarbamate procedure employing a preliminary dimethylo-lyoxime 
extraction. At tire parts per million range a spectrographic method may be pre- 
ferred for routine control (see page 607). ‘ 

Photometric Diethyldithiocarbamate Procedure jor Ah'c/jel.r®®— Place a 100 ml 
aliquot of the NaOH Sample Solution for Trace Metal Analysis (paee 600 in a 
separatory funnel, add 20 ml. of citrate buffer A (for preparation, see below). ^ Now 
add concentrated aqua ammonia until the solution is neutral to litmus and then 
ml in excess. Add 10 ml. of a 0.1%, ethanolic dimethylglyoxime solution and 
2 m . of (metal-free) chloroform. Shake 1 minute, allow phase separation, and 

10! Based on a procedure recommended by Solvav Proces'; Dlv An:„u 

inr J-' and Szabo, M., Talanta, 1^359, 1958 ^ ^ Chem. Corp. 

Corp Based m part on a procedure recommended by Solvay Process Div., Allied Chem. 
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drain as much of the cliloroform layer as possible into a second separatory funnel 
containing 20 ml. of 2.5% aqua ammonia and 30 ral. of water. Repeat the 
extraction witli 10 ml. of chloroform. Shake the combined extracts in die second 
funnel for 1 minute, allow phase separation, and suck oil the aqueous la^er and 
discard it. Wash tlie chloroform phase twice with water. Now add 25 ml. of 1 
N HCl, shake, allow pliase separation, and scpanite and discard the organic layer. 
Add a few ml, of carbon tetrachloride to the funnel, shake for 15 seconds (to sep- 
arate chloroform), and draw off the soUciit as completely as possible. Add 10 ml. 
of citrate buller B (see below for preparation) and concentrated aqua ammonia 
until the solution is neutral to litmus and then 1 ml. in excess. Add exactly 20 ml. 
of isoamyl alcohol and 10 ml. of a 0.2% sodium diethyidithiocarbaraate solution in 
rvater (store in a refrigerator; prepare fresh every 3 weeks). Shake for 2 minutes, 
.allow to stand for 5 minutes, and slowly draw off the lower, aqueous phase. (The 
organic phase should be clear.) 

Similarly carry a lOO-ml. aliquot of the Acid Reagent Blank for Trace Metal 
Analysis (page 601) through the above extraction sclicme and retain the final di- 
ethyldithiocarbamate-isoamyl alcohol phase. 

Measure the absorbance of the final extract from both the sample and the blank 
against water at 390 millimicrons (or employ a filter transmitting in this region). 
Subtract die absorbance of the blank from that of tlic sample, and read the result 
from a caltbratiou curve pieparcd by carrying known amounts of an acidic NiSO^ 
solution through the procedure. 

Preparation of Citrate Buffers.— To prepare duaie buffer A, dissolve 200 g. of 
diammouium citrate in 600 ml. of water and adjust to pH 9>9.5 with aqua am- 
monia (pH-meiei). Add 10 ml. of 0.1% ethanolic dimethylglyoximc solution and 
extract 3 times with 10 ml. poitions of chloroform. Filter the aqueous layer and 
dilute to exactly 1000 ml. with water. 

To prepare citrate buffer B, proceed similarly but substitute 10 ml. of a 0.2% 
sodium diethyldithiocarhamatc solution in water for the dimethylglyoxime solu- 
tion and perform the extraction with 20-ml. portions of carbon tetrachloride until 
the organic phase is no longer colored. 

Remarks.-~The above procedure is somewhat tedious as a two-step extraction is 
involved. An a-furildioxime procedure employing a single extraction with chloro- 
form and with iron(lII) masked by citrate may offer superior sensitivity and ex- 
cellent seleciivity.io^ 

DETERMINATION OF COPPER IN SODIUM HYDROXIDE 

Copper in trace amounts in soilium hydroxide may be determined spectropho- 
tometrically. Some workers prefer a dicthyldithiocarbamate procedure (essentially 
that given in Vol. I, page 407); however, a Neocuproin (i.e., 2,9-dimethyl-l.lO- 
phenanthrohne) procedure offers greater sensitivity and less interference horn 
nickel and iron.^"® Alternatively copper may be determined spectrographicaUj 
(see page 607). 

Neocuproin Procedure for Cop/;er.— Evaporate a 100-ml. aliquot of the NaOH 
Sample Solution for Trace Metal Analysis (page 601), or a larger aliquot if neces- 
saiy, to dryness with a few drops of HNOg added. Dissolve the residue in water, 
dilute to a volume of about 150 ral. with water and transfer with water rinses to 

lur Mains, 1'., and Uaggelt, 11. E., Chcmist-.\nal)st. 5U, 4. 1961. 

108 Mains, r . ami Ranj^elt, K. E., Clieiiii5t-Aii,il>st, 50, 4, 1961. 
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a 300-ml. separatory funnel. Add 10 ml. of a 10% potassium sodium tartrate solu- 
tion and 1 ml. of a 10 % hydroxylammonium chloride solution, and shake we . 
Add concentrated aqua ammonia dropwise until the solution is neutral to litmus. 
Add 40 ml. of 0.025% Neocuproiii solution in 1-butanol. Shake, allow the phases 
to separate, drain the aqueous layer, and transfer a portion of the organic phase 
to a tube cuvet and centrifuge for 5 minutes to separate any suspended water. 
Measure the absorbance at 450 millimicrons versus water. Carry 100 ml. of the 
Acid Reagent Blank for Trace Metal Analysis (page 601) through the lull pro- 
cedure and subtract its absorbance from that of the sample preparation. Calcu- 
late the results from a calibration curve obtained by carrying a sodium hydroxide 
solution with known amounts of copper through both the sample preparation step 
and the above procedure. 


DETERMINATION OF MANGANESE IN SODIUM HYDROXIDE 

Manganese in trace amounts in sodium hydroxide may lie determined spectro- 
photometrically after the periodate oxidation method of Williard and Greathouse 
(see also Vol. I, page 653). Alternatively, a spectrographic procedure is feasible (see 
page 607). 

Photometric Permanganate Procedure.— Place a suitable sample (10 g. of 100^,[, 
NaOH) in a conical flask and dissolve and dilute in water to a volume of about 
50 ml. Cautiously add 30 ml. of 50% H^SO^, heat over a flame or hot plate witli 
swirling until SO 3 fumes appear. Allow the residue to cool, add cautiously 30 ml. 
of water, and warm to effect solution. Filter through paper, tiius removing silica, 
and collect the filtrate in a conical flask. Rinse the filter with hot water until the 
combined filtrate has a volume of about 100 ml. .A.dd 0.4 g. of potassium meta- 
periodate or sodium paraperiodate. Digest near the boiling point for about 30 
minutes. Cool, dilute exactly to 100 ml., tratisfcr a portion to a cuvet, and measure 
the absorbance versus water at 522 millimicrons or employing a suitable filter. 
Read the result from a standard curve prepared by carrying known amounts of 
manganese though the procedure. 

Remarks.— Tor visual comparison procedure, the total solution after cooling is 
transferred to a 100-ml. Nessler tube and compared with standards (which arc- 
stable for weeks or even months if prepared after the procedure). If large amounts 
of iron are present, phosphoric acid may be added with the sulfuric acid.io'J 


DETERMINATION OF IRON IN SODIUM FIYDROXIDE 

Where iron is encountered in large amounts with silica, aluminum, etc., in ex- 
tremely crude sodium hydroxide, it may be determined within the framework of a 
scheme for the separation and determination of these various impurities (see pa«e 
606). In less crude products, iron may be determined directly by an o-phemui- 
throhne procedure, employing hydroxylamine as the reductant (preferably with 
heating to speed the reduction) and in the presence of citrate (see vol. I, pa-e 553^ 
or this detemimation a suitable aliquot (50 ml.) of the Sodium FlydroxicU Solu- 
tion foi Trace Metal Analysis (page 601) may be employed. 

DETERMINATION OF CALCIUM IN SODIUM HYDROXIDE 

,i 2 amounts of calcium are encountered in crude sodium hydroxide tlie 

etermtnatton may be part of the integrated scheme for the separation and de- 

R.‘G’.!''iSfn, ^8: *'• >93i>i Williams, D., and Andes, 
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termination of various impurities (see below) or may be determined directly by 
an ethylenecliaminetetraacctaie titration at pH 12-12.5 employing a suitable metal 
indicator (e g., murexide, Calcon, calcein) essentially after the procedure in Vol. I 
page 265, omitting a tungstate separatton, with iron and aluminum masked by die 
additioir of adequate amounts of cyanide and triethanolamine. Where only small 
amounts of calcium are encountered (2-15 parts per million), a prior concenen- 
tion of calcium is required. The use of tlie Dowex chelating resin A-1 for this 
purpose is elegant, since any heavy metals also concentrated can be masked in the 
subsequent ethylenediaminetetraacctate titration of calcium in the eluate.'io 

Procedure for Separation and Detenninalion of Trace Coiejum.— Stir about 50 
g. of Dowex chelating resin A-1 (as recehed in the Na form) wtdt 50 ml. of 2 iV 
HCl, allow to settle, decant the acid, and wash the resin with water. Now stir 
with 50 ml. of 2 N NaOH and allow to stand for 15 minutes (the resin volume 
almost doubles). Place the lesin, now in the Na form, in a 15-cm. column on top 
of a borosilicate wool plug to a lielght of 10 cm. Wash the column with water 
until the eilluent is free of alkali. After use, tlie resin may be regenerated in situ 
to the Na form by the slow passage ot 2 N NaOH followed by rinsing of the 
column with water. The resin column must be covered witli liquid at all times. 

Dilute or dissolve a suitable sample of the NaOH (25 g. of 100% NaOH) with 
about 100 ml. of water, and just neutralize with 12 N HCl to litmus. Dilute to 
a volume of about 250 ml. and pass Ute solution through Ute chelating resin 
column (Na form) at a rate of 2 tnl. per minute. Now pass 100 ml. of water. 
Discard these effluents. Elute the calcium with 25 ml. of 2 N HCl and wash vvjth 
50 ml. of water, collecting the eluatc and wasliings in a single beaker. Add 10 
ml. of rengent grade triethanolamine and 30 ml. of 2 N NaOH solution, and di- 
lute to a volume of about 200 ml. with water. Add a suitable metal (calcium) in- 
dicator (e.g., 50 mg. of a 5:3:500 ground mixture of calcein, thymolpthalein, and 
sodium chloride) and titrate with a 0.02 iM solution of disodium ethylenediamine- 
tetraacetate (EDTA) from a microburet to the end point. Ii\ il\e same manner, 
titrate 30 ml. of the 2 N NaOH solution as a blank. The % Ca « (ml. of EDTA 
jequired for sample — ml. of EDTA for blank) X (niolarity of EDTA) X O-O'fOOS 
X 100 -i- (sample weight in g.). 

Remarks.-^The Dowex chelating resin A-I offers salient possibilities for the con- 
centration of otlier trace elements from salt solutions, such as are obtained by the 
simple neutralization of common acids and bases. 

DETERMINATION OF VARIOUS IMPURITIES IN SODIUM 
HYDROXIDE 

In the analysis of extremely crude sodium hydroxide, the determination of silica, 
aluminum, iron, calcium, and magnesium, may be integrated into a separation 
scheme ,^^2 which in essence parallels the classic approach to the analysis of tliese 
substances in gypsum (see Vol. I, page 273). A suitable sample of tlie alkali (50 §• 
of 100% NaOH or KOH) is dehydrated by hydrochloric acid evaporations, silica 
is separated, and ignited and weighed in tire usual manner. (If an appreciable 
residue remains after a hydrofluoric acid volatilization, it is fused with potassium 
bisulfate, dissolved in acidified water, and combined with the filtrate from the 

no Van der Reyden, A. J., and van Lingen, R. L. M., Z. anal. Chem., 187, 241, 1962. 

■i^rFor literature, see data sheet on product, J. T. Baker Chem. Co. .. 

112 For full procedural details, see Solvay Process Division, Allied Cliem. Corp., 

No. 9, The Analysis of Alkalies, 1961, 80 pp. 
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silica separation.) Aluminum and iron are separated by an ammoniacal precipita- 
tion icv^ted to Lides, and weighed. Iron is subsequently determined and alumi- 
num is found by difference. Calcium and magnesium m the filtrate from tlie am- 
moniacal separation are determined by gravimetric oxalate and 
methods. Of course, etliylenediaminetetraacetate titrations may be substituted lo 
the determination of calcium and magnesium and possibly of iron and aluminum 
as well. Where iron and calcium are present in only small amounts, diey may be 
determined directly (see above). Where silica is present in only small amounts, 
a molybdenum blue photometric procedure is suitable (see Vol. I, page 962).^^^ 
For die application of sodium hydroxide in the nuclear industry, the trace boron 
content may be of interest and determined, after acidification, by a methyl borate 
distillation procedure followed by the photometric determination of borate (see 
Vol. I, pages 233-235). In one study special distillation conditions have been rec- 
ommended and the use of curcumin as the chromogenic agent.^i-^ 

For the analysis of pharmaceutical grade and reagent grade sodium hydroxide, 
relevant monographs should be consulted (£/. 5. Pharmacopeia and works cited in 
the footnote on page 552). 

SPECTROGRAPHIC DETERMINATION OF IMPURITIES IN 

SODIUM HYDROXIDE 

Direct spectrographic methods using an internal standard, often molybdenum, 
are frequently employed in the control of the production of alkali metal hydrox- 
ides and carbonates. The procedures published by the American Society for Test- 
ing Materials are applicable,!^® 


POTASSIUM HYDROXIDE 

Potassium hydroxide (caustic potash), KOH, is offered in tire technical and 
commercial grades in various physical forms ranging in composition from 73 to 
96% KOH, of which the product 92% KOH nominal is tire most common. The 
U. S. Pharmacopeia recognizes a product containing not less than 85% total alkali 
as KOH and including not more than 3.5% KoCO^. Reagent grade potassium 
hydroxide, meeting American Chemical Society specifications, contains not less 
than 85% KOH, and is also available in a low-chloride form (<0.005% Cl). It 
should be recognized that in all grades, water is present and accounts principally 
for the low potassium hydroxide content. A 45% aqueous solution of potassium 
hydroxide is available in both the technical and reagent grades. 

The analysis of potassium hydroxide, other than for sodium content, is identical 
to that of sodium hydroxide; hence, the appropriate factors for potassium hydrox- 
ide have been included parenthetically in the procedures for sodium hydroxide 
(see above). Since commercial potassium compounds contain appreciable amounts 
of sodium, the determination of sodium in potassium hydroxide is of interest- the 
usual procedure, mvolving removal of ihe bulk of potassium as the perchlorate 

and the gravimemc determination of sodium as tire magnesium tiranyl acetate S 
given m Vol, I, page 16. " acetate, is 

LoVefo';.;-®':'™’ 'LtTll: M"Ser%tct 

3rrEd!ThUad%Sr\lo! Sp«d«=hemical Analysis, 
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SODIUM CARBONATE 

Sodium carbonate (soda ash, cnlciiieJ soda, "asli,’' “soda”), Na^jCOg, is offered 
principally in the anhydrous form containing nominally 58% Na^O (99% NagCOj), 
and as the monohydraie (crystal carbonate) containing nominally 48% Na.,0 (82% 
Na^COg). The anhydrous product is offered in botlr a light and dense form 
(“light ash” and “dense ash"); tlie latter is sometimes produced with a higher cal- 
cium content. (For consideration of sodium sesquicarboiiate and modified sodas, 
see below.) Sodium carbonate decahjdraie (sal soda, washing soda, soda crystals, 
natron), Na,COg*10Hj,O, is also offered commercially. The U. S. Pharmacopoeia 
recognizes a moiiohydiaie form containing 99.5% minimum Na^COg on a dried 
basis. Reagent grade sotlmm carbonate, meeting American Chemical Society speci- 
fications, is available in the anUydtous and monohydrate forms. For the analysis 
of the pharmaceutical and reagent products, relevant monographs should be con- 
sulted (C/. S. Phnnnacopeia and rvorks cited in the footnote on page 552). Since 
the analysis of potassium carbonate parallels that of sodium carbonate, factors for 
the former ate given parenthetically in the following procedures. 

SAMPLING OF SODIUM CARBONATE 

For the analysis of sodium carbonate, a Sodium Carbonate Sample Solution and 
a Sodium Carbonate Sample Solution for Trace hfeial Analysis are prepared in the 
same manner as tlie corresponding sodium hydroxide solutions (page 601), but em- 
ployitig sample weights of 45 g. and 50 g- of 100% Na^jCOg, respectively. (Similar 
sample weights are employed in the analysis of potassium carbonate.) 

DETERMINATION OF TOTAL ALKALINITY OF SODIUM 
CARBONATE 

For the determination of the total alkalinity ol sodium carbonate, the procedure 
is identical to tJiat for sodium hydroxide. The result may be expressed as % 
NaoCOg or as % Na.,0. Where the bicarbonate content has been determined (sec 
below), the % Actual Na-COg = % Total Alkalinity as Na^COg — % NaHCOgX 
0.63083 or % Actual Na^O = % Total Akalinity as NagO - % NaHCOg X 
0.36889. (For die analysis of potassiuiU carbonate, % Actual KgCOg = % Total 
Alkalinity as KgCOg - % KHCOg X 0.69025.) 

DETERMINATION OF SODIUM BICARBONATE IN SODIUM 
CARBONATE 

The determination of bicarbonate in sodium carbonate is usually based on the 
addition of a sufficient amount of sodium hydroxide to convert bicarbonate to 
carbonate, precipitation of barium carbonate by the addition of barium chloride, 
and back-titration of the excess of sodium hydroxide to the disappearance of the 
pink color of phenolphthalcin. Tlie classical procedure (Winkler’s method) can 
be modified to give more satisfactory precision, especially where only a sma 
amount of bicarbonate is present, by substitution of a potentiometric end point. 
For routine process control, bicarbonate may be estimated, especially where a 
large amount is present, by a direct titration with sodium hydroxide using silver 
nitrate as an external indicator. 

lie Regier, R. B., Anal. Chein., 19, 1039. 1947; see also ASTM std. D501. 
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Visual Titration Procednre.-Tvnnsier a 50-ral. aliquot of the NuoCOa Sample 
Solution to a conical Hask. Acid 0.1 N (COo-free) NaOH in slight access (>1 ml.) 
of that required by the NaHCO., present and 300 ml. of 10% BaCl, 
tralized to a faint pink color after addition of some phenolphthalein). Without 
separation of die precipitate and with continuous stirring, titrate tim of 

NaOH with 0.1 N HCl to the decolorization of the phenolphthalein. Then titiate 
the same amount of NaOH solution with the HCl solution in the presence of the 
same amount of BaCU solution (or rely on the established normalities): let F = ml. 
of NaOH equivalent to exactly 1 ml. of HCl. Then % NaHCO;, = (ml. of NaOH 
added - ml. of HCl consumed by sample XF)X (normality of NaOH) X 0.084007 
X 100 -f- (sample weight in g. represented by the aliquot taken). (For % KFICO.j 
the factor is 0.10012.) 

Remarks.— Some workers prefer, after the volume of NaOH required to convert 
all NaHCOg in the sample to NaXO-j has been calculated from the experimental 
result, actually to add this amount to a further aliquot of the Sample Solution 
under the titration conditions, and, if necessary, conduct a further titration with 
HCl. As in the potentiometric titration procedure, given below, it is also possible 
to employ a known weight of bicarbonate-free Na^CO.^ in the second titration, 
thus more closely duplicating the conditions in the titration of the sample. 

Potentiometric Titration Procedure— Place a 50-ml. aliquot of the Na^CO., Sam- 
ple Solution in a 250-ml. beaker. Add exactly 5 ml. of 0.1 N NaOH from a pipet 
and 100 ml. of a 10% BaCL solution (122 g. of BaCl2-2FLO dissolved and diluted 
with water to 1000 ml. and neutralized to added phenolphthalein). Insert the 
calomel-glass electrode pair of a pH-meter in the solution and titrate promptly 
witlr 0.1 N HCl while stirring continuously. When the pH changes, record the 
readings after each addition of a 0.1-ml. increment of HCl. Now in the same 
manner titrate a weight equal to that of the sample (represented by the aliquot 
of the sample solution taken) of bicarbonate-free Na^COy (prepared by ignition 
of NaXOy of reagent grade or preferably of a portion of the sample itself at 
200^. overnight or at 250°C. for a shorter time). Plot pH versus ml. of HCl for 
the titration of the sample and the bicarbonate-free Na^COy on the same coordi- 
nates. The difference between the inflection points of the two curves corresponds 
to the bicarbonate content of the sample. The % NaFICOy = (ml. of FICl re- 
quired by sample - ml. of HCl required by the bicarbonate-free Na.,CO.,) X (nor- 
mality of HCl) X 0.084007 X 100 (sample weight in g. represented by tlie aliciuot 
taken). (The factor for % KHCOy is 0.10012.) 

External Indication Procedure.-Transler a 50-ml. aliquot of the Na.,CO. Sam- 
ple Solution to a 250-ml. beaker. Titrate with 1.0 N NaOH until 1 drop of the 
solution added to a drop of a freshly prepared 10% AgNOy solution in water on a 
white spot plate gives a dark color instantly (due to the formation of hvdroiK 

NaHCOy = (ml. of NaOH) X (normality of NaOH) X 0.0840 X 
100 (weight of sample m g. represented by the aliquot taken). 

Remark.-Some degree of experience is required in the recognition of the end 
point before satisfactory results can be secured. This proceduie is unsuitabL o 
referee analysis or where only a small amount of bicarbonate is present. 

DETERMINATION OF IMPURITIES IN SODIUM CARBONATE 

All procedures for the determination of impurities in snrf;n.T, i i • , 
plicable sodium carbonate „itbout serious modiBcation (cbloralrmrd 
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are seldom required). For the determination of chloride, the aliquot of the sam- 
pie solution taken will depend on tlie purity and source of the sodium carbonate 
sample, that is, on its diloride content. Where of interest, the loss of xveight oii 
drying at 250‘C. for 2 hr. (or better at 285*C.) is determined and, based on the 
content of sodium bicarbonate (whicli is converted on heating to NagCOg, CO 
and HjO), the free water present is calculated; The % Free Hj,0 = % Loss in 
Weight on Heating — % NaHC 03 X 0*3692. Further, the volatile matter at 150- 
ISS'C. (1 hr.) may be determined. 

The determination of ''matter insoluble in water" for sodium carbonate (and, 
where of interest, generally for alkali hydroxides, carbonates, modified sodas, etc.) 
is eifected by dissolving a suitable sample (20-50 g.) in 300 ml. of water, filtering 
tlirough a dry, tared Gooch or sinicied glass funnel, washing the filter witlt water 
until free of alkali, drying at 110*C., and weighing. (Some organizations prefer to 
bring the solution to boiling before the filtration; however, tlie possibility of weight 
loss by the crucible on the passage of the liot alkaline solution should be recog- 
nized.) 

Trace sulfate in sodium carbonate may be determined by a sulfide evolution 
method (see p.age 567). 

A special extraction procedure has been devised for liie determination of trace 
oil in sodium carbonate.!^’ 

SODIUM BICARBONATE 

Sodium bicarbonate (sodium acid carbonate, baking soda), NaHCO^, is offered 
principally iu tl\c pharmaceutical grade, meeting the requirements of tlie U. S. 
Pharmacopeia (95-105% NaHCO^, but typically 99.8-99.9%). High assay ma- 
terial is also available iu tlie technical grade. The reagent grade product, meeting 
the specifications of the American Chemical Society, contains 99.7-100.3% 
NaHCOg. For the analysis of the pharmaceutical grade and reagent grade prod- 
ucts, relevant monographs should be consulted {If. S. Pharmacopeia and the works 
cited in the footnote on page 552). For these grades, the assay is based on die 
direct titration of the dried sample with eitlier sulfuric or hydrochloric acid to the 
methyl orange end point. A furilicr approach based on the dicrmal decomposi- 
tion oi the sarnpie finds use. Employing a train, tVie loss in ‘weigVit on 
at 250‘’C. and the weight of the evolved carbon dioxide (absorbed in soda-asbestos) 
are determined. From the results, the % NaHCOg, % Na^COg, and % Free H^O 
aie calculated.^^* The determination of "matter insoluble in water" is accom- 
plished as described for sodium carbonate. 

POTASSIUM CARBONATE 

Potassium carbonate (potash), K^COg. is available in the tedinical grade in die 
nominal compositions 80-85, 85-95, 90-95, and 96-99% KgCOg (the remainder be- 
ing largely water). Tlie sesquihydrate, KjCOg-LSHgO (85.3% K^COg) is enconv 
passed by the 80-85% material. In the tedinical grade, an aqueous solution con- 
taining 47% KgCOg minimum is also offered. The National Formulary recog- 
nizes a product containing 99% KgCOg minimum after drying for 4 hours at 
180'*C. Reagent grade potassium carbonate, meeting American Chemical Society 

111 For procedure, see Solvay Process Div., Allied Chem. Coip. Bull, No. 9, The 
Anahsis of Alkalies, 1961, 80 pp. 

118 Tor a suitable apparatus assembly and for procedural details see ASTM std. 
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Sr:ri;r;rph;™ac;udcal grade and reagent grade potastinru carbonate rele- 
vant monographs should he consulted (t/. S. Pharmacopeia and works cued in 

footnote 27 on page 552). . 

The analysis of technical grade potassium carbonate is essentially 
diat of sodium carbonate (and the relevant factors are included in 
carbonate procedures given above). Total alkalinity is determined 
product contains potassium bicarbonate, this is determined by one 
cedures given for titrimetric determination of sodium bicarbonate in sodium car- 
bonate. Alternatively, if tlie product contains potassium hydioxide, this is deter- 
mined essentially by the procedure for the determination of sodium hydroxide in 
sodium hydroxide (that is, with carbonate precipitated as barium carbonate, page 
602), but employing 300 ml. of the barium chloride solution and performing the 
titration with 0.1 N hydrochloric acid. 

In the preparation of the Potassium Caibonate Sample Solution for Trace Metal 
Analysis, analogous to the similar solution for sodium hydroxide, a sample weight 
of 65 g. of 100% K0CO3 is usually suitable. Impurities commonly determined in 
potassium carbonate include chloride, iron, copper, nickel, and chlorate. The 
loss in weight on drying at 250°C. (or better at 285°C.) is also frequently deter- 
mined. 

Where the sodium content is of interest, it may be determined by the removal 
of the bulk of potassium as the perchlorate and the gravimetric determination of 
sodium as the magnesium uranyl acetate as given in Vol I, page 16. 


MODIFIED SODAS 

Sodium sesquicarbonate (trona, natrona, "modified soda,” laundry soda), Na^COa* 
NaHC03-2H20, is offered in a commercial grade as are other mixtures of sodium 
bicarbonate and sodium carbonate which are all termed sesquicarbonate-type modi- 
fied sodas. The analysis of these products parallels that of sodium carbonate. 
Common determinations include total alkalinity e.xpressed as Na.,0, sodium bi- 
carbonate, sodium carbonate (by difference), and sodium chloride; matter insoluble 
in water is determined sometimes as well. Because of the large bicarbonate con- 
tent, its direct titration with sodium hydroxide using silver nitrate as an external 
indicator often affords sufficient accuracy for routine control purposes. Where 
sufficient ammonium salts are present in the product to warrant their determina- 
tion, digestion with sulfuric acid after Kjeldahl, distillation, and titration of col- 
lected ammonia is usually employed (Vol. I, page 740). In order to report the 
results on a one hundred per cent basis, water is often calculated by subtractiim 
the sum of the percentages of the major constituents from 100%. 


MIXTURES OF SODIUM HYDROXIDE AND CARBONATE 

(SUPER ALKALIES) 

Mixtures containing sodium hydroxide and sodium carbonate are often termed 
super alkalies and are offered in various commercial formulations. For these 
products, often only the major constituents are determined. Where of interest 
impurities may be determined by the procedures given for sodium hydroxide. The 
preparation of the Sample Solution and the determination of the total alkalinitv 

DroreT^"^ T Procedures given for sodium hydroxide ‘ ThI 

procedure for the determination of sodium hydroxide in sodium li^ydroxide (with 



612 


COMMERCIAL ACIDS AND BASES 


carbonate precipitated as barium carbonate, page 602) is applicable, but a 25.ml. 
aliquot of the Super Alkali Sample Solution and 100 ml. of the barium cliloride 
solution are emplo>ed. The results are usually expressed as % Na.^COj and 
NaOH. The % Na-CO., = (% Total Alkalinity Expressed as NajO ~ % NaOH X 
0.7748) X 1.7101. 

ALKALINE DETERGENTS AND OTHER BASES 

The analysis of mixed bases, including alkali metal hydroxides, carbonates, sili- 
cates, phosphates and borates is beyond the scope of tliis cliaptcr. For the analysis 
of alkali metal phophates, consult Vol. I, Chapter 35, and also ASTM standards 
DjOI, D538, and 0595. For the analysis of alkali met.nl hydroxides, carbonates, and 
their mixtures, see the relevant Solvay bulletin and ASTM standards D501, D456, 
D457, D458, and D928. For the analysis of detergents containing alkali met.nl 
boiatcs and sdicaics, see ASTM st.iiidards D50I, D537. D594, and D929. 

SPECIFIC GRAVITY-COMPOSITION TABLES 
INTRODUCTION 

In the following tables the Degrees Baumd (Heavy) and Degrees Twaddell are 
giveti for 60*F. and are related to die specific gravity at exactly 60*F, compared to 
water at the same temperature as follows: 

Degrees Baum6, Heavy = 145 — (145/Specific Gravity) 

Degrees Twaddell = (Specific Gravity — 1) X 200 
With some tables, allowances are given for correcting the 'BA to other temperatures 
(the correction being added to the observed value on die hydrometer for a tem- 
perature above 60*F., and subtracted for below 60*F.) 

Aqua ammonia, since it has values for the specific gravity below 1.0 u expressed 
ill Degrees Baumd, Light, which is related at 60"F. to the specific gravity at exactly 
60“F. compared to water .at the same temperature as follows: 

Degrees Baume, Light = {140/Spccific Gravity) — 130 
For the use of hydrometers in the estimation of specific gravity, see page 534. 
The Baum^ hydrometers used should be graduated by the formulae given above. 

For the plant use of these tables, the following conversion factors, which neglect 
the change in the density of water widi temperature, are useful: 

Specific gravity X 62.43 = approx, lbs. of soln. per cu. ft. 

Specific gravity X 8,345 = approx, lbs. of soln. per U. S. gallon 
Approx, lbs. of soln. per cu. ft. X % ifo/iu) X 0.01 = approx. lbs. of solute per cu. ft- 
Approx, lbs. of soln. per U. S. gallon X % (to/o') X 0.01 

= approx, lbs. of solute perU. S. gallon 

For further density data on common solutions, consult International Critical 
Tables or various handbooks. 

119 Solvay Process Div., Allied Chem. Corn. Bull., No. 9, The Analysis of Alkalies. IMl, 
80 pp. 
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SULFURIC ACID, 0-66°Be. 


ev6 


degrees 

Baume 

sp. gr. 
60/60''F. 

degrees 

Twaddell 

% w/w 
HoSOa 

lbs. per 
cu. ft. 

% w/w 

O.V. 

lbs. O.V. 
per cu. ft. 

Freezing 
pt., °F. 

0 

1.0000 

0.0 

0.00 

62.37 

0.00 

0.00 

32.0 

1 

1.0069 

1.4 

1.02 

62.80 

1.09 

0.68 

31.3 

2 

1.0140 

2.8 

2.08 

63.24 

2.23 

1.41 

30.5 

3 

1.0211 

4.2 

3.13 

63.69 

3.36 

2.14 

29.7 

4 

1.0284 

5.7 

4.21 

64.14 

4.52 

2.90 

28.9 

5 

1.0357 

7.1 

5.28 

64.60 

5.67 

3.66 

28.0 

6 

1.0432 

8.6 

6.37 

65.06 

6.84 

4.45 

27.0 

7 

1.0507 

10.1 

7.45 

65.53 

7.99 

5.24 

25.8 

8 

1.0584 

11.7 

8.55 

66.01 

9.17 

6.06 

24.6 

9 

1.0662 

13.2 

9.66 

66.50 

10.37 

6.89 

23.5 

10 

1.0741 

14.8 

10.77 

66.99 

11.56 

7.74 

22.3 

11 

1.0821 

16.4 

11.89 

67.49 

12.76 

8.61 

21.0 

12 

1.0902 

18.0 

13.01 

68.00 

13.96 

9.49 

19.4 

13 

1.0985 

19.7 

14.13 

68.51 

15.16 

10.39 

17.7 

14 

1.1069 

21.4 

15.25 

69.04 

16.36 

11.30 

16.3 

15 

1.1154 

23.1 

16.38 

69.57 

17.58 

12.23 

14.0 

16 

1.1240 

24.8 

17.53 

70.10 

18.81 

13.19 

12.0 

17 

1.1328 

26.6 

18.71 

70.65 

20.08 

14.18 

9.9 

18 

1.1417 

28.3 

19.89 

71.21 

21.34 

15.20 

7.7 

19 

1.1508 

30.2 

21.07 

71.78 

22.61 

16.23 

4.4 

20 

1.1600 

32.0 

22.25 

72.35 

23.87 

17.27 

+ 1.0 

21 

1.1694 

33.9 

23.43 

72.94 

25.14 

18.34 

-2,5 

22 

1.1789 

35.8 

24.61 

73.53 

26.41 

19.42 

-6.5 

23 

1.1885 

37.7 

25.81 

74.13 

27.69 

20.53 

-11. 1 

24 

1.1983 

39.7 

27.03 

74.74 

29.00 

21.68 

-16.0 

25 

1.2083 

41.7 

28.28 

75.36 

30.34 

22.87 

-21.9 

26 

1.2185 

43.7 

29.53 

76.00 

31.69 

24.08 

-28.0 

27 

1.2288 

45.8 

30.79 

76.64 

33.04 

25.32 

-35.6 

28 

1.2393 

47.9 

32.05 

77.30 

34.39 

26.58 

— 44.3 

29 

1.2500 

50.0 

33.33 

77.96 

35.76 

27.88 

-55.3 

30 

1.2609 

52.2 

34.63 

78.64 

37.16 

29.9? 

— 69 5 

31 

1.2719 

54.4 

35.93 

79.33 

38.55 

30.58 

— 78 7 

32 

1.2832 

56.6 

37.26 

80.03 

39.98 

32.00 

— 75 9 

33 

1.2946 

58.9 

38.58 

80.74 

41.40 

33.42 

— 79 0 

34 

1.3063 

61.3 

39.92 

81.47 

42.83 

34.90 

-69.3 

35 

1.3182 

63.6 

41.27 

82.22 

44.28 

36 41 

— 66.5 
-44.5 
-57.0 
-50.6 

I -44.0 

36 

37 

38 

39 

1.3303 

1.3426 

1.3551 

1.3679 

66.1 

68.5 
71.0 

73.6 

42.63 

43.99 

45.35 

46.72 

82.97 

83.74 

84.52 

85.32 

45.74 

47.20 

48.66 

50.13 

37.95 

39.53 

41.13 

42.77 
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SULFURIC ACID, 0-66®B^. {Continued) 


degrees 

Baum6 

sp. gr. 
60/60*F. 

degrees 

Twaddcll 

% w/w 

H 2 SO 1 

lbs. per 
cu. ft. 

% w/w 

O.V. 

lbs. O.V. 
per cu, ft. 

Freezing 
Pt., “F. 

40 

1.3810 

76.2 

48.10 

86.13 

51.61 

44.45 

-38.2 

41 

1.3942 

78.8 

49.47 

86.96 

53.08 

43.16 

-33 0 

42 

1.4078 

81.6 

50.87 , 

87.80 

54,58 

47.92 

-28.6 

43 1 

1.4216 i 

84.3 

52.26 1 

88.67 1 

56.07 

49.72 i 

-25.5 

44 1 

1.4356 1 

87.1 

53.66 1 

89.54 j 

57.58 

51.56 1 

-22.8 

45 1 

1.4500 

90.0 

55.07 

90.44 1 

59.09 

53.44 i 

-20.9 

46 , 

1.4646 

92.9 

56.48 

91.35 

60,60 ' 

55.36 , 

-19.3 

47 1 

1.4796 

95.9 

57.90 

92.28 1 

62.13 

57.33 1 

-m 

48 

1.4948 

99.0 

1 59.32 

93.23 

63.65 

59.34 1 

-19.8 

49 

1.5104 

102.1 

1 60.75 

94.20 

65.18 

61.40 

-22.0 

50 

1.5263 

105.3 

62.18 

95.20 

66.72 

63.52 

-25.4 

51 

1.5426 

108.5 

63.66 

96.21 

68.31 

65.72 

-29.6 

52 

1.5591 

111.8 

1 65.13 

97.24 

69.89 

67.96 

-34.2 

53 

1.5761 

115.2 

66.63 

98.30 

71.50 

70.28 

1 -36.0 

54 

1.5934 

118.7 

68.13 

99.38 

73.11 

72.66 

-39.5 

55 

1.6111 

122.2 

69.65 

100.48 

74.74 

75.10 

1 -45.0 

56 

1.6292 

125.8 

71.17 

101.61 

76.37 

77.60 

-40.8 

57 1 

1.6477 

129.5 

1 72.75 

102.77 

1 78.07 

80.23 

^ -39.4 

58 ' 

1.6667 

133.3 

74.36 

103.95 

1 79.79 

82.95 

1 -28.4 

59 

1.6860 

137.2 

75.99 

105.16 

1 81.54 

85.75 

-9.0 

60 

1.7059 

141.2 

77.67 

106.40 

83.35 

88.68 

, +U.5 

61 i 

1,7262 1 

145.2 

79.43 

107.66 

1 85.23 

91.76 

29.3 

62 ' 

1,7470 

149.4 

81.30 

108.96 

1 87.24 

95.06 

1 39.5 

63 1 

1.7683 1 

153.7 

83.34 

110.29 

' 89.43 

98.63 

45,6 

64 

1.7901 1 

158.0 

85.66 

111.65 

91.92 

102.63 

1 44.8 

64^ 

1.7957 1 

159.1 

86.33 

112.00 

1 92.64 

1 103.75 

42,9 

641 

1.8012 , 

160.2 

87.04 

112.34 

1 93.40 

1 104.93 

1 40.0 

64i 

1.8068 1 

161.4 

87.81 

112.69 

, 94.23 

, 106.19 

36 0 

65 I 

1.8125 

162.5 

88,65 

113.05 

' 95.13 1 

1 107.54 

31.2 

651 

1.8182 

1 163.6 

89.55 

1 113.40 

96.10 

108.97 

24.5 

651 1 

1.8239 

164.8 

90.60 

113.76 

97.22 

110.60 

15.0 

65| 1 

1.8297 

1 165.9 

91.80 

1 114.12 

98.51 

112.42 

+2.5 

66 1 

1.8354 

' 167.1 

1 

93.19 

! 114.47 

1 

100.00 

114.47 



ALLOWANCE FOR TEMPERATURE 


At 10®Be. .029°Be. or .00023 Sp. Gr. = l^F. 
At .036°Be. or .00034 Sp. Gr. = 

At SO^Be. .035*86. or .00039 Sp. Gr. « 1“F. 
At 40'Be. .031*Be. or .00041 Sp. Gr. =» l^F. 


At 50®Be. .028* B6. or .00045 Sp. Gr. = IF. 
At 60*86. .026“ B6. or .00053 Sp. Gr. = 1 t. 
At 63*Be. .026* B6. or .00057 Sp. Gr. = 1 
At 66*B€. .0235*86. or .00054 Sp. Gr. = 1 f- 


Specific gravity, 60'’F. compared to HjO at 60"F. OilofVitriol = O.V. = 66®B6. 
pts. based on Gable, Betz, & Maron, J. Am. Chem. Soc., 72, 1445, 1960; rest of tabie 
adopted as standard, 1904, Manufacturing Chemists’ Assoc, of U. S. (authorities, Ferguson 
Talbot). 
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% w/w 
H2S04 

sp. gr. 
60/60°F. 

lbs. per 
cu. ft. 

% w/iv 

O.V. 

lbs. O.V. 
per cu. ft. 

Freezing 
pt., °F. 

% w/w 
SO 3 

lbs. SO 3 
percu. ft. 

94.0 

1.8381 

114.64 

100.87 

115.64 

■1 

76.73 

87.97 

95.0 

1.8407 

114.80 

101.94 

117.03 


77.55 

89.03 

96.0 

1.8427 

114.93 

103.01 

118.39 

■19 

78.37 

90.07 

97.0 

1.8437 

114.99 

104.09 

119.69 

19.5 

79.18 

91.05 

97.5 

1.8439 

115.00 

104.63 

120.32 

(24) 

79.59 

91.53 

98.0 

1.8437 

114.99 

105.16 

120.92 


80.00 

91.99 

99.0 

1.8424 

114.91 

106.23 

122.07 


80.82 

92.87 

100.0 

1.8391 

114.70 

107.31 

123.08 

51.7 

81.63 

93.63 


ALLOWANCE FOR TEMPERATURE 

At 94%, .00054 Sp. Gr. = 1°F. At 97.5%, .00052 Sp. Gr. = 1°F. 

At 96%, .00053 Sp. Gr. = 1°F. At 100%, .00052 Sp. Gr. = 1°F. 

Specific gravity, 60°F. compared to water at 60°F. Oil of Vitriol = O.V. = 66 ° Be. 
Freezing points based on Gable, Betz, & Maron, J. Am. Chem. Soc., 72, 1445, 1960; 
rest of table adopted as standard, 1938, Manufacturing Chemists’ Assoc, of U. S. (author- 
ity, Bishop). 


APPROXIMATE BOILING POINTS OF SULFURIC ACID * 


degrees 

Baume 

boiling 
pt., °F. 

degrees 

Baume 

boiling 
pt., °F. 

% w/w 
H 2 SO 4 

boiling 
pt., °F. 

15 

217 

60 

380 

94 

548 

30 

230 

61 

393 

95 

566 

45 

267 

62 

408 

96 

586 

50 

292 

63 

426 

97 

606 

54 

318 

64 

447 

98 

621 

56 

335 

65 

477 

99 

590 

58 

355 

66 

535 

100 

526 


* Values based on analysis of modern data, staff. Allied Chem. Corp. 
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FUMING SULFURIC ACID EQUIVALENTS 


Total 

SO* 

Equivalent 

UiSOt 

Per Cent 
HiSO* 

Per Cent 
Free SO* 

Total 

SO* 

equivalent 

H>SO* 

Per Cent 
HiSOi 

ill 

81 63 

100.00 

100 

0 

90.82 

111.25 

50 


81 82 

100 23 

99 

1 

91.00 

111.48 

49 


82 00 

100 45 

98 

2 

91.18 

111.70 

48 

52 

82 18 

100 67 

97 

3 

91.37 

111.93 

47 

53 

82 37 

100 90 

96 

4 

91.55 

112.15 

46 

54 

82 55 

101.13 

95 

5 

91.73 

112.37 

45 

55 

82.73 

101.35 

94 

6 

91.93 

112 60 

44 

56 

82 92 

101 58 

93 

7 

92.10 

112.82 

43 

57 

83 10 

101.80 

92 

8 

92.29 

113.05 

42 

53 

83.29 

102.03 

91 

9 

92.47 

113.28 

41 

59 

83 47 

102.25 

90 

10 

92.65 

113.50 

40 

60 

83 G5 

102.47 

89 

11 

92 84 

113.73 

39 

61 

83 84 

102. 70 

88 

12 

93.02 

113.95 

38 

62 

84 02 

102 93 

87 

13 

93.20 

114.17 

37 

63 

84 20 

103.15 

86 

14 

93.29 

114.40 

36 

64 

84 39 

103.38 

85 

15 

93.57 

114.62 

35 

65 

84 57 

103.60 

84 

16 

93 76 

114.85 

34 

66 

84 75 

103 82 

83 

17 

93.94 

115.08 

33 

67 

84 04 

104 05 

82 

IS 

94.12 

115.30 

32 

63 

85 13 

104 27 

81 

19 

94.31 

115 53 

31 

69 

85 31 

104 50 

80 

20 

94 49 

115.75 

so 

70 

85 49 

104.73 

70 

21 

94 67 

115.97 

29 

71 

85 87 

104 95 

78 

22 

94 86 

116.20 

28 

72 

85 86 

105.18 

77 

23 

95 04 

116.42 

27 

73 

86 04 

105 40 

76 

24 

95 22 

116.65 

26 

74 

Sd 22 

105 62 

75 

25 

95 41 

116.88 

25 

75 

86 41 

105 85 

74 

20 

95 59 

117 10 

24 

76 

86 59 

ICO 07 

73 

27 

95 78 

117.33 

23 

77 

86 78 

106 30 

72 

28 

95 96 

117.55 

22 

78 

86 96 

106 53 

71 

29 

96 14 

117.77 

21 

79 

87.14 

106 75 

70 

30 

96 33 

118.00 

20 

SO 

87 33 

106 98 

69 

31 

96 52 

118.22 

19 

81 

87 51 

107 20 

68 

33 

96.69 

118.45 

18 

82 

87 69 

107.42 

07 

33 

96 88 

118 68 

17 

83 

87 88 

107 05 

66 

34 

97.06 

118.90 

16 

84 

88 06 

107.87 

05 

35 

97.25 

119.13 

15 

85 

88 24 

108 10 

64 

36 

97.43 

119.35 

14 

86 

88 43 

108.33 

63 

37 

97.61 

119.57 

13 

87 

88.61 

108.55 

62 

38 

97 80 

119.80 

12 

83 

88 80 

108 78 

61 

39 

97.98 

120.03 

11 

89 

88 98 

109 00 

60 

40 

98.16 

120.25 

10 

90 

89 16 

109 22 

59 

41 

98.35 

120.48 

9 

91 

89 35 

109.45 

58 

42 

98.53 

120.70 

8 

92 

89 53 

109.67 

57 

43 

98.71 

120.92 

7 


89.71 

109.90 

56 

44 

98.90 

121.15 

6 


89 90 

110.13 

55 

45 

99.08 

121.37 

S 

95 

90 08 

110.35 

54 

46 

99.27 

121.60 

4 


90.27 

110.58 

53 

47 

99.45 

121.83 

3 

97 

90.45 

110.80 

52 

43 

99.63 

122.05 

2 


90.63 

111.02 

51 

49 

99.82 

122.28 

1 

99 





300.00 

122.50 

0 










— 


Compiled from the table by H. B. Bishop, Van Nostrand's Chemical Annual, 1913. 
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NITRIC ACID 


Degrees 

Baume. 

Sp. Gr. 

6o° 

6o°^' 

Degrees 

Twaddell. 

Per Cent 
HNOj. 

Degrees 

Baume. 

Sp. Gr. 
60 “ 

6o° 

Degrees 

Twaddell. 

Per Cent 
HNO,. 

10 00 

1 .0741 

14.82 

12.86 

21.25 

1.1718 

34 36 

28.02 

10.25 

1 0761 

15.22 

13.18 

21.50 

1.1741 

34.82 

28.36 

10.50 

1.0781 

15.62 

13.49 

21.75 

1 . 1765 

35.30 

28.72 

10.75 

1.0801 

16.02 

13.81 

22.00 

1.1789 

35.78 

29.07 

11.00 

1.0821 

16.42 

14.13 

22.25 

1.1813 

36-26 

29.43 

11.25 

1 .0841 

16.82 

14.44 

22.50 

1.1837 

36.74 

29 78 

11.50 

1.0861 

17.22 

14.76 

22.75 

1.1861 

37.22 

30.14 

11.75 

l.OSSl 

17.62 

15.07 

23.00 

1.1885 

37.70 

30.49 

12.00 

1 .0902 

18,04 

15.41 

23.25 

1.1910 

38.20 

30.86 

12.25 

1 .0922 

18.44 

15.72 

23.50 

1.1934 

38.68 

31.21 

12.50 

1.0943 

18.86 

16.05 

23.75 

1.1959 

39.18 

31.58 

12.75 

1.0964 

19.28 

16.39 

24.00 

1.1983 

39.66 

31.94 

13.00 

1.0985 

19.70 

16.72 

24.25 

1.2008 

40.16 

32.31 

13.25 

1.1006 

20.12 

17.05 

24.50 

1.2033 

40.66 

32.68 

13.50 

1.1027 

20.54 

17.38 

24.75 

1.2058 

41.16 

33 05 

13.75 

1.1048 

20 96 

17.71 

25.00 

1.2083 

41.60 

33.42 

14.00 

1.1069 

21.38 

IS 04 

25-25 

1.2109 

42.18 

33.80 

14.25 

1 . logo 

21.80 

IS 37 

25.50 

1.2134 

42 68 

34 17 

14 50 

1.1111 

22.22 

18.70 

25.75 

1 2160 

43.20 

34 56 

14 75 

1.1132 

22.64 

19.02 

26.00 

1 2185 

43.70 

34.94 

15.00 

1 1154 

23.08 

19.36 

26.25 

1.2211 

44.22 

35.33 

15.25 

1.1176 

23.52 

19.70 

26.50 

1.2236 

44.72 

35.70 

15.50 

1.1197 

23.94 

20.02 

26.75 

1 .2262 

45.24 

36 09 

15.75 

1.1219 

24.38 

20.36 

27.00 

1.2288 

45.76 

36.48 

16.00 

1.1240 

24 80 

20.69 

27.25 

1.2314 

46.28 

36 87 

16.25 

1.1262 

25.24 

21.03 

27.50 

1.2340 

46.80 

37 26 

16.50 

1 1284 

25,68 

21.36 

27.75 

1.2367 

47.34 

37.67 

16.75 

1.1306 

26.12 

21.70 

28.00 

1.2393 

47.86 

38 06 

17 00 

1.1328 

26.50 

22 04 

28.25 

1.2420 

48.40 

38 46 

17.25 

1.1350 

27.00 

22.38 

28.50 

1.2446 

48.92 

38.85 

17.50 

1.1373 

27.46 

22.74 

23.75 

1.2473 

49.46 

39.25 

17.75 

1.1395 

27.90 

23.08 

29.00 

1.2500 

50.00 

39 66 

18.00 

1.1417 

28.34 

23 42 

29.25 

1.2527 

50.54 

40.06 

18.25 

1 . 1440 

28.80 

23.77 

29.50 

1.2554 

51.08 

40.47 

18.50 

1.1462 

29.24 

24.11 

29.75 

1.2582 

51.64 

40.89 

18.75 

1.1485 

29.70 

24.47 

30.00 

1.2609 

52.18 

41 30 

19.00 

1.1508 

30.16 

24.82 

30.25 

1.2637 

52 74 

41 72 

19.25 

1.1531 

30.62 

25.18 

30.50 

1.2664 

53 28 

42 14 

19.50 

1.1554 

31.08 

25.53 

30.75 

1.2692 

53.84 

42 58 

19.75 

1.1577 

31.54 

25 88 

31 00 

1.2719 

54.38 

43 00 

20.00 

1.16C0 

32 00 

26 24 

31.25 

1.2747 

54.94 

43.44 

20.25 

1.1624 

32.48 

26 61 

31.50 

1.2775 

55.50 

43 89 

20.50 

1.1647 

32.94 

26.96 

31.75 

1.2804 

56.08 

44 34 

20.75 

1.1671 

33.42 

27.33 

32.00 

1 2832 

56.64 

44.78 

21.00 

1.1694 

33.88 

27.67 

32.25 

1.2861 

57.22 

45.24 
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NITRIC ACID (Continued) 


Defreea 

BAumi. 

Sp. Cr. 

Ce^ees 

Twaddeii. 

Per Cent 

WOt. 

Peerees 

SAumi, 

Sp. Gr. 

52! F. 

Co* 

Pefrees 

Tweddeil. 

Per Cent 
HKO,. 

32.50 

1.2889 

57.78 

45.68 

40.75 

1.3909 

78.18 

63. 4S 

32.75 

1.2918 

53.36 

46.14 

41.00 

1.3942 

78.84 

64.20 

33.00 

1.294G 

58.92 

46.58 

41.25 

1.3976 

79.52 

64.93 

33.25 

1.2975 

59.50 

47.04 

41.50 

1.4010 

80.20 

65.67 

33.50 

1.3004 

60.08 

47.49 

41.75 

1.4044 

80.88 

66.42 

33.75 

1.3034 

60.68 

47.95 

42.00 

1.4078 

81.56 

C7.18 

34.00 

1.3063 

61.26 

48.42 

42.25 

1.4112 

82.24 

67.95 

34.25 

1 .3093 

61.80 

48.90 

42.50 , 

1.4146 

82.92 

68.73 

34.50 

1.3122 

62.44 , 

49.35 

42.75 

1.4181 

83.62 

69.52 

34.75 

1.3152 

03 04 1 

49.83 

43.00 1 

1.4216 

84.32 

70.33 

35.00 ' 

1.3182 

63.64 

50.32 

43.25 

1.4251 ' 

85.02 ' 

71.15 

35.25 1 

1.3212 

64.24 

50.81 

43 50 

1.4286 1 

85.72 

71.98 

35.50 1 

1.3242 

64.84 

51.30 

43 75 

1 4321 

86.42 

72.82 

35.75 

1 .3273 

65.40 

51.80 

44.00 

1.4356 

87.12 

73.67 

36.00 

1 1.3303 

06.00 

53.30 

44.25 

1 1.4392 

87.84 

74.53 

36.25 

' 1.3334 

66.68 

52.81 

44.50 

! 1 .4428 

SS.56 

75.40 

36 50 

1.3364 

67.28 

53.32 

44.75 

1.4464 

89.28 

76.28 

36.75 

1 .3395 

67.90 

' 53.84 

45.00 

1.4500 

90 00 

77.17 

37.00 

1.3426 

1 08.52 

1 54.36 

45.25 

1.4536 

90.72 

78.07 

37.25 

1.3457 

1 09.14 

1 54.89 

45 50 

1.4573 

91.46 

79.03 

37.50 

1.3488 

' 69.76 

55.43 

45.73 

1. 4610 

92.20 

SO .04 

37.75 

1.3520 

70.40 

55.97 

46 00 

1.4646 

92.92 

SI .08 

38 00 

1.3551 

71.02 

66.52 

46.25 

1.4684 

93.68 

82.18 

38.25 

1.3583 

71.60 

67.08 

46.50 

1.4721 

94.42 

83.33 

88.50 

1.3615 

72.30 

57 65 

46.75 

1 .4758 

95.16 

84.48 

38.75 

1.3647 

72 94 

58.23 

47 00 

1.4796 

05.92 

85.70 

39.00 

1 .3679 

73.58 

58.82 

47.25 

1.4834 

96.68 

86.98 

89.25 

1.3712 

74.24 

69.43 

47.50 

1.4872 

97.44 

88.32 

39.50 

1.3744 

74.88 

00 .06 

47.75 

1.4910 

9S 20 

89 76 

39.75 

1 .3777 

75.54 

60.71 

48.00 

1.4948 

98.96 

91.35 

40 00 

1.3810 

76.20 

61.38 

48.25 

1.4987 

99.74 

93.13 

40.25 

40.50 

1.3843 

1.3876 

70.80 

77.52 

02.07 

62.77 

1 48.50 

1 .5026 

100.52 

95.11 


ALLOWANCE FOR TEMPERATURE 

From 10“* to 20^ Be., correction of Be. or .00029 Sp. Gr. = t°F- 

From 20° to 30° Be., cofiectioo of Be. or .00044 Sp. Gr. = 1 °F. 

From 30° to 40° Be., correction of Ho” BA or .00060 Sp. Gr. = 1°F. 

From 40° to 48.5° Be., correction of Hr” BA or .00084 Sp. Gr. = 1°F. 

Specific gravity, 60°F. compared to water at 60°F. Table adopted as standard, 
1903, by the Manufacturing Cheoiist^ Assoc, of U. S. ^authority, Ferguson). 
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NITRIC ACID 


After Limge and Rey 


Sp. gr. 
lS°/4° 

C. 

Per cent 
by weight 

1 liter con- 
tains grams 

Sp. gr. 
lS“/4° 
C. 

Per cent 
by weight 

1 liter con- 
tains grams 

N 2 O 5 

HNO 3 

N..O., 

HNOs 

NeOs 

HNO 3 

NsOs 

HNO 3 

1.000 

0.08 

0.10 

1 

1 

1.195 

27.10 

31.62 

324 

378 

1.005 

0.85 

1.00 

8 

10 

1.200 

27.74 

32.36 

333 

388 

1.010 

1.62 

1.90 

16 

19 

1.205 

28.36 

33.09 

342 

399 

1.015 

2.39 

2.80 

24 

28 

1.210 

28.99 

33.82 

351 

409 

1.020 

3.17 

3.70 

33 

38 

1.215 

29.61 

34.55 

360 

420 

1.025 

3.04 

4.60 

40 

47 

1.220 

30.24 

35.28 

369 

430 

1.030 

4.71 

5.50 

49 

57 

1.225 

30.88 

36.03 

378 

441 

1.035 

5.47 

6.38 

57 

66 

1.230 

31.53 

36.78 

387 

452 

1.040 

6.22 

7.26 

64 

75 

1.235 

32.17 

37.53 

397 

463 

1.045- 

6.97 

8.13 

73 

- 85 

1.240 

32.82 

38.29 

407 

475 

1.050- 

7.71 

8.99 

81 

94 

1.245 

33.47 

39.05 

417 

486 

1.055 

8.43 

9.84 

89 

104 

1.250 

34.13 

39.82 

427 

498 

1.060 

9.15 

10.68 

97 

113 

1.255 

34.78 

40.58 

437 

509 

1.065 

9.87 

11.51 

105 

.123 

1.260 

35.44 

41.34 

447 

521 

1.070' 

10.57 

12.33 

113 

132 

1.265 

36.09 

42.10 

457 

533 

1.075 

11.27 

13.15 

121 

141 

1.270 

36.75 

42.87 

467 

544 

1.080 

11.96 

13.95 

129 

151 

1.275 

37.41 

43.64 

477 

556 

1.085 

12.64 

14.74 

137 

160 

1.280 

38.07 

44.41 

487 

568 

1.090 

13.31 

15.53 

145 

169 

1.285 

38.73 

45.18 

498 

581 

1.095 

13.99 

16.32 

153 

179 

1.290 

39.39 

45.95 

508 

593 

1.100 

14.67 

17.11 

161 

188 

1.295 

40.05 

46.72 

519 

605 

1.105 

15.34 

17.89 

170 

198 

1.300 

40.71 

47.49 

529 

617 

1.110 

16.00 

18.67 

177 

207 

1.305 

41.37 

48.26 

540 

630 

1.115 

16.67 

19.45 

186 

217 

1.310 

42.06 

49.07 

551 

643 

1.120 

17.34 

20.23 

195 

227 

1.315 

42.76 

49.89 

562 

656 

1.125 

18.00 

21.00 

202 

236 

1.320 

43.47 

50.71 

573 

669 

1.130 

18.66 

21.77 

211 

246 

1.325 

44.17 

51.53 

585 

683 

1.135 

19.32 

22.54 

219 

256 

1.330 

44.89 

52.37 

597 

697 

1.140 

19.98 

23.31 

228 

266 

1.3325 

45.26 

52.80 

60S 

704 

1.145 

20.64 

24.08 

237 

276 

1.335 

45.62 

53.22 

609 

710 

1.150 

21.29 

24.84 

245 

286 

1.340 

46.35 

54.07 

621 

725 

1.155 

21.94 

25.60 

254 

296 

1.345 

47.08 

54.93 

633 

739 

1.160 

22.60 

26.36 

262 

306 

1.350 

47.82 

55.79 

645 

753 

1.165 

23.25 

27.12 

271 

316 

1.355 

48.57 

56.66 

658 

768 

1.170 

23.90 

27.88 

279 

326 

1.360 

49.35 

57.57 

671 

783 

1.175 

24.54 

28.63 

288 

336 

1.365 

50.13 

58.48 

684 

798 

1.180 

25.18 

29.38 

297 

347 

1.370 

50.91 

59.39 

698 

814 

1.185 

25.83 

30.13 

306 

357 

1.375 

51.69 

60.30 

711 

829 

1.190 

26.47 

30.88 

315 

367 

1.380 

52.52 

61.27 

725 

846 
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NITRIC ACID (Continued) 


Sp_gr 

per cent 
by weisht 

1 liter con- 
tains foams 

Sp. jjr 
ISV4* 

Per cent 
by weight 

1 liter con- 
tains grams 

C. 

NiOt, 

HNO, 

N20» 

HNO} 

a 

NiO, 

HNO} 

NjO, 

HNO} 

1.3833 

53.08 

61 92 

735 

857 

1.495 

78.52 

91.60 

1174 

1369 

1.385 

53.35 

62.24 

739 

802 

1.500 

80.65 

94.09 

12I( 

1411 

1.390 

54 20 

63 23 

75.3 

879 

1.501 

81.09 

94 60 

1217 

1420 

1.395 

55 07 

64.25 

768 

806 

1.502 

81.50 

05.08 

1224 

1428 

1.400 

55.97 

65.30 

783 

914 

1.503 

81.91 

95.55 

1231 

1436 

1.405 

50.02 

60.40 

80C 

933 

1.504 

82,29 

96.00 

1238 

1444 

1.410 

57.86 

67.50 

816 

952 

1.505 

82.63 

96.39 

124^ 

1451 

1 415 

58.83 

63.63 

832 

971 

1.506 

82.94 

96.76 

124!: 

1457 

1.420 

59.83 

69.80 

8i0 

991 

1.507 

83.26 

97 13 

1255 

1464 

1.425 

60.84 

70.93 

807 

1011 

1.50S 

83. 5S 

97,50 

120C 

1470 

1.430 

61.86 

72.17 

835 

1032 

1 509 

83.87 

97 84 

1265 

1476 

1.435 

62.91 

73.39 

003 

1053 

1.510 

84.09 

08.10 

127C 

1481 

1.440 

64.01 

74.08 

921 

1075 

1 511 

84 28 

98.32 

127^ 

1486 

1.445 

65.13 

75.93 

941 

1098 

1.512 

84.46 

98.53 

1277 

1490 

1.450 

00.24 

77.28 

901 

1121 

1.513 

84.63 

98.73 

12SC 

1494 

1.455 

67.38 

78.00 

981 

1144 

1.514 

84.78 

98.90 

1283 

1497 

1.400 

68.56 

79.98 

1001 

1168 

1.515 

84.92 

99.07 

1287 

1501 

1.465 

69.79 

81.42 

1023 

1193 

1.516 

85.04 

99.21 

128£ 

1504 

1.470 

71.06 

82. CO 

1045 

1219 

1.517 

85.15 

99.34 

1292 

1507 

1.475 

72.39 

84.45 

1008 

1246 

1.518 

85.26 

90.46 

1294 

1510 

1.480 

73.76 

86.05 

1092 

1274 

1.519 

85.35 

09.57 

1296 

1512 

1.485 

1.400 

75.18 

76.80 

87.70 

89.60 

1116 

1144 

1302 

1335 

1.620 

85.44 

D9.D7 

1299 

ISIS 


For data on the density of nitric acid at temperatures other than 15®C., see International 
Critical Tables, 3, 58-9. 


Composition of Constant Boiling Hydrochloric Acjd * 


pressure 
in mm. of 
mercury 

wt. of distil- 
late in grams 
m air to give 1 
mole of HCl 

pressure 
in mm. of 
mercury 

wt. of distil- 
late in grams 
in air to give 1 
mole of HCl 

600 

176.745 

700 

178.946 

620 

177.228 

740 

179.762 

630 

177.470 

750 

179.966 

640 

177.711 

760 

180.169 

650 

177.953 

770 

180.373 

660 

178.194 

780 

180.577 

680 

178.538 




Data from Williams, S., J. Assoc. Official A^r. Chemists, 37 , 462, 1954. 
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Specific 

Gravity. 

15° 

4° 

In Vacuo. 

Per Cent 
HCl 

by Weight. 

I Liter 
con- 
tains 
Grams 
HCl. 

Specific 

Gravity 

15° 

4° 

in Vacuo. 

Per Cent 
HCl 

by Weight. 

t Liter 
con- 
tains 
Grams 
HCl. 

Specific 

Gravity 

i£ 

4° 

in Vacuo. 

Per Cent 
HCl 

by Weight. 

I Liter 
con- 
tains 
Grami 
HCl. 

1.000 

0.16 

1.6 

1.075 

15.16 

163 

1.145 

28.61 

328 

1.005 

1.15 

12 

1.080 

16.15 

174 

1.150 

29.57 

340 

1.010 

2.14 

22 

1.085 

17.13 

186 

1.152 

29.95 

345 

1.015 

3.12 

32 

1.090 

18.11 

197 

1.155 

30.55 

353 

1.020 

4.13 

42 

1.095 

19.06 

209 

1.160 

31.52 

366 

1.025 

5.15 

53 

1.100 

20.01 

220 

1.163 

32.10 

373 

1.030 

6.15 

64 

1.105 

20.97 

232 

1.165 

32.49 

379 

1.035 

7.15 

74 

1.110 

21.92 

243 

1.170 

33.46 

392 

1.040 

8.16 

85 

1.115 

22.86 

255 

1.171 

33.65 

394 

1.045 

9.16 

96 

1.120 

23 82 

267 

1.175 

34.42 

404 

1.050 

10.17 

107 

1.125 

24.78 

278 

1.180 

35.39 

418 

1.055 

11.18 

118 

1.130 

25.75 

291 

1.185 

36.31 

430 

1.060 

12.19 

129 

1.135 

26.70 

303 

1.190 

37.23 

443 

1.065 

13.19 

141 

1.140 

27.66 

315 

1.195 

38.16 

456 

1.070 

14.17 

152 

1.1425 

28.14 

322 

1.200 

39.11 

469 


For data on the density of hydrochloric acid at temperatures other than 15°C., sec Interna- 
tional Critical Tables, 3, 54. 


ACETIC ACID * 


% 

w/w 

acetic 

acid 

specific 

gravity 

2074°C. 

0 

0.9982 

2 

1.0012 

4 

1.0040 

6 

1.0069 

8 

1.0097 

10 


12 


14 

1.0182 

16 


18 


20 

1.0263 

22 


24 

1.0313 


% 

wlw 

acetic 

acid 

specific 

gravity 

2074°C. 

26 

1.0338 

28 

1.0361 

30 


32 

1.0406 

34 

1.0428 

36 

1.0449 

38 

1.0469 

40 


42 

1.0507 

44 

1.0525 

46 

1.0542 

48 

1.0559 

50 

1.0575 


% 

w/w 

acetic 

acid 

specific 

gravity 

2074°C. 

52 

1.0590 

54 

1.0604 

56 

1.0618 

58 

1.0631 

60 

1.0642 

62 

1.0653 

64 

1.0662 

66 

1.0671 

68 

1.0678 

70 

1.0685 

72 

1.0690 

74 

1.0694 

76 

1.0698 


% 

w/w 

acetic 

acid 

specific 

gravity 

2074°C. 

78 


80 

1.0700 

82 

1.0698 

84 

1.0693 

86 


88 

1.0675 

90 

1.0661 

92 

1.0643 

94 

1.0619 

96 

1.0588 

98 

1.0549 

99 

1.0524 

100 

1.0498 


* Selected values, International Critical Tables 3 123-124- 

gravities at other temperatures. ’ ’ ’ 


q.v. for specific 
















Phosphoric Aoc, 20-110% 



Allowance for Temperature in the Range 21-29‘’C. 

The following corrections are subtracted for toch degree Centigrade below 25 C. and 
added for each degree above 25*^0. 


\ ! !! ! 

Based on data of Christensen. /. H. and Reed. K. B . lad. Eng Cheta . 47, 1277, ' 

Luff, B. 47, 1280, 1950; 92-lJO% HjPO* data, staB, Monsanto Cheio Co.vnpart-unpuousucu 
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Aqua Ammonia, 25.5-31.4% * 


°Be, 

60°F. 

% w/w 

NHs 

°Be, 

60°F. 

% w/w 
NHs 

°Be, 

60°F. 

% wjw 
NHa 

°B 6 , 

60°F. 

% w/vj 
NH 3 

24.00 

25.48 

24.80 

27.05 

25.60 

28.62 

26.40 

H 

24.10 

25.68 

24.90 

27.24 

25.70 

28.81 

26.50 

msm 

24.20 

25.87 


27.44 

25.80 

29.01 

26.60 


24.30 

26.07 

25.10 

27.64 

25.90 

29.20 

26.70 

30.77 

24.40 

26.26 

■ 25.20 

ll.Z'h 

26.00 

29.40 

26.80 

30.97 

24.50 

26.46 

. 25.30 

28.03 

26.10 

29.60 

26.90 

31.16 

24.60 

26.66 

25.40 

28.22 

26.20 

29.79 

27.00 

31.36 

24.70 

26.85 

25.50 

28.42 

26.30 

29.99 




Allowance for Temperature * 

(To be added for each degree below 60 °F.) 


Temperature, F. 


°Be 

read 


24.0 

24.2 

24.4 

24.6 

24.8 

25.0 

25.2 

25.4 

25.6 

25.8 

26.0 


40° 


0.046 

0.047 

0.047 

0.048 

0.049 

0.050 

0.050 

0.051 

0.052 

0.052 

0.053 


42° 


0.047 

0.047 

0.048 

0.049 

0.049 

0.050 

0.051 

0.052 

0.052 

0.053 

0.054 


44° 


0.047 

0.048 

0.049 

0.049 

0.050 

0.051 

0.052 

0.052 

0.053 

0.054 

0.054 


46° 


0.048 

0.049 

0.049 

0.050 

0.051 

0.052 

0.052 

0.053 

0.054 

0.054 

0.055 


48° 


0.049 

0.049 

0.050 

0.051 

0.052 

0.052 

0.053 

0.054 

0.055 

0.055 

0.056 


50° 


0.050 

0.050 

0.051 

0.052 

0.053 

0.053 

0.054 

0.055 

0.055 

0.056 

0.057 


* Calculated by staff, E. I. DuPont de Nemours & Co., Inc. 
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Aqua Ammonia * 


Deerees 

Baumi. 

6p. Gr. 

6a® 

per Cent 
NHj. 

Deerees 

Baume. 

Sp. Gr, 

52!f. 

60 ® 

Per Cent 
NH,. 

Degrees 

Baum6. 

Sp. Gr. 

6o* 

Per Cent 

KHfc 

10.00 

1 .0000 

00 

16.50 

.9556 

11.18 

23 00 

.9150 

23.52 

10.25 

.0082 

.40 

16.75 

.9540 

11.64 

23.25 

.9135 

24.01 

10.50 

.0964 

.80 

17.00 

.9524 

12.10 

23.50 

,9121 

24.50 

10.75 

.9047 

1.21 

17.25 

.9508 

12.50 

23.75 

.9106 

24.99 

11.00 

.9929 

1.62 

17.50 

.9492 

13.02 

24.00 

.9091 

25.48 

11.25 

.0912 

2.04 

17.75 

.9475 

13.40 

24.25 

.9076 

25.97 

11.50 

.9894 

2.46 

18.00 

.0459 

13.96 

24.50 

.9001 

26.46 

11.75 

.9876 

2.88 

18.25 

.9444 

14.43 

24.75 

.9047 

26.95 

12.00 

.9859 

3.30 

18.50 

.9428 

14.90 

25.00 

.9032 

27.44 

32.25 

.0342 

3.73 

13.75 

.9412 

15.37 

25.25 

.9013 

27.93 

12.50 

.9825 

4.10 

19.00 

.9396 

15.84 

25.50 

.9003 

28.42 

12.75 

.9807 

4.59 

19.25 

.9380 

16.32 

25.75 

.8989 

28.91 

13.00 

.9790 

5.02 

19.50 

.9365 

16.80 

26.00 

.8974 

29.40 

13.25 

.9773 

5.45 

19.75 

.9349 

17.28 

26.25 

.8960 

29.89 

13.50 

.9756 

5.88 

20.00 

.9333 

17.76 

26.50 

.8946 

30.38 

13 75 

.9739 

0.31 

20.25 

.9318 

18.24 

26.75 

.8931 

30.87 

14.00 

.9722 

0.74 

20.50 

.9302 

18.72 

27.00 

.8917 

31.36 

14 25 

.9705 

7.17 

20.75 

.0287 

19.20 

27.25 

.8903 

31.85 

14.50 

.9089 

7.01 

21.00 

.9272 

10.68 

27.50 

.8889 

32.34 

14.75 

.9072 

8.05 

21.25 

.9250 

20.16 

27.75 

.8875 

82.83 

15.00 

.9655 

8.49 

21.50 

.9241 

20.64 

28.00 

.8861 

33.32 

15.25 

.9639 

8.93 

21.75 

.9226 

21.12 

28.25 

.8847 

33.81 

15.50 

.9622 

9.38 

22.00 

.9211 

21.60 

28.50 

.8833 

34.30 

15.76 

.9605 

9.83 

22.25 

.9195 

22.08 

28.75 

.8819 

34 79 

16.00 

.0589 

10.28 

22.50 

.9180 

22.50 

29.00 

.8805 

35.28 

16.25 

.9573 

10.73 

22.75 

.9165 

23 04 





ALLOWANCE FOR TEMPERATURE 
The coefficient of expanaon for ammonia eolutiona, varying with the 
temperature, correction must be applied according to the following table; 


Corrections to tie Added for Each 
Degree Below 6 o®F. 

Conectioas to be Subtracted for Eacb Degree 
Abore 60 ® F. 

Degrees 

40 ® P. 

50 ® F. 

7 o®F. 

8o»F. 

90 “ F. 

ioo®F. 

14“ Bd 

.015° 

.017° 

.020° B6 

.022° Bd 

.024® Bd 

.026" Bd 

16° 

.021 “ 

.023 “ 

.026 “ 

.028 “ 

.030 “ 

.032 “ 

18° 

.027 " 

.029 “ 

.031 ** 

.033 “ 

035 “ 

.037 “ 

20° 

.033 “ 

.030 “ 

.037 “ 

.038 “ 

040 “ 

.042 “ 

22° 

.039 “ 

.042 “ 

.043 “ 

.045 “ 

.047 " 


26° 

.053 “ 

.057 “ 

.057 “ 

.059 “ 




* Values for Degrees Baume, Light. Table adopted as official, 1903, Manufacturing Chem- 
ists’ Assoc, of U. S. (authority Feiguson). 
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Sodium Hydroxide Solutions, 1-53% NaOH 


%< 

lu/w 



% w/w 

CQ 

o 




°Be, 

sp. gr. 



sp. gr. 



60°F. 

60/60°F. 



60°F. 

60/60°F. 

NaOH 

NaoO 



NaOH 

NasO 



1.00 

0.77 

1.66 

n 


21.69 

34.35 

1.310 

2.00 

1.55 

3.23 

■19 


22.47 

35.25 

1.321 

3.00 

2.32 

4.77 

■19 

30.00 

23.24 

36.13 

1.332 

4.00 

3.10 

6.27 

1.045 

31.00 

24.02 

36.99 

1.342 

5.00 

3.87 

7.73 

1.056 

32.00 

24.79 

37.83 

1.353 

6.00 

4.65 

9.16 

1.067 

33.00 

25.57 

38.65 

1.363 

7.00 

5.42 

10.56 

1.079 

34.00 

26.34 

39.45 

1.374 

8.00 

6.20 

11.93 

1.089 

35.00 

27.12 

40.24 

1.384 

9.00 

6.97 

13.29 

1.101 ‘ 

36.00 

27.89 

41.01 

1.394 

10.00 

7.75 

14.60 

1.112 

37.00 

28.67 

41.76 

1.404 

11.00 

8.52 

15.89 

1.123 

38.00 

29.44 

42.50 

1.415 

12.00 

9.30 

17.15 

1.134 

39.00 

30.22 

43.21 

1.425 

13.00 

10.07 

18.39 

1.145 

40.00 

30.99 

43.92 

1.435 

14.00 

10.85 

19.61 

1.156 

41.00 

31.77 

44.60 

1.444 

15.00 

11.62 

20.80 

1.167 

42.00 

32.54 

45.28 

1.454 

16.00 

12.40 

21.96 

1.178 

43.00 

33.32 

45.93 

1.464 

17.00 

13.17 

23.11 

1.190 

44.00 

34.09 

46.57 

1.473 

18.00 

13.95 

24.23 

1.201 

45.00 

34.87 

47.20 

1.483 

19.00 

14.72 

25.33 

1.212 

46.00 

35.64 

47.83 

1.492 

• 20.00 
21.00 

15.50 

16.27 

26.41 

27.47 

1.223 

1.234 

47.00 

48.00 

36.42 

37.19 

48.44 

49.05 

1.502 

1.511 

22.00 

17.05 

28.51 

1.245 

49.00 

37.97 

49.65 

1.521 

23.00 

17.82 

29.53 

1.256 

50.00 

38.74 

50.23 

1.530 

24.00 

18.60 

30.53 

1.267 

51.00 

39.52 

50.82 

1 540 

25.00 

19.37 

31.51 

1.278 

52.00 

40.29 

51.39 

1 549 

26.00 

20.14 

32.47 

1.289 

53.00 

41.06 

51.95 

1 558 

27.00 

20.92 

33.42 

1.300 
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Sodium Hydroxide Souttions, 4-50% NaOH 


% 

NaOH 

Specific Gravity 

% wfw 
NaOH 

Specific Gravity 

15°C, 

20°C. 

SO^C. 

15'=C. ' 

20“C. 

30*C 

4 

1.0444 

1.0428 

1.0393 

28 

1.3094 

1.3064 j 

1.3002 

6 

1 1.0667 ' 

1.0648 

1.0609 

30 

1 1.3309 

1 1.3279 

1.321? 

8 

1.0889 j 

1.0869 

1.0826 

32 

' 1.3520 

' 1.3490 

1.3427 

10 

1.1111 

1.1039 

1 1.1043 

34 

1.3728 

1.3696 

1 1.3632 

12 

1.1333 1 

1.1309 

1.1261 

36 

1.3933 

1.3900 

' 1.3835 

14 

1 1.1554 ' 

1.1530 

1 1.1480 

38 

1 1.4135 

1 1.4101 

1.4035 

16 

1.1776 1 

1.1751 

1 1.1699 

40 

1 1.4334 

1.4300 

1.4232 

18 

1 1.1997 ' 

1.1972 

1 1.1918 

42 

1 1.4529 

■ 1.4494 

1.4425 

20 

1.2218 1 

1.2191 

1 1.2136 

44 

1.4720 

1.4685 

1.4615 

22 

1 1.2439 ' 

1.2411 

1 1.2454 

46 

1 1.4911 

1.4873 

1 1.4805 

24 

1.2658 1 

1.2629 

1 1.2571 

48 

1,5102 

1.5065 

1 1.4994 

26 

1.2877 ' 

1.2348 

1.2789 

, 50 

1 1.5290 

1.5253 

1.5181 


Specific gravity at stated temperature compared to water at 4°C.; selected values, loterna- 
tionaJ Critical Tables, j, 79. 
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AIR POLLUTANTS 

By Morris B. Jacobs 

Associate Professor of Occupational Medicine 
Columbia University 
New York. N. Y. 


hitroduclion.— It is necessary to analyze both the air and efiliients and emissions 
to the air in order to know; the kind and amount of pollution in a given place; 
how serious die air contamination is in a given community; whether the pollution 
of a community is increasing, decreasing, or remaining at the same level; whether 
the pollution concentration is high enough to sound an alert and warn the public 
of danger; how efficient the methods and etjuipment for control are; what concen- 
tration standards to set in order to control pollution; when a violation of those 
standards exists; and how successful research and development in the air pollution 
field really is. The sampling and analysis of air pollutants, for air pollution con- 
trol, may be placed into seven analytical categories: (1) settled particulate matter; 
(2) suspended particulate matter; (3) gaseous, vapor, and aerosol contaminants; (1) 
stack emissions; (5) exhaust gases; (6) pollution source detection; and (7) radio- 
chemical analysis. A discussion of the last four categories is beyond the scope of 
this chapter. 

Scarcely a decade ago virtually the only analyses performed in this field were 
determination of sootfall (settled particulate matter) and sulfur dioxide. Within 
the decade the analysis of air pollutants had developed to such an extent that sev- 
eral books have been devoted to the topic.^ 


1 Jacobs, Morris B., The Chemical Analysis of Air Pollutants, Inicrsciencc Publishers, 
Inc., New York, 1960; Laboratory Methods, Air Pollution Control District, Los Angeles 
County, California, 1958; Methods of Atmospheric Sampling and Analysis, 'aS'I'.M Stand- 
ards, Part 10, American Society for Testing Materials, Philadelphia, 1958; Air Pollution 
Manual, Am. lud. Hyg. Assoc., Detroit, 1960. 
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SETTLED PARTICULATE MATTER 


The analysis for settled particulate matter from the air is also known as sooifall-, 
dustfall-, and particle-fall analysis. Widemouth, open top vessels containing water 
are exposed in a suitable location for a period, usually of one month. After this 
time tJie vessels are collected, properly covered, returned to the laboratory, and the 
contents are analyzed. 

Sampling. Collectors.— Until 1959-1960, the principal collection vessels tvere 
l-gal.. widemouthed, glass jars, having a mouth diameter of 4,4 inches. Open lop, 
straight wall, cylindrical vessels having a diameter of 6 inches and a height of 12 
inches are now considered best. They must be capable of being closed with covers 
that do not leak, so that they may be transported to the laboratory without loss. 
They may be made of glass, plastic, or stainless steel. 

Sampling Sites.— The sampling sites should be selected so that they are repre- 
sentative of the area being sampled. The collectors should be placed in holders 
so that the mouili of the collector vessel will be about 3 inches above the top of 
the holder. The collector vessel should be 4 feet above die roof or other platform 
on which it is placed, and it should be located in sudi a manner diat it is not iO' 
fiuenced by chimnc)S, walls, parapets, or other interfering structures. The roofs 
of 4-story buildings are generally best, and, where possible, public buildings such 
as schools should bo used, as access to Uicsc may be better. 

Method.— Place 1.5 to 2 1. of distilled water into die collectors. In the winter- 
time include sulHcient antifreeze, sudi as isopropyl alcohol, to prevent freezing; 
in the summertime include a fungicide or algaedde. Cover tightly, transport to 
the sampling site, place in position, and remove the cover. Leave exposed for 1 
month. If possible, observe the collection vessel from time to time during the 
month to see that it contains sufficient collection fluid. At the end of the ex- 
posure period, return to the sampling site, cover the collector, replace it with an- 
other collector, and return the sample to the laboratory. 

Determination. Insoluble Solids.— Transfer the contents of the collector vessel 
dirough a 20-mesh sieve to remove leaves, twigs, paper, and odier extraneous matter 
that cannot be considered sootfall or dustfall, to a graduated cylinder of adequate 
volume, and read the volume of the collection fluid. Filter the contents of each 
collector through a lared, dry, filler paper, such as 9-cm. Whatman No. 41-H, to 
separate the insoluble matter from ilic soluble solids. Prepared Gooch crucibles 
or alundum crucibles may also be used. Save the filtrate for the estimation of 
soluble solids. Replace the filter paper in Us weighing bottle and dry at lOS'C. 
to constant weight; place in a desiccator to cool, and weigh. The weight of the 
additional material is the insoluble solids. 

Tar.-Insert the weighed filter into a thimble of a Soxhiet extractor, and extract 
with carbon disulfide. After extraction is complete, remove the paper, replace m 
its drying bottle, dry, and reweigh. The loss in weight is considered to be tar. 

Insoluble Ash.-After the determination of insoluble solids, or after the tar tle- 
lerminaiion, place the filter into a lared crucible and heat until a char is formecl. 
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SETTLED PARTICULATE MATTER 

Place tlie crucible in a muffle furnace, ignite, and burn to a clean ash at 500 to 
600°C. Cool in a desiccator and weigh. The weight of the residue is the insoluble 

(isii ♦ • 

Soluble Solids.— Make up the filtrate from the insoluble solids’ determination to 

a known volume. Transfer a suitable aliquot to a weighed dish, evaporate nearly 
to dryness on a steam bath, transfer to an oven, and dry at lOS^C. Cool in a desic- 
cator and weigh. The gain in weight, multiplied by the factor of the aliquot, yields 
the weight of the soluble solids in the sample. 

Soluble Ash.— Ignite die residue in the dish in a muffle furnace at 500 to 600°C., 
and burn to a clean ash. Remove from the furnace, allow to cool, place in a desic- 
cator, and weigh again. The gain in weight over the tared dish, multiplied by 
the factor for the aliquot taken, is the soluble solids ash. 

Calculations.— The total settled particulate matter, or total sootfall, is computed 
by adding the insoluble solids and soluble solids. Total ash is computed by add- 
ing the insoluble solids ash and the soluble solids ash. To express the results in 
terms of tons per square mile per month, the usual form of expression, the follow- 
ing equation may be used: 

5650^2 


where X = sootfall or other contaminant in tons per square mile, 

w = weight of the solids or other material or substance in g., 
and D = diameter of the collector in inches. 


Since it is difficult to arrange to pick up die collectors exactly at the end of each 
30-day period, a factor must be used in the computation to adjust for die length 
of exposure time. It is best, however, not to exceed plus or minus 2 days. The 
factors for monthly basis calculations are: 28 days, 0.334: 29, 0.323; 30, 0.312; 31, 
0.302; 32, 0.293. These factors are used to convert milligrams of sootfall to tons 
per square mile, and are based on a collector having a mouth diameter of 4%(i 
inches. Methods for dustfall have been adopted by the Air I\reasurements Com- 
mittee of the Air Pollution Control Association,- the D-22 Committee of the 
American Society for Testing and Materials,3 and by the Air Pollution Control Dis- 
trict of Los Angeles County.* The determination of settled particulate matter has 
been carried on in Great Britain for many years.® 


2 Committee on Air Pollution Measurements. APCA, H. M. Chapman. Chairman 1 Air 

Pollution Control Assoc., 5, No. 3, 176, 1955. * 

3 ^fethod for Collection and .Analysis of Dustfall, Designation: D1739-60T ASTAf 

Standards, Part 10, American Society for Testing and Materials. Philadelphia, ISSS’ 1961 
1958 ' District, Los Angeles Col.nty, California; 

T of Atmospheric Pollution. Dept. Sci. Ind. Research, Fuel Research 

London, 195_, Jacobs, Morris B., The Chemical Analysis of Air Pollutants Interscience 
Publishers, Inc., New York, 1960. uuumis, iiueiscicnce 



SUSPENDED PARTICULATE MATTER 


To determine total suspended particulate matter, air is passed through a tared 
filter, -which has been dried and \«eighcd, at a known rate for a known period oi 
time. The filter is tlien redricd and reweighed. The gain in weight divided by the 
volume ol computed air gives die total suspended particulate matter in units o( 
weight per volume, generally micrograms per cubic meter. Of the various t)pes 
of filters used, the most common is die glass filter web** adopted by the Public 
Health Service Sanitary Engineering Center. These are 8 X fO inch sheets weigh- 
ing approximately 4 g. The high volume samplers used are modifications of the 
one developed by Silverman and Viles.^ These, as well as stands for holding the 
sampler, and rotameters for measuring the volume of air drawn dirough the filter, 
are available commercially. 

Sampling.— After drying the glass fiber web, and obtaining its weight to the 
nearest mg., put it in an envelope, transport it to the sampling place, and place it 
carefully in die holder of the higli volume sampler. Replace die sampler in its 
housing, with the filter paper facing up, and turn on die motor. Note the rotam- 
eter reading, that is, the miiial sampling rate, the time, and the weather coudi 
tions. Return to the sampling place as close to 24 hours later as possible, and 
again note the rotameter reading, the lime, and tlie weather conditions. Stop the 
motor, take out the filter, fold it once along the long axis, put it in its envelope 
and return to the laboratory. 

Determination.— Dry the filter in an oven overnight at 100* to lOS'C., allow it 
to cool, and reweigh to die nearest mg. The increase in weight is deemed the 
total suspended particulate matter. 

Calculation.— The high volume sampler and its rotameter should be calibrated 
against a total gas volume instrument. Assuming that die increase in resistance is a 
straight line function of die closing of die pores of die filter, obtain the average 
velocity of die air sampled by adding die initial and final velocities, that is, the 
rotameter readings, and dividing by two. ftfultiply by the number of minutes to 
gel the total volume of air sampled. Multiply by die calibration factor. To ex- 
press the results in milligrams per cubic meteri 


mg,/cu. meter =» 


mg. 

V X 0.02832 


where mg. = weight of the deposit in milligrams, 

and V = corrected volume of air sampled in cubic feet. 

The suspended particulate matter can then be analyzed by methods developed 
and exploited by the National Air Sampling Network of the Public Health ber- 
vice, Department of Health, Education, and Welfare.® 


6 Catalog No. CT.25310, also MSA No. n06B, Mines Safety Appliances Co.. Pittsburgh, 
Pa. 

1 Silverman, L., and Viles. F. J., J. Ind. Hyg. Toxicol., 30, 124, 1948. c„cn<>nded 

8 Air Pollution Measurements of the National Air Sampling Network ot sup 
Particulate Matter, 1953-1957, Public Healdi Serv., Publication 637, 1959, 
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GASEOUS, VAPOR, AND AEROSOL 
CONTAMINANTS 


The gaseous, vapor, and aerosol pollutants of tlie atmosphere can be placed into 
two major groups: (a) inorganic; and (b) organic. Here the term aerosol is 
used to designate such air contaminants as sulfur trioxide, sulfuric acid aerosol, 
chlorides, fluorides, and odier salts in contrast to the nonspecific aerosols that com- 
prise the suspended particulate matter. 


INORGANIC POLLUTANTS 


The inorganic contaminants include: true gases such as sulfur dioxide, hydrogen 
sulfide, and carbon monoxide; the group of nitrogen oxides, ammonia, ozone, and 
oxidants;, sulfur trioxide; and sulfuric acid aerosol. Other components, which are 
occasionally present, and then usually only in industrial atmospheres, are chlorine, 
fluorides, cyanides, and phosgene. Methods for the determination of tlie latter 
group, detailed elsewhere in the text, can be applied, with but little modification, to 
determining their presence in air. 


SULFUR DIOXIDE 

The methods commonly used for the determination of sulfur dioxide in air 
are (a) tlie West and Gaeke disulfitomercurate method and the peroxide method. 

WEST AND GAEKE METHOD 

Sulfur dioxide is removed from the air being sampled by scrubbing through 0.1 
M sodium tetrachloromercurate(II), forming stable nonvolatile disulfitomercu- 
rate(ll). The amount of sulfur dioxide trapped is determined by the red-violet 
color obtained with pararosaniline hydrochloride-hydrochloric acid mixture and 
formaldehyde. The absorption maximum of the complex is 560 m/i. The color 
is not affected by temperature, and is stable for several hours. 

Reagents. Sodium Tetrachloromercurate(II) Solution (0.1 M).— Dissolve 27.2 
g. (0.1 mole) of reagent grade mercuric chloride and 11.7 g. (0.2 mole) of rea^^ent 
grade sodium chloride in water and dilute to 1 liter. 

Hydrochloric Acid Bleached Pararosaniline Solution.— Mix 4 ml. of 0.257' 
aqueous solution of pararosaniline hydrochloride and 6 ml. of concentrated hydro- 
chloric acid and dilute to 100 ml. Only dyes with absorption maxima at 543 or 

544 m/i should be used. Those having absorption maxima at 549 or 550 should be 
rejected.sa 

Formaldehyde Solution (0.2%).-Dilute 5 ml. of 40% formaldehyde solution to 


9 West, P. W., and Gaeke, G. C., Anal. Chem., 28, 1816 
9a Pate, John, Anal. Chem., in press, 1962 
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SUSPENDED PARTICULATE 


To dctenninc total suspended particulate matter, air is pa 
filter, which has been dried and weighed, at a known rate fo 
time. The filler is then redried and reweighed. The gain in t 
volume of computed air gives die total suspended particulai 
weight per volume, generally niicrograms per cubic meter, 
of filters used, the most common is the glass filter web ^ ad 
Health Service Sanitary Engineering Center. These are 8x 
ing approximately 4 g. The high volume samplers used are 
one developed by Silverman and Viles.^ These, as well as st 
sampler, and rotameters for measuring the volume of air drat 
are available commercially. 

Sampling.— After drying the glass fiber web, and obtainii 
nearest mg., put it in an envelope, transport it to the samplii 
carefully in the holder of the high volume sampler. Replai 
housing, with the filter paper facing up, and turn on the mot 
eter reading, that is, the initial sampling rate, die time, anc 
tions. Return to the sampling place as close to 24 hours 1 
again note the rotameter reading, the time, and the weather > 
motor, take out the filter, fold it once along Ure long axis, p 
and return to the laboratory. 

Determination.-^Dry the filter in an ©sen overnight at JOC 
to cool, and reweigh to die nearest mg. The inaease in v 
total suspended particulate matter. 

Calculation.— The high volume sampler and its rotameter 
against a total gas volume instrument. Assuming that the incr 
straight line function of the clogging of the pores of the fillei 
velocity of die air sampled by adding the initial and final t 
rotameter readings, and dividing by two. Multiply by the ni 
get the total volume of air sampled. Multiply by the calibr. 
press the results in milligrams per cubic meter: 


rag./cu.m.l=r= 

where mg. =* weight of the deposit in milligrams, : 

and V = corrected volume of air sampled in cubic feet. 

The suspended particulate matter can then be analyzed by 
and exploited by the National Air Sampling Network of tlu- 
vice, Department of Health, Education, and Welfare.® 

8 Catalog No. CT-253I0, also MSA No. 1106B, Mines Safety Appl 
Pa. 

’ Silverman, L., and Viles, F. J., J. Ind. Hyg. Toxicol., 30, 124, 1^ 
8 Air Pollution Measurements of the Nadonal Air Sampling N 
Particulate ^fatter, 1953-1957, Public Health Serv., Publication 637 
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For ordinary work, the temperature and pressure correction may be neglected and 
tlie sulfur dioxide concentration can be computed by: 

SO2 (p. p. m.) = ml. NaOH X 0.002 X 0.027. 

SULFURIC ACID AND SULFUR TRIOXIDE 

The conversion of sulfur dioxide to sulfur trioxide in the general atmosphere is 
slow. Consequently, except in certain industrial atmospheres, and undei spe- 
cial conditions, die concentration of sulfur trioxide and sulfuric acid in the air 
is very low. 

FILTER PAPER METHOD 

Specially prepared filter papers are employed in the method devised by Mader, 
Hamming, and Bellin,’^^ for trapping die sulfuric acid aerosol from the air being 
sampled. Sulfur dioxide does not interfere. 

Apparatits.-T^vo pieces of Pyrex tubing, 15 mm. I.D. with ground flared ends 
30 mm. in diameter, are coupled together by means of two perforated metal collars 
that can be clamped together and pressed tight with the aid of machine bolts and 
knurled nuts. 

Filter Paper Discs.— Wash large, 18.5-cm. Whatman No. 4 filter papers by leach- 
ing with successively large quantities of distilled water over a long period of time. 
Five 12-hour leachings with 500 ml. of water are generally adequate. Use a 19-cm. 
Pyrex crystallizing dish for the washing. Dry the filter papers in an oven at lOO'C.; 
cut each washed and dried filter with the aid of a cutting tool into 1-inch discs; and 
store these in a dry, clean container. Obtain the pPI of each batch of filter paper 
discs by placing 2 discs, chosen at random, into 20 ml. of carbon dioxide-free water 
of known pH, Macerate the discs thoroughly with the aid of two glass rods, in 
order to make a slurry of paper pulp. Allow the mixture to stand for three minutes 
and determine the pH with a meter. Determine the uniformity of pFI in the filter 
paper discs by repeating the test with two more samples of discs. If the three pH 
tests indicate a consistency of 0.03 pH unit and a deviation of not more than 0.1 
pH unit from that of the water used in the measuiement, the filter paper batch 
is considered satisfactory for the estimation of sulfuric acid aerosol. 

Procedure.— Put two filter paper discs into the paper holder. Pull air through 
the filters at a rate of 50 to 60 c.f.h., recording the pressure drop through the 
filter and the air temperature. Remove the filter discs after sampling for one 
hour and place them in a dry, clean container. Bring the discs back to the labo- 
ratory. Macerate them in 20 ml. of distilled water. Measure the pH and titrate 
with 0.002 N sodium hydroxide solution. Use a pH meter for the determination 
of the end point, which is considered to be that of carbon dioxide-free water, cor- 
rected for filter paper batch acidity or alkalinity. 

Calculation.— The acidity, as sulfuric acid in parts per million, can be computed 
by the following expression: ^ 

H2SO4 (p. p. m.) = f g!- base X IV X 0.049 X 22.41 X 10« 

98 X 28.32 X cubic feet air at STP 

Mader, P. P., Hamming, W. J., and Beilin, A., Anal. Chem., 22, 1181, 1950. 
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Procedure,— Virzvi 38.2 1. (1.35 cu. fL) of the air to be sampled through 10.0 ml, 
of sodium tetrachloromercurate(II) solution, keeping the sampling rale under 02 
ci.ra. to avoid loss of sulfur dioxide. Add l.O ml. of the acidified pararosamline 
solution and 1,0 ml. of the formaldehyde solution to the 10.0 ml. of the sample 
solution. Treat a blank of 10.0 ml. of sodium tetrachloromercurate(II) solution 
in the same manner. Allow the mixtures to stand for 20 to 30 minutes, for full 
color development, and read the absorbency of the test solution compared to the 
blank at 560 mj*. 

Prepare a standard curve using known solutions of sodium bisulfite or meiabUul- 
file in sodium teiracliloromercuraie(II), and read the concentration of sulfur diox- 
ide from the standard curve. Eacli microgram of sulfur dioxide is equivalent to 
O.OI p. p. m. in the air for a 38.2-1. sample. A precipitate is formed if sulfides are 
present, and must be removed by centrifugation or filtration. Nitrites may inter- 
fere. Samples may be collected in die field with sequence samplers and may be 
analyzed within a working day with no loss of sulfur dioxide attributable to either 
volatilization or oxidation. 

HYDROGEN PEROXIDE METHOD 

The sulfur dioxide from die air is trapped in an impinger, or bubbler, conuin- 
ing a dilute solution of hydrogen peroxide. The sulfuric acid formed is lilrated 
with standard sodium hydroxide solution to determine die amount of sulfur diox- 
ide trapped.^*) This method estimates total acid in the air and is not specifically 
for sulfur dioxide. 

Reagentt. Hydrogen Peroxide Absorbing Solution.— Dilute with water 17 ml. of 
3% hydrogen peroxide solution to I liter, and adjust the pH to 4 with dilute nitric 
acid, or if required, dilute sodium hydroxide solution. 

Sodium Hydroxide Solution (0.002 AT).— Dilute 1 N sodium hydroxide solution 
to approximately 0.002 N, and standardize against 0.002 N sulfuric acid. Stand- 
ardize the sulfuric acid gravimetrically by the barium sulfate method, as detailed 
elsewhere in the text. 

Mixed Indicator Solution.—Dissolve 0.6 g. of bromocresol green and 0.4 g. of 
methyl red in 1 liter of methyl alcohol. 

Procedure.— Add 3 drop^ oC rcvvxed wwlitalot to 15 mU of absorbing 

solution in a large impinger and titrate with 0.002 N sodium hydroxide solution 
until the red color disappears and a green fluorescence appears. Attach the im 
pinger to its train, including the rotameter and pump to measure the volume of 
air being drawn, and pass air through the peroxide absorbing solution for 30 
minutes at a rate of 1 c.f.m. Note the temperature and barometric and vapor 
pressures. Titrate the absorbing solution at the end of the sampling period with 
the standard sodium hydroxide solution until the reappearance of the green fluores- 
cence, and note the volume of sodium hydroxide solution used. 

Calculation.— Calculate the concentration of sulfur dioxide with the following 
formulas: 

, ml. NaOH X 0.002 X (273 + t^G.) X 1.45 
volume atr sampled in cubic leet 

10 Greenhurg, L., and Jacobs, Morris B., Iml. Eng. Ctvem.. 48, 1517, 1956. 
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Tor ordinary wort, the temperature and pressure correction may be neglected and 
the sulfur dioxide concentration can be computed by: 

SO2 (p. p. m.) = ml. NaOH X 0.002 X 0.027. 

SULFURIC ACID AND SULFUR TRIOXIDE 

The conversion of sulfur dioxide to sulfur trioxide in the general atmosphere is 
slow. Consequently, except in certain industrial atmospheres, and under spe- 
cial conditions, the concentration of sulfur trioxide and sulfuric acid in the air 
is very low. 

FILTER PAPER METHOD 

Specially prepared filter papers are employed in the method devised by Afader, 
Hamming, and Beilin.^ for trapping the sulfuric acid aerosol from die air being 
sampled. Sulfur dioxide does not interfere. 

Apparatlls.-T^m pieces of Pyrex tubing, 15 mm. I.D. with ground flared ends 
30 mm. in diameter, are coupled together by means of two perforated metal collars 
diat can be clamped together and pressed tight with the aid of machine bolts and 
knurled nuts. 

Filter Paper Discs.— Wash large, 18.5-cm. Whatman No. 4 filter papers by leach- 
ing with successively large quantities of distilled water over a long period of time. 
Five 12-hour leachings with 500 ml. of water are generally adequate. Use a 19-cm. 
Pyrex crystallizing dish for the washing. Dry the filter papers in an oven at 100“C,; 
cut each washed and dried filter with the aid of a cutting tool into 1-inch discs; and 
store diese in a dry, clean container. Obtain the pH of each batch of filter paper 
discs by placing 2 discs, chosen at random, into 20 ml. of carbon dioxide-free water 
of known pH, Afacerate the discs thoroughly with the aid of two glass rods, in 
order to make a slurry of paper pulp. Allow the mixture to stand for three minutes 
and determine the pH with a meter. Determine the uniformity of pH in the filter 
paper discs by repeating the test with two more samples of discs. If the three pH 
tests indicate a consistency of 0.03 pH unit and a deviation of not more than 0.1 
pH unit from that of the water used in the measuiement, the filter paper batch 
is considered satisfactory for the estimation of sulfuric acid aerosol. 

Procedure.— Put two filter paper discs into the paper holder. Pull air through 
the filters at a rate of 50 to 60 c.f.h., recording the pressure drop through the 
filter and the air temperature. Remove the filter discs after sampling for one 
hour and place them in a dry, clean container. Bring the discs back to the labo- 
ratory. A'lacerate them in 20 ml. of distilled water. Measure the pH and titrate 
with 0.002 N sodium hydroxide solution. Use a pH meter for the determination 
of the end point, which is considered to be that of carbon dioxide-free water, cor- 
rected for filter paper batch acidity or alkalinity. 

Calculation.— The acidity, as sulfuric acid in parts per million, can be computed 
by the following expression: ^ 

H2SO4 (p. p. m.) = X X 0-049 X 22.41 X 1Q« 

98 X 28.32 X cubic feet air at STP 


iiMader, P. P., Hamming, W. J.. and Beilin, A.. Anal. Chem., 22, 1181, 1950. 
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HYDROGEN SULFIDE 

The method of choice for the determination of hydrogen sulfide in air pollution 
control work is the methylene blue method, in particular, the Jacobs, Braverman 
and Hodiheiser variation . *2 The atmosphere to be tested is bubbled through an 
alkaline suspension of cadmium hydroxide in a macro irapingcr at rates as high 
as I c f.m. The sulfides trapped in this manner arc converted to methylene blue. 

Reagents. Amine-sulfuric Acid Stock Solution.— Add 12 g. of A^A^-dimethyl-p- 
phenylenediamine to a cooled mixture of 30 ml. of water and 50 ml. of concen- 
trated sulfuric acid. Stir until solution is complete. 

Amine-sulfuric Acid Test Solution.— Dilute 25 ml. of stock solution to 1 liter 
with i;l sulfuric acid. 

Ferric Chloride Solution.— Dissolve 100 g. of FeClj'GHoO in sufficient water to 
make 100 ml. of solution. 

Absorption Mixture.— Dissolve 4.3 g. of cadmium sulfate, CdSO^-SHoO, in water. 
Dissolve 0.3 g. of sodium hydroxide in water. Add die sodium hydroxide solution 
to the cadmium sulfate solution and dilute to 1 liter. Stir well before using. 

Standard Curve, (a) Colorimetrically by Klett-Summcrson Colorimeter.— Add 
separately 0, 1, 3, 5, 7, and 9 ng. of hydrogen sulfide equivalent, to 50-ml. volu- 
metric flasks containing 45 ml. of alkaline cadmium absorption mixture. Add 0.6 
ml. of amine test solution and I drop of ferric diloride solution, stirring after 
each addition. Dilute each to 50 ml., allow to stand for 30 minutes, and transfer 


the first mixture, containing no hydrogen sulfide, to the colorimeter cell. Insert 
the red filter, place the cell in position, and adjust die reading to zero. Read the 
transmission of the five remaining mixtures. Plot die optical density versus con- 
centration in micrograms. 

(b) Specirophotomeirically by Coleman Spectrophotometer.— Add separately 0, 
1, 2, 3, and 4 /tg. of liydrogcn sulfide equivalent to 20 ml. of absorption mixtures, 
contained in 25-ml. volumetric flasks. Add 0.6 ml. of amine test solution and 1 
drop of ferric chloride solution. Stir after e.icli addition. Then dilute to volume 
and allow to stand 30 minutes. Set die spectrophotometer at 670 m/i; place the 
first mixture, containing no hydrogen sulfide, in a cuvet; set the instrument gal- 
vanometer to read 100; and read die remaining standards in the sample cuvet, in 
increasing order of concentration. Note the optical density, and plot the optical 


density against hydrogen sulfide conceiuratioii in micrograms. 

Procedure, (a) Colorimetric Variation.- Place 50 ml. of absorption mixture in 
a large impinger and pass air dirough die apparatus for 30 minutes at a rate of 
1 c.f.m. Add 0 6 ml. of amine test solution and 1 drop of ferric chloride solution 
to the impinger, stirring after each addition. Transfer to a 50-ml. volumetric flask, 
make up to volume, and allow to stand for 30 minutes. To 45 ml- of absorption 
mixture in a 50-ml. volumetric flask, add 0.6 ml. of amine test reagent and I drop 
of ferric chloride solution; stir after each addition; make up to volume, allow to 
stand for 30 minutes; and use as a reference in setting the instrument to zero, es 
the optical density of the sample, and obtain die concentration of hydrogen suln e 


from the standard curve. 

(b) Spectrophotometric Variation.— Take 25 ml. of die final mixture of t e 
sample and the reference solution, and read in a spectrophotometer at 670 


12 Jacobs, Morris B., BravenUan, M. M., and Hochheiser, S., Anal. Chern 


29 , 1549. 1957 . 
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Calculation.-Compute the results from the following equation: 

Mg. H 2 S X 719 

H 2 S (p. p. b.) — sampled in liters 

This calculation is set empirically at 25»C. and 760 mm. To correct for condi- 
tions of temperature and pressure, the customary gas laws can be employed. As 
only half the total amount of sulfide trapped is read in the spectrophotometnc 
variation, it is necessary to double the result of the above expression. 

The method detailed is suitable for concentrations of 20 p. p. b. or less. For 
higher concentrations, a variation using a midget impinger has been detailed by 
Jacobs, Braverman, and Hochheiser. The methods for the determination of sulfui- 
hearing air contaminants have been discussed in considerable detail by Jacobs.i^ 

NITROGEN OXIDES 

The chemistry of the nitrogen oxides is discussed elsewhere. The nitrogen 
oxides in the air are commonly determined by variations of the Griess-Ilosvay 
cUazotization reaction that depends on four components; these are the substance 
that can be diazotized, nitrite ion, a proper acidity, and a coupling agent. It should 
be noted that unless the nitrate present in the test sample is reduced to nitrite and 
the nitric oxide is oxidized to nitrogen dioxide, these substances are not deter- 
mined by the diazotization method. ^ 


JACOBS AND HOCHHEISER METHOD 
Nitrogen dioxide can be estimated in the presence of much higher concentra- 
tions of sulfur dioxide by the Jacobs and Hochheiser method, a variation of the 
Greiss-Ilosvuy reaction. Air is aspirated through a fritted-glass bubbler containing 
0.1 N alkali solution. Any sulfur dioxide that is present and absorbed is oxidized 
to sulfate Avith hydrogen peroxide, so that it does not interfere. The absorbed 
nitrogen dioxide-nitrogen tetroxide is determined colorimetrically as the azo dye 
by using it to diazotize sulfanilamide in phosphoric acid and then coupling with 
jV-(l-naphthyl)-ethylenediamine dihydrochloride. The method is suitable for con- 
centrations of nitrogen dioxide of the order of parts per hundred million. 

Sampling can be performed with individual bubblers or with a sequence sampler 
so that 24 one-hour samples can be obtained. 

Reagents, Sodium Hydroxide Absorbing Solution.-Add 2 ml. of butyl alcohol 
per liter of 0.1 N sodium hydroxide solution, to increase the foaming action, and 
to assist in trapping the nitrogen dioxide. 

iV-(l-naphthyl)-ethylenediamine Dihydrochloride Solution.-Dissolve 0.1 g. of the 
coupling agent in distilled Avater and make up to 100 ml. Avith Avater. 

Sulfanilamide Solution.-Dissolve 20 g. of sulfanilamide in 1 liter of Avater con- 
taining 50 ml. of phosphoric acid. 


Standard Sodium Nitrite Solution.-Dissolve 150 mg. of sodium nitrite, NaNO 
in 1 liter of water. Dilute 10 ml. of this solution to 100 ml.; each milliliter of thri 
solution contains 10 ixg. of NOo. 


standard to.-Add 0.2, 0.6, 0.8. and 1.0 ml. of standard sodinm nitrite soln. 
tion to 35 ml. of absorbing reagent contained in 50-ml. Nessler tubes Add 1 drop 

Am. Geophys. Union, Washington, D. C., 1959, 24. ^ Sulfur Compounds, 

14 Jacobs, Morris B., and Hochheiser, S.. Anal Chem., 30, 426, 1958. 
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of 1% hydrogen peroxide solution, 10 ml. of sulfanilamide solution, 1 ml. of 
coupling reagent; mix after each addition: and dilute to 50 ml. Read in a speaio- 
photometer at 550 m/i, using the reagent blank to set 100% transmission. Plot 
the readings against the juiriic concentration tti micrograms, to obtain the cune 
Procednre.— Aspirate air at 1.3 I. i>er minute througii 30 to 35 ml. of absorbii!*' 
reagent in a fritted bubbler. Transfer the sample to a 50-ml. Ncssler tube. Add 
1 drop of li)drogen peroxide solution (1%) and mix. Add 10 ml. of sulfanilamide 
reagent and then I ml. of iV-{i-najjlitliyI)-ethylencdiamine reagent. Dilute to 50 
ml. and mix. Allow to stand for 30 minutes and determine die optical density 
in a Coleman spectrophotometer .it 550 ittfi, using a leugent blank as die reference, 
and 20 x 40 mm. maiciicd cuvets. 

Calculation.— The concentration of iiiiiogcn oxides in air as nitrogen dioxide is 
generally expressed in parts per hundred million. For a 52-1. air sample at 25'C. 
and 7C0 mm., 1 pg. of NO., is c({uiv<ilciit to 1 p.p.h.m. 

X/TnOGJiX OXIDES AS NITRATE 
The nitrogen oxides can be absorbed .is detailed, and oxidized to nitrate, tvliidi 
can be determined by the phenoUlisultonic acid method as detailed elsewhere in 
this text, or by the xylcnol method.*® 

OTHER METHODS 

Other methods for tlie determination of nitrogen oxides as nitrite include: tlie 
official British method for industrial hygiene purposes,*'* in which the nitrogen 
oxides are absorbed in a reagent consisting of sulfanilic acid, alpha-naphthyla- 
mine, and acetic acid. S.ilizman.** who. following Jacobs,**.*'* substituted N-(l*naph' 
tJtyl)-ethyIencdiaminc dihydrochloride for the alpha naphthylamine: and an ASTM 
metliod,^® which also uses tins variation. These methods are discussed in detail 
by Jacobs.** 


AMiNfONIA 

A variation of the Ncssler method Is used for the determination of ammonia 
and ammonium compouiuU in the atmosphere. 

Reagents. Ncssler Reagent.— This is commcrci.illy available or can be prepared 
in a number of ways. The method of FoJhi ** is preferable. Nessler's solution is 
atj alkaline solution of the double iodide of mercury and potassium (Hgf 2 ' 2 KI). 
Transfer to a 200-mI. flask 30 g. of potassium iodide and 22.5 g. of iodine; add 20 
ml. of water and, after solution is complete, an excess of metallic mercury, le-. 
approximately 30 g. Shake the flask aimiiiuously and sigorously until the dis- 
solved iodine has nearly all dis:ippc.ircd; this lakes about 7 to 15 minutes. The 
solution becomes hot. When the red uidiae viluiion has begun to betome visibly 
pale, although still red, cool it in running water and continue shaking until die 

15 Yagoda, H., and Coldniaii, F. H.. j. Iiid. Myg. Toxicol., 25, 410, 1913. 

16 Dept. Sci. bid. Research Dnt . Leaflet 5, 1935). 

i^Saltzman, B. E, Anal. Chein . 26, 15MD. 1951. . 

i« Jacobs, Morris B , ^Var Gases-Their Ideiitificatiou and Dccoiuamination. Interscieiicc 
Publishers, Inc, New York, 1942, , - . 

19 Jacobs. Morris B , The Anahiical Chemistry of Industrial Poisons. Hazards, and - 
vents, 2nd Ed.. Interscicnce Publishers. Inc, New York, 1949. 

-’0 ASTM Standaid. DcMtiidiuni UIC07-58T. ^ Vm 

21 Jacobs. Morris B., The Chemical AnalyMS of Foods and Food Products, U. 
Nostrand and Co., Inc., Piinctioii. 19'>8 
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reddish color of tire iodine has been replaced by the greenish color of the double 
iodide The whole operation generally takes 15 minutes, lest a portion of tie 
solution witli starch solution. Unless the starch test is positive, the solution may 
contain mercurous compounds. Decant the solution, washing the mercury ancl 
flask with water. Dilute the solution and washings to 200 ml. and mix well. It 
the cooling was begun in time, the resulting reagent is clear enough for immediate 
dilution with 10% alkali and water, and the finished solution can be used at once 
for Nesslerization. From this stock solution of potassium mercuric iodide, prepare 
the final Nessler’s solution by adding the 200 ml. of the double iodide solution to 
975 ml. of an accurately prepared 10% sodium hydroxide solution. Mix thor- 
oughly and allow to clear by permitting to stand. 

Absorbing Solution.-Add 1 ml. of concentrated sulfuric acid to 10 1. of distilled 
water. 

Alkaline Rochelle Salts. Dissolve 10 g. of Rochelle salts, potassium sodium tar- 
trate KNaC4H40(. -41100, in 200 ml. of 0.01 jV sodium hydroxide solution. 

Standard Curve.— Prepare a standard solution from ammonium chloride to con- 
tain 1 fig. of ammonia, NHg, per milliliter. Transfer, to a series of large impingers, 
0, 5, 10, 15, 20, 25, and 30 ml. of the standard solution, and make up to a volume 
of 50 ml. Continue with the method as detailed in the procedure. 

Proceditre.— Transfer 50 ml. of absorbing solution to a large impinger. Con- 
nect the impinger to its sampling train and draw air through the absorbing solu- 
tion at a rate of 1 c.f.m. for 30 minutes. Transfer the contents of the impinger 
to a 50-ml. volumetric flask, or to a 50-ml., glass-stoppered Nessler tube. The vol- 
ume of the sample will be about 46 ml. as a result of the loss of water due to evap- 
oration during the sampling. Add 46 ml. of absorbing solution to another Nessler 
tube and use as the blank. Add 4 ml. of Nessler reagent to each tube or flask, 
mix thoroughly, and read exactly 10 minutes later in a Klett-Summerson photo- 
electric colorimeter using the No. 54 (green) filter. Use the 50-ml. glass cells for 
the reading, and employ the reagent blank to set the zero. 

If a cloudy solution forms after the addition of the Nessler reagent, add alka- 
line Rochelle salts reagent, drop by drop with constant shaking, until the cloudi- 
ness disappears. 

Refer to the standard curve to obtain the micrograms of ammonia in the sample, 
and compute to the volume of 30 cu. ft. sampled. 

OZONE AND OXIDANTS 

No really satisfactory method for the determination of ozone, per se, in air is 
available. One of the difficulties stems from the fact that there is no satisfactory 
method of preparing standard curves from ozone. The method most often used 
is a variation of the Smith and Diamond alkaline iodide method 


ALKALINE IODIDE METHOD 

Ozone and oxidants are absorbed from the atmosphere by an alkaline iodide 
solution. This solution is oxidized with hydrogen peroxide to avoid interference 
of sulfur dioxide, and the pH is adjusted to eliminate the interference of nitro<^en 
dioxide. When acidified, iodine is liberated from die hypoiodite formed on “ab- 
sorption of the oxidant, and the amount of triiodide produced is determined 
spectrophotometncally by measuring the absorption of light at 359 mu 
Reagents. Alkaline Iodide Absorption Solution.-Dissolve 10 g. of potassium 
Smith, R. G., and Diamond, P., Am. Ind. Hyg. Assoc, Quart., 13, 235, 1952, 
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iodide and 4 g. of sodium hydroxide in water, and make up to 1 liter witli water 
This solution is approximately 1% with respect to potassium iodide, and 0.1 ^ 
with respect to sodium hydroxide. 

Hydrogen Peroxide Solution (I %).— Prepare a 1% hydrogen peroxide solution 
from 30% hydrogen peroxide. 

Standard Cun;e.— Prepare a potassium iodatc solution in whicli 1 ml. is equiva- 
lent to 1.5 M-g. of potassium iodate; this is equivalent to I ^g- of ozone. Add ali- 
quots of iodate solution equivalent to 1 to 15 fig. of ozone, in a series, to 50-ml 
glass-stoppered Nessler tubes containing 30 ml. each of absorbing solution. Do 
not add peroxide, boil, or pass .nir through these solutions. Add sufficient water 
to bring each volume up to 40 ml. Then add successively for each standard, just 
before reading 3 N acetic acid (1:5), to volume, stopper, mix, and read in the 
spectropliotometer at 352 mti, using water as the zero reference. Prepare a nine 
plotting absorbance against micrograms. 

Procedure.— Place 30 ml. of absorbing solution into eacli of two large impingers 
in series, and dilute to 75 ml. Draw air through the impingers at a rate of 1 c.f.ra. 
for 30 minutes. The second impinger serves as a blank of the air washed free of 
oxidant. Transfer the contents of each impinger to lOO-ml. beakers, and add 1 
drop of 1% hydrogen peroxide solution to oxidize the sulfite formed from the 
sulfur dioxide absorbed to sulfate. Boil the solution in each beaker down to 40 
ml. to decompose the excess hydrogen peroxide; cool, and transfer to 50-nil., glass- 
stoppered Nessler tubes. Add 3 N acetic acid (1:5) lo reduce the pH to (about 
10 ml. is required), mix, and transfer some of the test solution to a test-tube cuset 
of a Coleman or equivalent spectrophotometer, set at 352 ntfi, using w’ater as the 
zero reference. The optical density of Use test sample is considered to be the 
optical density of the sample solution minus the optical density of the blank. 

One-cm. Corex cells are suitable tvitU a Beckman model DU spectrophotometer. 
The blue-sensitive phototube should be used with an ultraviolet filter and a 
tungsten light source. Greater seitsitivity c.»jr be obtavJted by using the absorption 
peak at 289 m^, but if this wasclengUi is used, quartz cells and an ultraviolet 
light source are required. A standard curve must be made at this wavelength 
also. 

Calculations.— One fig. of ozone yields 5.29 fig. of iodine L: consequently, 
1 fig. of iodine is equivalent to 0.189 tig. of o/one. The concentration of oxidants 
in parts per billion may be computed from the expression 


oxidants as O3 (p.p.b.) 


mg. Oa X 509 X lOQQ 
volume of air in cubic feet X 28.32 


OTHER METHODS 

Other methods for ozone and oxidants are: the sulfamic acid variation of the 
alkaline iodide method detailed by Jacobs; the sulfamic acid, neutral buffere 
iodide method of McQuain and co-workers; 2* the modified Smith and Diamon^ 
method of the ASTM, 25 titrimetric method of Ehmert28 and of Wadelin. 

23 Jacobs. Morris B., The Chemical Analysis of Air Pollutants. Interscience publishers, 

Inc., New York, 1960. . ^ „ 

24 McQuain, R. H., Leavitt. J M.. Wanta, R. C.. and Frisbie, W. W., Air Polluuon con- 
trol Assoc., Meeting, Philadelphia, May, 1958. 

25 ASTM Standard Designation: 1609-58T. 

23Ehmert, A.. J. Atmospheric Terrest. Phjs, 2, 189, 1952. 

2r Wadelin, C. W., Anal. Chem.. 29, 441, 1957- 
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the Haagen-Smit and Fox phenolphthalein method: =« the Bradley and Httagen. 
Smit rubber cracking method; and the ferrous thiocyanate method of Todd. 


CARBON MONOXIDE 

The metliods of choice for the determination of carbon monoxide in air and in 
exhaust gases, namely, pressurized, nondispersive, and infrared spectrophotome- 
ters,3i are instrumental and, for the most part, expensive. The indicator tube 
method, described below, is relatively inexpensive, and can be employed for this 
purpose. 

NBS INDICATOR TUBE METHOD 

The National, Bureau of Standards’ carbon monoxide indicator tube-'*- contains 
highly purified silica gel that is impregnated with ammonium molybdate and a 
solution of palladium or palladium oxide, digested in sulfuric acid, forming a 
palladium silicomolybdate. When this gel is exposed to carbon monoxide, a mo- 
lybdenum blue is formed, the depth of color varying from faint green to blue, in 
proportion to the amount of carbon monoxide present in the air drawn through 
tlie tube. Such tubes are available commercially. 

The tubes were originally designed for relatively higher concentrations of car- 
bon monoxide than are normally present in the outside atmosphere, e.xcept in 
areas of heavy motor vehicle traffic. They can, however, be adapted for analyses 
in which the concentration of carbon monoxide is considerably lessened, of the 
order of 1 to 2 p. p. m., by substituting a small vacuum pump for the aspirator 
bulb used with the tube.33 

Procedure.— Break the tips of an NBS carbon monoxide indicator tube and in- 
sert the tube with the unfilled end in the sampling line directed toward the 
pump, that is, place die tube so that the incoming air stream has to pass through 
die longer section of silica gel. Draw air througli the detector tube at a rate of 
100 ml. per minute, widi the aid of a small vacuum pump. Note the time that 
the pump is started, and observe the indicator gel carefully to determine the 
time die first green of the comparison color chart provided with the tube is ob- 
tained. Record the total elapsed time. 

Calculadon.-Compute the concentration of carbon monoxide in the air sample 
from the time of sampling, the volume of air drawn through the tube, and the 
color change. It is known that five squeezes of the aspirator bulb yield a color 
change that matches the first green when die carbon monoxide concentration is 
0.001%. From this relationship, the following expression can be derived: 


CO (p. p. m.) = 


24 


time in minutes 
2s McCabe, L. C., Ind. Eng. Chem., 45, No. 9, llIA, 1953. 

-^Biadley, C. E., and Haagen-Smit, J., Rubber Chein. Technol *^4 Nn 4 7t;fl losi 

30 Todd, G. W., Anal. Chem., 27, 1490, 1955. lecnnoi., .4, No. 4, 750, 19ol. 

31 Waters, J. L., and Hartz, N. W., An Improved Luft-type Infrared Gas and T inn.vi 
Analyzer, Instrument Soc. Amer., Meeting, Houston, 1951; lacobs Morris R Hnrhn ^ ^ 
S., and Braverman, M. M., J. Air Pollution Assoc. 9, No no 

32 Jacobs, Morris B., The Analytical Chemistry of Industrial Pnknnc rr i 
Solvents. 2nd Ed., Interscience Publishers, Inc., New S 1949 

Chem., 19, 77, 1947. Shepherd, M., Anal. 

33'jacobs, Morris B., The Chemical Analysis of Air Pollimnic 
Inc., New York, 1960. ^ t'ouutants. Interscience Publishers, 
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The concentration of carbon monoxide in flue gases can be determined with 
the American Gas Association variation of tiic iodiite pentoxide method.s»-M 

ORGANIC POLLUTANTS 

The principal organic air contaminants may be grouped as: (1) saturated and 
uiisaiurated aliphatic Jiydrocarbons such as nietliane, hexane, ctliylene, and a«iy 
lenc; (2) aromatic Jiydrocarbons such as benzene and toluene; (3) polynuclear hy- 
drocarbons like benzo[a}pyTene; (4) aldehydes such as formaldehyde and acrolein; 
(5) phenols; and (6) amines. Adequate diemical methods are available for alde- 
hydes, benzene, phenols, and acetylene. Tlicse methods will be described. 

ALDEHYDES 


SVLFOXYLATE METHOD 


The method most commonly used for the determination of aldehydes as air con- 
taminants is tJie sulfoxylate method of Goldman and Yagoda.^s The aldehydes 
are absorbed from the air by bisulfite. The complex formed is stable in slightly 
acid and neutral solutions, but i$ decomposed when the solution is made distinctly 
alkaline. All aldehydes are trapped in this method but the estimation is usually 
calculated to formaldehyde. 

Reagents. Bisulfite Solution.— Dissolve 9 g. of sodium raetabisuJfite in almost 
1 liter ol water, containing 1 ml. of concentrated sulfuric acid, and dilute to 1 liter. 

Iodine Solution (8%).— Dissolve 160 g. of potassium iodide in a small amount 
of water, and dissolve 80 g. of iodine in this concentrated solution. Dilute to 1 
liter with water. This strong iodine solution need not be standardized. 

Standard Iodine Solution (0.001 N).— Make a solution containing exactly 126.9 
mg. of iodine per liter. 

Sodium Thiosulfate Solution.— Dissolve 1.3 g. of sodium thiosulfate, Xa^S^Oj* 
SHgO, and 5 g. of sodium bicarbonate in water, and dilute to 100 ml. This solu' 
tion need not be standardized. 

Buffer Solution.— Make a solution containing 80 g. of sodium carbonate and 20 


ml. of glacial acetic acid per luer with water. Store in a refrigerator. 

Procedure.— Transfer 75 ml. of Uie bisulfitc-absorbing solution to a large im- 
pinger, and attach it to .a train consisting of a tr.ip, flowmeter, temperature and 
pressure measuring devices, and a vacuum pump. Puli air through the absorb- 
ing solution .at I c.f.m. for 30 minutes. Place the impinger in an ice bath and 
keep it immersed for 30 minutes. Add I ml. of 1% starch indicator solution, and 
titrate with the 8% iodine solution to a blue color. Record the volume of 8% 
iodine solution consumed, for it is necessary to know if a 5-ml. excess of sodium 
bisulfite-absorbing solution was present at Uie end of the s.ampling period. Dis- 
charge the blue color by adding tlie sodium thiosulfate solution drop by drop, and 
then readjust to a faint blue color with Uic Q.OOl N iodine solution. Put the 
impinger back into tire ice until it is thoroughly chilled. Add 50 ml. of cold 
buffer solution, and keep the reaction mixture in the ice bath for an additional 
10 minutes to avoid the fading of Uic end point in final titration. Titrate again 
with 0.001 N iodine solution to determine the amount of bisulfite liberated. 


34 Am. Gas Assoc. Laboratories. Cleveland, Ohio. 

35 Goldman, F. H., and Yagoda, H., Ind, Eng. Chem., Anal. Ed., 15, 377, 19«. 
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Calculation -For routine work, without correcting for temperature and pressure 
variations, the aldehyde concentration can be computed as follows: 

Aldehydes, as HCHO (p. p. m.) = ml. 0.001 N h X 0.013. 


OTHER METHODS 

A number of other methods have been employed for the determination of ^>|4e- 
hydes in air and in exhaust gases. Among these are the Schiff-Elvove rosaniline- 
sulfite method,-’® the Schryver phenylhydrazine method, which can be used to dis- 
tinguish between formaldehyde and total aldehydes,”' the Jacobs and Eastman 
variation of the phenylhydrazine method,”” and the Colien and Altshuller method 
for acrolein.”” 


BENZENE 

Ketones such as acetone, ethyl methyl ketone (Imtanonc), and other ketones re- 
act with Hi-dinitrobenzene to yield violet colors. This method for the determina- 
tion of benzene was developed by the U. S. Bureau of Mines.*” In the Dolin'** 
modification, the color obtained with benzene is stable in acetic acid, whereas the 
colors formed with other aromatic compounds disappear rapidly. 


BUTANONE METHOD 

Absorbing Reagent— Mix equal volumes of concentrated sulfuric acid and 
fuming nitric acid. 

Procedure.— Pass a known volume of the air being sampled through two midget 
impingers in series containing 2 to 3 ml. of absorbing solution. After sampling is 
completed, allow to stand for 10 minutes and cautiously dilute with 25 ml. of 
water. Cool the mixture and extract the nitrated material with 25 ml. of ethyl 
ether. Draw off the aqueous layer and discard. Wash the ether layer with 25 ml. 
of water. Discard the water layer and transfer the ether layer to a 100-ml. volu- 
metric flask. Make to volume with 95% alcohol. Transfer a 10-ml. aliquot to a 
test tube, add 1 ml. of butanone and 2 drops of 40% sodium hydroxide .solution, 
shake the mixture, and allow to stand for 10 minutes. In the presence of ben- 
zene a crimson color is formed. 

Add 5 drops of glacial acetic acid, stir the test tube contents, and allow to 
stand for an additional 10 minutes. At the end of this period compare with 
known concentrations of benzene treated in an analogous manner, or read the 


36Elvove, E., Incl. Eng. Chem., 9, 295, 1917. 

3T Rounds, F. G., and Pearsall, H. W., Diesel Exhaust Odor, S.A.E. Natl. Diesel Enmne 
Meeting, Chicago, 1956. ° 

38 Jacobs, Morris B., Eastman, E. L., and Shepard, D. L., 1. Am. Pharm. Assoc Sri EH 

40, 36o, 19 d 1; Jacobs, Morris B., The Chemical Analysis of Air Pollutants In’tersrienr/* 
Publishers, Inc., New York, 1960. ronuiants, inteiscience 

39 Cohen, I. R., and Altshuller, A. P., Anal. Chem., 33, 726, 1961. 

MSchrenk, H. H., Pearce, S. J., and Yant, W. P., U. S. B^ur. Mines Renf qoq-, 

1935; 3302, 1936; Jacobs, -Morris B., The Analytical Chemistry of Industrial Pois" ’ 
Hazards, and Solvents, 2nd Ed., Interscience Publishers, Inc., Nel York 1949 ^ ’ 

^ ..Dohn, B. H., Ind. Chen,., Anal. Ed., 15, 2d2, m3: N. TsS^'inKnll., 25, No. 
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transmission and calculate the amount of benzene from a standard curve. Other 
methods for the determination of benzene have been discussed by Jacobs.^* 

ACETYLENE 

Hughes and Gorden modified tlte cuprous acetylide reaction so that it could 
be used for the determination of acetylene in air in the range of parts per billion. 

Reagents. Ammoniacal Cupric Chloride Solution.— Dissolve 1.5 g. of cupric 
chloride and 3 g. of ammonium chloride in 20 ml. of concentrated ammonium 
hydroxide solution, and dilute to 50 nil. with water. 

Hydroxylamine Solution.— Dissohe 5 g. of hydroxylamine hydrochloride in 50 
ml. of water. 

Ammoniacal Cuprous Chloride Solution.— Mix 1 volume of the ammoniacal 
cupric chloride solution with 4 to 5 volumes of the hydroxylamine solution. 

Sampling.~\Jst a train consisting of a probe, a U-tube containing glass wool to 
serve as a trap, a detector tube coiiiaining adsorbent silica geh and a vacuum 
pump with glass to glass or Tygon tube connections. 

Procedure.— Immerse the U-tube and detector tube in a freezing batli containing 
acetone and dry ice. Draw air at 0.2 1. per minute for 10 to 50 minutes, depend* 
ing on whether the concentration is below 1 p.p.m. Remove the lube from the 
bath and allow to warm up to ambient temperature; add the ammoniacal cuprous 
chloride reagent. Note the development of a pink, red to brown color, which 
is stable for 48 hours. Compare with standards made by passing known concen* 
trations of acetylene in pure air through similar detector tubes. 

PHENOLS 

A number of methods for the determination of phenol are detailed throughout 
tl\e text. These can be used, with but slight modification, for the determination of 
phenols in air, A meiliod devised by Braverman, Hochheiser, and Jacobs,** in 
which p-aminodimethylaniliiic sulfate is used as a icagcnt, can be employed to de* 
tect phenols in air in the order of parts per ten billion of air. 

Reagents. p*Aminodimethylanilinc Sulfate Stock Solution.— Mix 50 ml. of con* 
ccntraied sulfuric acid with 30 ml. of water and cool. Add 20 g. of the amine, 
stirring until solution is complete. Make up to 100 ml. with additional water. 

p-Aminodimethylaniline Sulfate Test Solution.- Dilute 5 ml. of die stock amine 
solution to 100 ml. with water. 

Standard Phenol Solution.— Make a solution containing 100 /xg. of phenol per 
milliliter and standardize it by the broinidc-bromate method. Prepare a solution 
containing 1 ng. per milliliter from the stock solution by dilution. 

Standard Curve.— Add 1, 3, 5, and 7 of phenol to 45 ml. of 0.5% sodium bi- 
carbonate solution in a 125*ml. separatory funnel. Follow the method as de- 
tailed in die procedure. Determine die optical densities at 600 m/i, using a final 
volume of 10 ml. and a blank as the reference. 

Procedure.— Aspirate air at a rate of 1 cf.m. dirough 45 ml. of 0.5% sodium bi- 
carbonate solution in a fritted bubbler. Transfer the sample solution to a 125-mI. 

« Jacobs. Morris B., ami Scheflan, L., The Chemical Analysis o£ Industrial Solvents, 
Interscicncc Publishers, Inc, New York, 1953. 

« Hughes, E. E, and Gorden, R., An^. Chem., 31, 94, 1959. 

** Braverman, M. M., Hochheiser, S., and Jacobs, Morris B., Am. Ind. H>g. Assoc. 
Quart.. 18, No. 2. 132. 1957. 
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separatory funnel. Add 4 drops of the amine test reagent, and then add 0.1% 
calcium hypochlorite solution, dropwise until the pink color changes either to 
blue or to colorless. Allow to stand for 5 minutes. Extract with 10 ml, of chloro- 
form. Filter the chloroform layer through a pledget of cotton into a small test 
tube. Make up to 10 ml. with chloroform. Stopper the tube and allow to stand 
for 30 minutes. Read the optical density at 600 m/x, and calculate the concentra- 
tion of phenol from the standard curve and the volume of air sampled. 



Chapter 24 


ALLOYS: IRON AND STEEL 

By H. F. Beeghly 

Jones and Langl^iin Steel Corp. 
Piilsbiiigli. I'a. 


Jniroduelion.— This chapter comprises leference methods compiled under the 
jurisdiction of Committee E-3 on Chemical Analysis of Metals, American Society 
for Testing and Materials (ASTM), 1916 Race Street, Philadelphia 3, Pa. Stand- 
ard and Tentative Methods are included. 

The ASTM Standard Methods are referee methods primarily; the Tentathe 
Methods have been approved by the sponsoring committee and accepted for use 
pending adoption as standard. Both Standard and Tentative Methods are issued 
under a fixed designation £30, followed by a number that is the year of original 
adoption or, in the case of revision, the year of last revision; the year is follot\ed 
by a T for Tentative MeUtods. The designation ES0-60T, for example, denotes 
a Tentative Afeihod, adopted in I960. 

Incorporated into tlie following procedures are Standard Sampling Methods 
(E59-57) and selected material from Recommejtded Practices (or Apparatus and 
Reagents (£50-60). In addition, tJie dtaptcr includes selected methods— mainly 
for determinations for wliich ASTM Methods have not been compiled. More 
extensive information, sucit as may be necessary for unusual or research analytical 
problems, is available in several published works.* 

* ASTiM, Methods for Chemical Analysis of .Metals, American Society for Testing and 
Materials, Philadelphia, 1960; Beeghly, H. F., Ferrous Mctalluigy, Reviews, Analytical 
Chemistry, 21, 241-6, 1949; 22, 235-8. 1950; 23, 228-31, 1951; 24, 252-8, 1952; 25, 30-6, 
1953; 27, 611-14, 1955, 29, 638-43, 1957. 31, 700-12. 1959; 33, 70R-76R. 1961; BSI. Methods 
for the Sampling and Anaivsis of Iron and Steel, Hritisli Standaids Institution, London 
(as issued): Kolcholf, I M., and Elving, P. J. (eds). Treatise on .\nalylical Chemistry. 
Interscience Publishers, New York, 1961; Lundell, C. E. F., Hoffman, J. I., and Bright, 
H. A., Chemical Analysis of Iron and Steel, John Wiley and Sons, Inc., New York, 1931; 
Piggott, E. C, Ferrous Analysis— Modem Practice and Theory, John Wiley and Sons, New 
York, 1953, Iron and Steel Institute, Special Report #68, The Determination of Gases in 
Metals, The Iron and Steel Institute, London. I960; Westwood, IV'., and Mayer, A.. 
Chemical Analysis of Cast Iron, and Foundry Materials, Allen and Unwin, 1952. 
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STEEL, CAST IRON, OPEN-HEARTH 
IRON, AND WROUGHT IRON^ 


Scope.— These methods cover procedures for the chemical analysis of steel, cast 
iron, open-hearth iron, and wrought iron. They have been compiled as standard 
procedures for use in referee analyses. The analyst should check the method and 
technique that is used by means of a National Bureau of Standards standard sam- 
ple that has a composition comparable with that of the material under test. A 
list of these standard samples is given in the Bureau’s Supplement to Circular C 
552 . 


SAMPLING (E59-57) 

a. ROLLED AND FORGED STEEL PRODUCTS 

Different parts of a piece of steel may vary in composition. For this reason, a 
sample from a single piece must be carefully selected if it is to be representative 
of diat piece. To obtain an analysis representative of a melt, a number of repre- 
sentative pieces should be sampled and analyzed separately. In any case, the 
sample shall be so selected as to be thoroughly representative, and large enough 
to suffice for all of the required determinations. It should be remembered that 
the composition of the steel is changed by certain operations and that samples 
should be taken from the steel in its original condition. 

Samples shall consist of drillings or chips cut by some machine tool without the 
application of water, oil, or other lubricant, and shall be free of scale, surface 
metal, grease, dirt, or other foreign substances. In sampling skelp, pipe, and 
tubes, or flat rolled stock used in the manufacture of pipe and tubes, the diameter 
of the drill used shall be the largest practicable within the limits of 14 to 1 in. If 
samples from other materials are taken by drilling, the diameter of the drill used 
shall be not less than V 2 in., when the area of cross-section to be sampled is 16 
sq. in, and under, and shall be not less than 1 in., when the area of cross-section 
to be sampled is over 16 sq. in. Samples shall be uniform, thoroughly mixed, and 
free of dust. Chips too coarse to pass a No. 16 (1190-/i) sieve* are not recom- 
mended, nor shall long, curly drillings that will not pack closely for the carbon 
determination be used. In referring samples to other analysts for check analysis, 
pieces of the original full-size section shall be submitted, when possible, rather 
than cuttings, unless tlie latter are specifically requested. 

2/VSTM Designations: E30-56, and E30-60T. Reproduced with the permission of the 
American Society for Testing and Materials. 

* Detailed requirements for these sieves are given in the Specifications for Sieves for 
Testing Purposes (.ASTM Designation: Ell), 1960 Supplement to Book of ASTM StinH. 
ard. Parts 3 to 5 and 7 to 10. 
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Location of Samples. Large Sectioiis.—For large sections, including blooms, bil- 
lets, slabs, rounds, squares, shapes, etc., samples shall be taken at any point mid- 
way between the outside and the center of the piece by drilling parallel to the 
axis. In cases where this is not practicable, the piece shall be drilled on the side 
(see Fig. 24-1 (6) and (c)) but the drillings shall not be collected until they repre- 
sent the portion midway between the outside and the center. The tension test 
specimen may be used for sampling if it conforms to the above conditions. 

Bored Forgings and Forged, Turned, and Bored Pipe.— For bored forgings, sam- 
ples shall be taken midway between inner and outer surface of the wall. For 
forged, turned, and bored pipe, samples shall be taken by drilling through the 
pipe wall, or cuttings shall be taken across the end of the tube, or millings shall 
be taken from a broken tensile test specimen cm from the wall of the tube. 

Thin Maierial.-For thin material or material of small cross-section, such as 
plates, shapes, bars, etc-, if the metliod described for large sections is not ap- 



Fic. 24-1. Location of Samples for Check Anal)sis. 


plicable, tlie sample shall be taken by machining oil the entire cross-section, or, \i 
this is not possible, by drilling entirely through the material at a point midway 
between the outside and the center (see Fig. 24-1 (o)). 

Sheets Rolled Longitudinally.—For sheets rolled from slabs or bars longitudi- 
nally, the specimen for sampling shall be cut 2 in. in widtli, and across the full 
widtlr of the sheet as rolled. The specimen shall be cleaned by pickling or grind- 
ing and then folded once or more by bringing the ends together and closing the 
bend. The sample for analysis shall be taken in the middle of tJiis length, by 
milling the inside sheared edges or drilling entirely through from the flat surface. 
Sampling by milling is preferable. For sheets of a light gauge, more than one 
specimen may be taken and stacked logctlier before folding. 

Sheets Rolled Transversely.— For sheets rolled from slabs or bars transversely, 
the specimen shall be cut from the side of U»e sheet, halfway between the middle 
and end as rolled, 2 in. in width arid 18 in, in length. If the sheet is No. 20 
gauge (24 oz. per sq. ft. or 0.037 in. in tliickness) or lighter, the specimen shall 
be cut from the full lengili of the sheet as rolled. The specimen selected shall 
be cleaned by pickling or grinding, and then folded once or more by bringing 
the ends together and dosing the bend. The sample for analysis shall be taken 
in the middle of this length by milling the inside sheared edges or drilling en- 
tirely through from the flat surface. Sampling by milling is preferable. 

Sheets Not of the Full Size Rolled.— Sheets cut from larger sheets, and not of 
the full size rolled, shall be sampled by milling or drilling the sheet in a sufficient 
number of places so that the sample is representative of the entire sheet. The 
sampling may be facilitated by folding die sheet botli ways. 
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Skelp and Flat Rolled Stock Used in the Production of Pipe and Tubes.— For 
skelp and flat rolled stock used in tlie manufacture of pipe or tubes, the specimen 
shall be cut across the width of the material as rolled. Sampling shall be by one 
of the following methods (A specific method may be required by reference.): (1) 
chips cut by some machine tool representing the full cross-sections; (2) chips cut 
by some machine tool representing a half cross-section; (3) drilling through or 
milling across the test specimen or a 2-in. strip cut midway between edge and 
center; or (4) drilling through at several points across the width. 

Pipe or Tubes.— Sampling shall be by one of the following methods: (1) chips 
cut by some machine tool, representing die cross-section; (2) chips cut by some 
machine tool, representing a half cross-section from a point adjacent to the longi- 
tudinal weld to a point 180° from the weld. Weld metal shall not be included; 
(3) drilling through or cutting by some machine tool across the test specimen or 
2-in. coupon located 90° from weld in welded products; or (4) drilling through 
the pipe wall at several locations around the circumference of the pipe or tube. 
In sampling wrought iron pipe it is desirable that the sample represent the entire 
cross-section of the specimen. Sampling by milling is preferable. Complete de- 
tails are included in the section on sampling wrought iron. 

b. PIG IRON 

In the absence of a special agreement between the manufacturer and the pur- 
chaser, or whenever it is necessai 7 to sample pig iron in the solid state, the sam- 
pling shall be carried out in die following manner: not less dian three pigs shall 
be taken to represent any lot or shipment, and for lots of more than 30 tons one 
pig shall be taken for each 10 tons of iron; the pigs shall be selected by some 
means, such as the knotted rope system, that eliminates the element of personal 
choice; three to seven pigs, taken in the order selected, shall constitute a unit 
sample; for boat or barge shipments, arrangements between the seller and the 
purchaser may be made, if desired, in regard to taking fewer pigs per ton; if for 
any reason it is desirable to fracture the pigs, they may be broken in two, and 
one portion of each of the original pigs reserved for the sample for analysis; any 
loose sand or other deleterious matter on the reserved portions shall be removed, 
conveniently by brushing. 

The sample for analysis shall be collected, after the proper discard, by drilling 
each pig or portion of pig with a properly sharpened and hardened, flat-bead, %- 
or %-in. high-speed tool-steel drill, in a direction at right angles to the long axis 
of the pig, and at such a feed as to form a minimum amount of fine drillings. 
The first drillings shall be discarded, and only the drillings collected after the 
drill has pehetrated U in. shall be reserved for the sample. The drilling shall ex- 
tend to within Yi in. of the opposite surface of the pig. Suitable precautions 
shall be taken to collect all the drillings, fine as well as coarse particles, and to 
avoid contamination of the sample in any way. Any pigs or portions of pigs 
found too hard to drill readily may be annealed by heating to a dark red color 
and cooling in air. 

The sample for analysis shall be composed of equal portions by wein^ht of the 
drillings from the pigs forming the unit sample. The weight of the°combined 
sample shall be not less than 75 g. The drillings shall be thoroughly mixed, as by 
gently grinding in a suitable mortar until all pass the No. 20 (840 -m) sieve! Un- 
less accurate determinations of combined and graphitic carbon are required, the 
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sample shall be carefully divifled into tliree equal parts In accordance with Sec- 
tion f., p. 649. 

When combined and graphitic carbon must be determined witJi the highest 
degree of accuracy, equal portions by weight of the drillings from the pigs or 
parts of pigs representing a unit sample shall be mixed to form a sample of at 
least 100 g., which shall tlien be separated into coarse and fines by sieving as de- 
scribed in the following section. 

c GRAY IRON CASTINGS 

In accordance with the Spccihcatioiis for Gray Iron Castings (ASThf Designa- 
tion: A48),^ three test burs 1.20 in. in diameter shall be cast in sand from each 
lieat after one-fourth and after thiee-fourihs of the heat has been poured. One 
bar from each set shall be broken. One end of eacJi, next to the fracture, shall 
be thoroughly cleaned and the outer skin removed for a sufficient distance from 
the fracture, down to clean metal. Chips shall then be taken by means of a 
lathe or milling maciiine across die whole face of the bar, until not less than 
100 g. have been collected. The same amount shall be taken from each bar. 
The bar shall be so clamped as to permit the attacliment or use of any suit- 
able device for collecting every part of the sample, and die machine shall be 
run slowly enough to reduce to a minimum the danger of loss of fine particles 
(avoid drafts). Horizontal drilling may also be employed. 

The entire gross sample shall be weighed and tlicn sifted on a No. 80 {177*/*) 
and, if necessary, a No. 120 (125 *m) sieve with cover. Botli sieves and cover must 
be tight-fitting to avoid loss of fine gnaphite by dusting. As an alternative pro- 
cedure: (1) the drillings may be sifted through two sieves of sudi sizes diat not 
under 10% nor over 20% of the entire sample remains on the larger sieve, and not 
under 10% nor over 20% passes through the sm.iller sieve; or (2) sieves may be 
used of such sizes tliat concordant results may be obtained. The two (or three) 
portions so obtained shall be separately weighed. Each one shall then be thor- 
oughly mi.xed without any loss of material, and then divided into three parts in 
accordance with Section p. 649. Before weighing die sample for analysis, the 
contents of each bottle shall be thoroughly mixed. Carbon is determined on 
each of tlie sieved portions, and the carbon present in die original drillings is 
calculated from the ratio of die weights of the separate sieved fractions to the 
original iron. As a general rule, the very fine material is richest in carbon, the 
coarse material next, while the iniemvediate sizes are the poorest. 

For routine analyses, the aim should be to obtain the iron in as small particles 
as possible, as for example by milling. In sudi case, the samples for graphite and 
carbon may be taken by forming a cone, flattening it out, and taking small dabs 
with a spatula from at least ten representative portions for each weighed portion. 
Less care is needed in taking portions for the determination of the other con- 
stituents; grab samples from the container after gentle tumbling are satisfactory. 

d. MALLEABLE IRON 

Malleable iron shall be sampled in the same manner as described for pig irott- 

e. WROUGHT IRON 

As it is desirable dial die sample represent the entire cross-section of the speci- 
men, sampling by milling is preferable. Specimens shall be freed from any mi 

< 1960 Supplement to Book of ASTM Standards, Part 1. 
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scale by pickling, grinding, or other suitable means. It is necessary to secuie all 
of the millings, for the various sized particles will differ in composition. For rou- 
tine work, samples for carbon, manganese, phosphorus, sulfur, and silicon may 
be taken from the thoroughly mixed millings. For the determination of slag and 
oxides, or for umpire determinations of the other constituents, the entire sample 
shall be weighed and then sifted witliout dusting on a No. 35 (500-/i) sieve. The 
two fractions shall be weighed, and in taking samples for analysis, portions of 
these two well mixed fractions shall be taken in the same proportion that they 
bear to the gross sample. 

f. SIZE OF SAMPLE AND STORAGE 

The prepared sample shall weigh at least 100 g. The sample, or each fraction 
into Avhich it has been separated by sieving (Section c), shall be divided into three 
equal parts, each of which shall be placed in a sealed package, one for the manu- 
facturer, one for the purchaser, and one for an umpire, if necessary. Samples 
that are to be stored over long periods, or that are oxidized readily, or otherwise 
altered in composition under varying atmospheric conditions, or that may be- 
come seriously contaminated in contact with paper or cardboard, should be kept 
in wide-mouth glass bottles of approximately 2-oz. capacity, having tightly fitting 
screw caps of metal or preferably, plastic composition. In other cases, tight, leak- 
proof, paper sample envelopes or cardboard cartons may be used to hold the 
sample. 

g. RESAMPLING 

In the case of dissatisfaction or disagreement, the metal shall be resampled in 
the presence of representatives of the manufacturer and the purchaser. The thor- 
oughly mixed samples shall be divided into three equal parts, eacli of which shall 
be placed in a sealed package, one for the manufacturer, one for the purchaser, 
and one for an umpire, if necessary. 

WATER, REAGENTS, AND GLASSWARE 

TFater.— Unless otherw'ise indicated, references to water shall be understood to 
mean distilled water or other water of equivalent purity.® 

Reage7its. Purity.— Unless otherw’ise indicated, it is intended that all reagents 
shall conform to the specifications of the Committee on Analytical Reagents of 
the American Chemical Society, when such specifications are available.® Other 
grades may be used, provided it is first ascertained that the reagent is of sufficiently 
high purity to permit its use without lessening the accuracy of the determination. 
In addition to this, it is desirable in many cases for the analyst to assure the ac- 
curacy of his results by running blanks or checking against a comparable sample 
of know'll composition. 

Concentrated Acids, Ammonium Hydro.xide, and Hydrogen Peroxide.— When 
acids, ammonium hydroxide, and hydrogen peroxide are specified by name or 

®AVater conforming to the Specifications for Reagent Water (ASTM Designation: D1193t 
1958 Book of ASTM Standards, Parts 6 to 10, meets these requirements. 

® Reagent Chemicals, .'\mencan Chemical Society Specifications, Am. Chem. Soc., Wash- 
nigton, p. C. For suggestions on the testing of veageius not listed by tlie American Chem- 
ical Society, .see Rosin, Joseph, Reagent Chemicals and Standards, 4th Ed., D. Van Nos- 
traiid Co., Inc.. Princeton. N. J., 1961, and the United States Pharmacopeia. 



^50 


ALLOYS: IRON AND STEEL 


chemical formula only, it shall be understood tliat concentrated reacents 
specific gravities or concentrations shown in Table 24-1 arc intended Th I • ' 
specific gravities or concentrations of ali other concentrated adds shall h, .,“1 
wherever they are specified. ° stated 


Table 24-1. Concentrations of Acids, Ammonium 
Hydroxide, and Hydrogen Peroxide 


Acetic acid 

Formic acid 

Hydrobromic acid . . 
Hydrochloric acid .... 
Hydrofluoric acid. . . 

Nitric acid 

Perchloric acid 

Phosphoric acid . . . 
Sulfuric acid . . 
Sulfurous acid 
Ammonium hydroxide 
Hydrogen peroxide . 


Formula 


Specific Pcf^ntage of Reagent by Weight 
Gravity. • 
approx. 


CHaCOOH 

HCOOH 

HBr 

HCl 

HF 

HNO 3 

HCIOi 

HjPO^ 

HjS04 

HjSOa 

NH 4 OH 

H2O2 


1.05 
1.20 
1.49 
1.19 
1.15 
1.42 
\.67 
1.69 
1.84 
1.03 
0.90 
1. 10 


Nominal 


Min. 


Max. 


99.5 

88 

47.0 

35.0 

48.0 

69.0 

70.0 
85 

95.0 

6 (SOs) 

27.0 (NHs) 
28 


72.0 


30.0 (NH,) 


''"""“"“'‘n Hydroxide.-Concentrjtions of diluted atids and 
mmonium h^ydroxide except when standardired. shall be specified as a ratio stat- 
ing die number of volumes of the 


r I concentrated reagent to be diluted with a given 

umber of volumes of water, as in the following example: HCl (5:95) means 5 
volumes of concentrated HCl (sp. gr. 1.19) diluted will. 95 volumes o£ water, 
atanaard holutions.-Coiicemratioiis of standard solutions shall be expressed as 
orma ities or as equivalents in grams per milliliter of the element to be deter- 
nuned, ior cx.,mple: O.I N KMuO,. or Na:di,,0,, (1 ml. = 0.0006 g. Cu). 

onstan ar ized Solutions.— Concentrations of nonstandardized solutions pre- 


dissolving a given weight of the solid reagent in a solvent shall be spe- 


imri * I" '''Sighed out» per liter of solution, and it shall be 

ers 00 at water is the solvent unless otherwise specified, for example: to 
prepare barium chloride solution (100 g. per liter) dissolve 100 g. of BaCl 2 - 2 H 20 
an dilute to 1 liter. In ilie case of certain reagents, the concentration 
y e specified as a percentage by weight, for example: H,0, (3%) means a solu- 
,• ” containing 3 g. of H 2 O 2 per 100 g. of solution. Other nonstandardized solu- 
s may e specified by name only and die concentration of such solutions will 
be governed by the instructions for their preparation. 

ivelrin methods, the coitcentrations of nonstandardized reagents are now 


desfrinrinne anhydrous salt per liter of solution, as dearly indicated in their 

methods are next .extensively revised, the descriptions of the re- 


agents will be revised to conform with 


Section 4(d) of E50. 
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All glass apparatus and vessels used in analytical work should be 
carefully selected to meet tire particular requirements for each operation. Stand- 
ard volumetric flasks, burets, and pipets should be of precision grade. New and 
improved types of glass apparatus aie available, including colored glass for the 
protection of solutions affected by light, alkali-resistant glass for use where superior 
resistance to alkalies is important, and a high-silica glass having exceptional resist- 
ance to tliermal shock. Standard-taper, intercliangeable, ground-glass joints are 
very useful in analytical work. 

Safety Precautions.— The analytical worker should be conscious of, and ready to 
•ruard against, hazardous chemical operations, which may have deleterious physio- 
logical effects or cany die risk of explosion, fire, etc.” The corrosive and injurious 
nature of concentrated acids, alkalies, and the like is generally understood. The 
poisonous nature of cyanides and hydrocyanic acid calls for care in handling burets 
and other vessels that are used in working with them. The importance of wearing 
protective goggles while performing distillations, fusions with peroxide, and other 
similar operations cannot be overemphasized. Suitable gas masks should be worn 
when handling cylinders of poisonous gases, or in other operations that may lead 
to the accidental liberation of a high concentration of poisonous gas. An air-fed 
helmet supplied from a compressed air line should be provided in any closed room 
where a cylinder of a poisonous gas is to be attached to a supply line. Cylinders 
should be chained to a suitable support before the shipping caps are removed. 
Adequate, properly ventilated storage space should be provided for hazardous 
cliemicals; such storage, for most laboratories, should be provided in a separate 
structure. Hazards and precautions applying to eight specific materials are covered 
in the following paragraphs. 

Beryllium.—Beryllium and its compounds offer a serious health hazard. The 
use of precautions against dusting and spraying of compounds or solutions is im- 
perative. The transfer of dry powders must be done in a “dry box" with attach- 
ment to a filter system connected to a gentle vacuum line. 

Radioactive Materials.— These offer special hazards that call for special training 
and special health protection. For high levels of activity, special construction is 
essential, and provision for proper disposal of radioactive wastes must be made. 

Hydrofluoric Acid.— Hydrofluoric acid burns are both painful and dangerous, as 
infection and necrosis of bone tissue may occur. Even if only one drop of HF has 
touched the skin, wash immediately with plenty of water, and soak the exposed part 
in a strong solution of borax. 


8 For further information the following references may be consulted: Tentative 
Method of Testing and Standardization of Etched-Stem Liquid-in-Glass Tfiermoinerev^ 
(ASTM Designation: E77), 1958 Book of ASTM Standards, Part 7; Hughes, T. C. Testiim of 
Hydrometers, Nat. Bureau Standards Circular 555, U. S. Government Piintintr Offirr- 
Washington, D. C.. 1954; Moran, J. J., Methods of Testing \'olumetric Glassware Pio’ 
ceedmgs, ASTM, 41, 492, 1941; Pelfer, E. L.. and Mulligan. G. C.. Testin- of Gla^ Vo 

mg New,, 26, 304, February 2, 1948; Patty. F. A„ luduatriff HreTene S ToxfcoSav" o 
vols.. Interscience Publishers, Inc., New York, 1949; Sax, N I Dancrptnnc u ^^^^ology, 
Industrial Materials, Reinhold Publishing Coip., New York', 1957- GenerM 
mittee of the Manufacturing Chemists’ Association. Inc., Guide for Safetv in 
Laboratory, D. Van Nostrand Co., Inc., Princeton, N. j., 1954. ^ Chemical 
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Nitric Oxide.— Tliese vapois are cumulatively harmful to the respiratory system 
so solution of metals in HNO 3 sltould be made in a wcll-ventilated hood. 

Hydrogen Sulfide.— Whenever possible, the generation of HjS should be limited 
to the amounts needed for the work at hand. The gas should be used only under 
an adequate hood, since it is more toxic than cyanide. When cylinders and stor- 
age tanks are used, it is desirable that die cylinder and tank be housed under 
cover with free access of air. The use of a helmet, furnished with a compressed air 
connection, is desirable when clianging cylinders or making repairs. Fatal acci- 
dents have resulted from loosening the nut of tJie purge vent itistead of the nut 
leading from the valve. 

Organic Solvents.— Regard all organic solvents as harmful, and avoid inhaling 
small amounts of vapor on repeated occasions. Smoking or open flames sliould 
be prohibited in areas where org.niic solvents are in use or in storage. 

Metallic Mercury.— Metallic mercury gives off an appreciable amount of vapor; 
it must not be handled in quantity in a conrincd space, even at loom temperature. 
Every effort should be made to avoid spilling mercury since it easily lodges in 
cracks and crevices and may result in iiieicury poisoning. 

Perchloric Acid.— Tin's acid has many desirable analytical uses tliat can be safely 
practiced with proper precautions. The well diluted acid has no hazardous prop 
eriies, but the hot, concentrated, constant-boiling acid in contact with reducing 
matter, organic or inorganic, may produce violent and dangerous explosions. Pre- 
cautions that should be taken in using HCIO^ are as follows: 

Storage.— Perchloric acid is normally purchased as either a 60 or 70% solution. 
This acid should be stored away fiom flammable and reducing materials, in a 
room or building that has ceramic floors, sides, and walls. If the acid becomes 
colored while standing, discard it immediately. There should be provision for 
flushing any spilled acid from broken containers, etc., down a drain, using adequate 
water to maintain proper dilution. 

Hoods.— For fuming operations with die tonsiani-bolling acid for the deteml- 
nation of silica, and like operations, it is imperative that the condensed acid fumes 
do not come into contact with wood or other reducing material. The ideal bencli 
and hood would consist of nonabsorbing, acid-resistant material with provision for 
waslving down the exhaust flue and interior of tlve hood once a month or oftener. 


Such hoods are commercially available, and should be considered in planning new 
installations or in redesigning old ones. Only inorganic cements should be used 
in joining the sections of the hood and bench. Litharge-glycerine cement should 
not be used in any part of a laboratory using HCIO^. A hot crucible placed on 
sudv a joint may cause a violent explosion if HCIO 4 has previously been spilled and 
absorbed in the litharge glycerine joint. The washing operation should be done 
in sudi a way that die condensed acid is greatly diluted. Protective clothing is de- 
sirable. If tools must be used in connection with cleaning, they should be used 
only after thorough water dilution of tlie add; nonsparking materials, sucli as wood, 
hard rubber mallets, or fiber brushes, should be used. 


10 For additional information on precautions tor the use of HCIO 4 . reference 
made to the following; Chemical Safety Data Slicci SD*II. Perchloric Add Solution, Manu- 
facturing Chemists’ Association. Inc.. 'Washington. D. C., 1947; Peichlonc Aad ua 
Sheet D-3U (D-Chem 44), National Safety Council. Chicago: Sax, N. !•> t 

Properties of Industrial Materials, Reinhold Publishing Corp.. New Vork, 1^'* ^ 
Safety Committee of the Manufacturing Chemists’ Association, Inc. Guide tor satt y 
the Chemical Laboratory, D Van Nosttand Co., Inc., Princeton, N, f., 1934. 
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Destruction of Organic Mazier.— Evaporation of organic solvents or ignitions of 
combustible material should be prohibited in hoods that are used for work with 
HCIO4. Filter papers that are used to filter solutions of dilute HCIO4 may, if in- 
sufficiently washed, deflagrate or explode during drying. Solutions of perchlorates 
and acids, or of HCIO4 in organic solvents, are hazardous mixtures and should 
never be heated or agitated violently. Under no circiunslances should a mixture 
containing HCIO ^ and alcohol be heated or evaporated; some of the most dangerous 
and damaging explosions have resulted from neglect of this rule. Perchloric acid 
is often used to destroy the last traces of organic matter in analytical operations. 
The bulk of the organic matter is destroyed by repeated evaporations with FINO;, 
and H.,SO.j, followed by dilution after cooling, and addition of minimal amounts 
of HCIO^, followed by further heating. This process, if improperly carried out. 
diat is, by adding HCIO4 while there is an appreciable quantity of organic matter 
and the HoSO^ is concentrated, may lead to violent explosions.^’^ 

Drying Operations— Magnesium perchlorate, which is used as a drying agent, 
should not be used in the presence of strong acid or of organic matter. Serious 
e.xplosions have resulted from its use for drying an organic liquid that has been 
in contact with sulfuric acid and has been poorly washed. 1- It has been reported 
that if Mg(C104)2 is allowed to absorb NH3 gas, an explosion may result.^* 

Metals and Alloys.— Hot, concentrated HCIO4 may react with finely divided 
metals to give violent explosions. Metallic antimony or bismuth has caused ex- 
plosions.i^ In general, the contact of hot, concentrated FICIO4 with any strongly 
reducing material is hazardous. W. Dietz has reported an explosion when steel 
was being dissolved. The explosion was presumed to have been caused by the ac- 
tion of the hot FICIO4 vapor on the hyclrogen simultaneously evolved. Dilution 
of the HCIO4 tends to minimize the explosion hazard. Nitric acid should ahuays 
be used with HCIO^ when metals and alloys are being dissolved. In this "way 
HNO3 serves as the major oxidizing agent, and lowers the HCIO4 concentration, 
so that by the time HCIO4 boils, the possibility of a violent e.xplosion is minimized. 


11 For information on explosion hazards, refer to the following: Kahane, E., Explosion 
Hazards in the Use of Perchloric Acid. Comptes rendus. Seventeenth Congress of the 
Chemical Industry in Paris, 1937, p. 471; Chemical Abstracts, 32, 6163, 1938 (For safety, 
the bulk of the organic matter is destroyed by nitric acid, and the perchloric acid is 
added to sufficient cold dilute solution.); Kahane. E., Uber Unfiille bci der Zerstdrung 
organischer und Oberchorsiiure, Zeitschrift fiir analyiischc Chemie, III, M, 1937; Balks 
R., and Wehrmann, O., A AVarning Against the Use of Perchloric Acid Mixtures for* the 
Decomposition of Animal Substances, Bodenkunde und PHanzcnerniilir, 11 253 1938‘ 
Chemical Abstracts, 33, 2438, 1939 (Some forms of animal material are insufficiently de- 
composed by HNO 3 to permit final use of HCIO 4 .); Kahane, E., Comptes rendus 193 
1018, 1931; Chemical Abstracts, 26, 940, 1932; Smith, G. F., Perchloric Acid 3rd Fd Tho 


i-vt.Lu, o, DVI, ivuu, oiuiiii, r 1 iic uuunbLlC 311(1 versatile Rrnrfmn Prr»l^ 
erties of Perchloric Acid, Analyst, 80, 16, 1955. 

w Pieters, H. A. J., with the collaboration of Creyghton, J. W., Safety in the Chemic-d 
Laboratory, Academic Press, Inc., New York, 27, 1951. ^ 

13 Private communication from G. Frederick Smith. 

wFichter. F.. and Jenny. E., Perchlorates of Bismuth and Antimony, Helvetica ChimiV-, 
Acta, 6 , 225, 1923; Chemical Abstracts, 17, 1599, 1923. ^ Ghmnca 


15 Dietz, 4V., Ober die Ungefahrlichkeit konstant siedender, 72 
chlorsaure, .“^ngewandte Chemie, 52, 616, 1939. 


prozen tiger 


Uber- 
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Detail of Combustion Tube F 



Fir. 24>2. T)pical Arrangomciu for Dcicrmliiation of Carbon by the Direct-Combustion 
^^etho(]: A, a 100-cu. ft. cylinder of oxygen; B. reducing \alvc: C, rubber tubing; £, 
toner containing soda lime for removing any CO 2 in tiie oxygen. A lajer of about ^ In. 
of anhydrous Mg{C 104)2 is placed on lop for removing traces of moisture; F, combustion 
tube. The asbestos impregnatetl with iron oxule is prepared by treating some asbestos 
with a saturated solution of Fc(NO<i) 3 , drying and Jieating to 1000*C. The treated asbes- 
tos is placed lightly in the combiisiion iiibe, and not p-ncked; G, electric furnace; L, ma- 
nometer gauge: ill, glass tube lighily p.icked with absorbent cotton to remove solid par- 
ticles; N, bottle containing 25 ml. of HjSO^ (I'-f) saturated with chromic add to remove 
sulfur gases from the gas stream; /. buttle contains 50 ml. of H 2 SO 4 (sp. gr. 1 84) for remov- 
ing the bulk of the moisture that passes over frpm bottle A'. ^Vherc a large number of 
carbon determinations arc being made the .add in Ibis bottle should be changed daily, 0, 
U-tube containing anhvdrous Mg{C 104 ) 2 ; ibis tube is filled lightly and evenly, so as not 
to cause packing; J. absorbing bulb containing a 20- to 30-mesh inert base impregnated 
with NaOH, for ulvsorbing the C 02 - A layer of glass wool is placed in the bottom and 
lop of the bull), and the soda-impregnated CO 2 absorbent is covered with a layer of anhy- 
drous Mg{C 104)2 approximately in. in thickness; K, bottle containing H 2 SO 4 (sp. gf- 
1.84); may be omitted if the stopcock in i is so manipulated during combustion that iw 
air is drawn through the exit tube. 


TOTAL CARBON BY THE DIRECT-COMBUSTION METHOD 

Apparatus and Reagcnti.— The apparatus shall be suitable for tlie direct coin- 
bustion of the metal in oxygen, with die CO« obtained being collected in a suitab e 
adsorbent, consisting of an inert base impregnated with NaOH and with suitab e 
purifying and protecting trains following the furnace. Figures 24-2 and 24-3 show 
two typical arrangements of the apparatus. The apparatus and arrangement may 
be modified, provided satisfactory results for the carbon determination will be 0 • 

r®Ascarite and Caroxue have been found »tisfactory for this purpose. 
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tained. Owing to tlie diversity of apparatus by which correct results may be ob- 
tained in the determination of carbon, the recommendations given in the following 
paragraphs are intended to indicate what is acceptable, rather than to prescribe 
definitely what shall be used. 



Fig. 24-3. Typical Arrangement for Determination of Carbon by the Direct-Combustion 
Method: A, mercury valve; B, bottle containing concentrated H.^SO.j: C, tower, with goose- 
neck top, containing CaCU; D, tower containing stick NaOH; E, electric furnace with com- 
bustion tube and adapters: F, bottle containing KMn 04 (50 g. per 1.), inserted only for 
steels with over 0.05% sulfur; G, tower containing granulatecl zinc; H, bottle containing 
concentrated H 0 SO 4 ; /, tower containing PoOsi J> weighed tower containing a 20- to 30- 
mesh inert base impregnated with NaOH. for absorbing the COo. 


Combustion Apparatus.— Any combustion apparatus (preferably heated by elec- 
tricity) that will heat the sample to a temperature of 1000° to 1100°C. may be used 
for carbon steels and most low-alloy steels. Electric furnaces heated by silicon car- 
bide rods, giving temperatures up to H00°C., are very useful for determining car- 
bon in refractory alloys. Combustion tubes may be of porcelain, sillimanite, clay, 
quartz, or platinum, and must be gastight. Quartz is liable to devitrification when 
used intermittently at temperatures above 1000°C„ and may then become porous. 
Tubes 30 in. long and V/i in. I.D., and drawn out at one end, may be used con- 
veniently for the small Gooch crucibles of fused silica that are used in the determi- 
nation of graphite in cast iron. 

Catalyzers.— Though materials such as ironized asbestos, copper oxide, platinized 
quartz or asbestos, or platinum gauze are often put in the exit end of the combus- 
tion tube for the purpose of insuring complete combustion of carbon to CO.„ it is 
questionable whether they are of any value, except to serve as baflles for holding 
back finely divided solid metallic oxides and sulfur trioxide, since they soon become 
fouled. When such baffles are used, the fixed sulfur shall be burned out every 200 
determinations or oftener by drawing the exit end of the combustion tube into the 
hot zone, while a current of air or oxygen is passed through it. When carbon de- 
terminations are being made on materials with high sulfur contents, baffles should 
not be used in the exit end of the tube, but a special SOo absorber or purifier 
should be placed between the tube and the CO., absorber. 

Boats and Covers.-The boats and covers may be of alundum, clay, zirkite, nickel 
or platinum, and should preferably receive a lining of granular alundum or other 
material found to be suitable for the purpose. Nickel boats shall be made of 
sheet nickel containing under 0.10% of carbon. Before use, new boats and covers 
shall always be preheated in oxygen until no more COo is given off, or until a 
constant blank is obtained. In order to prevent injury to“the tube from spatterin- 
a platinum or nickel cover, open at both ends, and allowing free access of oxygen 
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Material for Lining Boats.— Granular alundum.i^ alkali-free, 60-mesh or finer 
specially prepared for carbon determinations, is entirely satisfactory for the lining 
o£ boats. Ignited low-silica chrome ore, or zirkile (natural oxide o! zirconium) 
properly sized and freed from materials causing a blank may be employed. Ferric 
oxide is recommended as permitting combustion of carbon steels at low temper- 
atures (800“ to 900“C.), but is not recommended for high temperatures. Quartz 
sand is objectionable, owing to its liability to fuse or to slag witli oxides of iron 
causing bubbles of gas to be enclosed. 

Absorbing Bulbs.— No special types of absorbing bulbs are recommended, al- 
though the Fleming, Miller, Turner, and the Midvale (sometimes called Stetzer and 
Norton) bulbs lia\e prosed satisfactoiy. Whetj filled, the tubes shall not weigh 
over 200 g., and they shall alivays be tveighed, filled with oxygen, against a like 
counterpoise. Open bulbs, such as the Midvale, lose oxygen by dilfusjon. They 
shall be filled with oxygen before weighing, when not in continuous use, and the 
same time interval shall be held between weighings. 

Oxygen Purifiers.— The purity of the oxygen sliall be not less than 99.5%. Or- 
ganic matter of any kind is an undesirable impurity. It is usually absent, and it 
suffices to pass the oxygen through an absorbent such as a 20- to SO-mesh inert base 
impregnated witli NaOH, foUotved by anhydrous Mg(C10^)j.. If carbonaceous 
matter is suspected, the oxygen shall be passed through a tube that is loosely 
packed with copper oxide and heated to altout 450“C, beft>re it is passed through 
llte NaOH-impregnaied material. 

Carbon Dioxide Purifiers.— The purifiers that follow the combustion tube muse 
remove finely divided solid metallic oxides and oxides of sulfur or selenium, dry 
the gases before they enter the w’cighed COo absorber, and protect the absorber 
from outside effects. Finely divided solid metallic oxides are removed from the 
gases during their passage through the liquids or columns of solids that precede 
the weighed absorber. The small amounts of SOj that are given off from materials 
low in sulfur may be satisfactorily removed by HjSO^ that has been saturated with 
chromic acid. Materials with high sulfur contents need other absorbents such as 
diromic acid (500 g. per liter) or KMnO^ (50 g. per liter), followed by suitable 
desiccants, or heated platinized silica gel, that will convert the SO2 to SO3. The 
.SOj tliat is so formed is not removed by auy owe absorbent, hut is condensed and 
absorbed during its passage through the liquids or columns of solids in the train. 
An asbestos or glass-wool filter sliould be used after such .absorbents as the chromic 
acid solution to prevent the spray from coming in contact with rubber connec- 
tions, thus causing high values to be obtained. A tube containing a mixture of 
ironized asbestos and anhydrous j\Ig(C10^)fl should be used after the platinized silica 
gel. The ironized asbestos should be prepared as follows: saturate 20 g. of long- 
fiber asbestos with a saturated solution of Fe(N03)3, dry, and ignite at IO00“C. 

Carbon Dioxide Absorbents.— The most desirable absorbent for COo is 20- to 
30-mesh inert base impregnated witli NaOH, followed by anliydrous Mg(C104)2 
the exit end. The latter is needed to absorb the water that is formed during the 
reaction and is not held by the unused COj absorbent. 

Procedure. Carbon and High-Silicon Steels Containing Under O.I^ Sulfur .- 
After having properly set up and tested tlie apparatus, spread I to 5 g- of the sam- 
ple on the bed material in the boat so that ilie particles are in intimate contact. 

ir R. R. Alundum has been found satisfactory for this purpose. . 

18 In general, the sample shall be packed in a small groove or furrow that has tw 
made in the bedding material in the boat. 1£ the material bums too rapidly, satisrac 17 
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Cover the sample with a suitable cover and introduce the boat into the hot com- 
bustion tube. Close the tube and allow the sample to heat for 1 to 2 min.,io de- 
pendint’- upon die size of the partides.-’o Then admit o.Kygen =1 at a rate of 800 
to lOGo'^ml. per min. while combustion is going on.-^ Use a furnace temperature 
of 1100°C. or above. When combustion is complete (1.5 to 2 min.), reduce the 
rate of flow of oxygen to 400 to 500 ml. per min. and continue for 6 to 8 min. in 
order to sweep out the COo. Withdraw the absorption tube filled with oxygen, 
place it in the balance case for 10 min.,23 open momentarily, and weigh against a 
similar tube used as a counterpoise. The increase in weight represents COo. Re- 
move the boat from the tube and examine the fusion for evidences of incomplete 
combustion. If the drillings are not thoroughly fused in a solid pig, the determina- 
tion shall be rejected. 

Make a blank determination, following the same procedure and using the same 
amounts of all materials except the sample. Calculate tlie percentage of carbon as 
follows: 


Carbon, per cent 


(A - B) X 0.2729 
C 


X 100 


\vhere A = grams of CO 2 , 

B = correction for blank, in grams, and 
C = grams of sample used. 

High-Sulfur Steels.— Determine carbon in accordance with the procedure de- 
scribed above, but insert a special SO^, oxidant in the train consisting of a tube of 
platinized silica gel heated to 440'’C., followed by a tube containing ironized as- 
bestos (see Figs. 24-2 and 24-3) and anhydrous Mg(ClO^)^. 

Alloy Steels.— Determine carbon in accordance with the procedure described in 
the section on carbon and high-silicon steels, above. Although most of the low- 
alloy steels burn perfectly at 1100°C. without the addition of an accelerator, many 
alloy steels require an accelerator to obtain complete combustion at this temper- 
ature. If a steel burns with difficulty, either place a small (j^i in.) pellet of tin on 


regulation of the speed of combustion may sometimes be obtained by spreading the 
sample somewhat loosely over the bedding material or by covering with a thin layer of 
the bedding material or, preferably, ignited CuO. 

13 If the sample is allowed to come to the temperature of the furnace before the oxygen 
is admitted, it usually bursts into a bright flame and burns completely. A period of 1 
to 2 min. of preheating suffices. 

30 The finer the chips (excluding dust, which causes low values on a hot boat) the better, 
except with alloys that burn too vigorously. Drillings or millings sized between 11 and 
CO mesh are satisfactory. 

31 “Hospital grade” oxygen is preferred for this purpose. 

33 The rate at which oxygen is admitted is also a factor in the velocity of combustion. 
Assuming the combustion apparatus has been heated to the temperature range above that 
recommended, it is possible, if the material is closely packed, and if oxygen is admitted at 
too rapid a rate, that the combustion may be so violent as to cause excessive spattering 
of fused oxides and such fluidity of the molten slag that the boat or other container may 
be injured or destroyed. Sufficient oxygen, however, shall be run in to insure a current of 
gas through the absorber at all stages of the combustion. When tin is employed as an 
accelerator, combustion is very rapid and it is, therefore, necessary to increase the flow of 
oxygen during combustion. 

33The tube will warm up when CO._. is absorbed. It is not necessary to wait until it 
1 caches room temperature if it is in continuous use, provided the same lime interval is 
maintained, and approximately the same amount of CO., is absorbed. 
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each end of tlie sample (or spread I g. of tin millings over the sample) or mix 
with 1 to 2 g. of 40-mesh millings of open-hearth iron, and proceed as usual.2< 

With high-chromium, high-nickel steels (18^ chromium, 8% nickel; 20% chro- 
mium, 20% nickel; etc.), the principal sources of error in carbon determinations 
are: (1) combustion at loo low temperatures; and (2) omission of, or faulty correc- 
tions for, blank determinations. More certain combustion of all carbon is obtained 
if a temperature of 1250“C. or higher is employed and tin or open-hearth iron is 
used as an accelerator. Preheating is necessary, rs and burning at higher pressuits 
of oxygen seems advantageous; ilsat is, a sufficiently rapid stream of oxygen should 
be maintained during the burning so that it is bubbling freely at the exit end of 
the train. After the burning is completed, continue the flow of oxygen for 6 to 8 
min. in order to sweep out the COo. If sulfur exceeds 0.06%, special precautions 
shall be taken to eliminate oxides of sulfur. Steels containing boron require a 
higher temperature than 1100“ to !I50*C., if tin is used as the accelerator. This 
temperature is satisfactory if pure iron is used as the flux. 

Selenium Steels.— Determine carbon as described for higli-sulfur steels aboie. 

Pig Iron, Cast Iron, and Malleable Iron.— Determine carbon in accordance with 
the procedure described (or carbon and Itigh-silicon steels, using 1 g. of the 
sample. Special care sliall be used in obtainijig a representative sample (see 
Sections b, c and d above, on sampling). Precautions for sulfur are of no particu- 
lar moment for cast iron, except, of course, for continuous combustions of iron 
containing more than 0.10% of sulfur. 

Procedure for Alloy Cast Iron.— Determine carbon its accordance witlt the pro- 
cedure described for carbon and high-silicon steels. High-silicon and most alloy 
cast irons require a temperature of at least 1100“C. for complete combustion. Ac- 
celerators (see ihe section on alloy steels) are desirable for high-chromium, high- 
nickel iron. 

Open-Hearth Iron and Wrought Iron.— Determine carbon in accordance with the 
procedure described for carbon and high-silicon steels, using 8 to 4 g. of die sample, 
and paying special attention to proper blank corrections. With very low-carbon 
material, as open-heartli iron, die use of small absorption tubes*® tends to reduce 
errors caused by variations in temperature and humidity. 

Graphite in Cast Iron.— Trajisfer 1 to $ g. of the sample to a 250-inI. beaker. 
Add 50 ml. of HNO3 (3:5), cover, and Jieat on a steam batli for about 30 min., 
while stirring occasionally. Add 1 to 2 ml. of HF and boil gently for 4 to 5 min. 
Collect tlie residue, conveniently by suction on ignited asbestos contained in a 
fused'silica Gooch crucible of such diameter as will fit in the combustion tube. 
Wash thoroughly with hot water, hot KOH (120 g. per liter), hot water, HCl (1:20), 

2* Red lead, copper oxide, lead, ai«l powdered copper aic also used as at-celerators. 
Red lead to be used for this purpose should first be heated in an atraosphcie of oxygen 
in an open porcelain dish, with frequent stirring, at 500* to 550’C. for 15 to 24 hr., then 
cooled m a desiccator and transferred to a tightly stoppered bottle, preferably one wi 
a ground-glass stopper. When red lead is employed, the detemiination should be com- 
pleted promptly, in order not to expose the red lead to the atmosphere any longer tnan 
necessary, as it readily absorbs CO2 from the aic. With high-silicon alloys known to con- 
tain silicon carbide, it is necessary to use red lead only when the temperature 01 
furnace is approximately llOO'C. When a furnace temperature of ISSO’C. or hign" » 
used, all of the carbon can be obtained by mixing the sample with an equal weigni 
CuO and burning wilh the v«eigbt of ingot iron millings or drillings specified. 

25 Schwartz glass-stoppered, lO-cm., U-shaped absorption tubes containing a ^^2 ^ 
sorbent such as inert base impregnated with NaOH, and anhydious Mg(C104)2, ^re 
factory for this purpose. 
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and hot water, in the order given. Dry the residue at a temperature not exceeding 
150°C., and determine die graphite by direct combustion at 1000°C. in the ap- 
paratus used for the determination of total carbon. 

MANGANESE 

THE BISMUTHATE METEIOD (ABSENCE OF COBALT) 

Apparatus. Filter.— A Gooch crucible or a fritted-glass or alundum filtering 
funnel of the Buchner type, of sufficiently fine porosity to prevent passage of bis- 
muthate particles.' 

Reagents, (a) Sodium Bismuthate.-The sodium bismuthate shall contain 
enough active oxygen to correspond to at least 75% NaBiO.,. Manganese and 
chlorkles shall not exceed 0.005 and 0.001%, respectively. 

(b) Sulfurous Acid.-Saturate water with SOo. Prepare fresh as required. 

(c) Nitric Acid (3 '.971. 

(d) Ferrous Ammonium Sulfate Solution.— Dissolve 12 g. of Fe(NH^)2(SO.j)2' 
6H.,0 in cold HoSO^ (1:19). 

(e) Standard Potassium Permanganate Solution (0.03 N). 

(f) Standard Sodium Arsenite Solution (1 ml. = 0.0007 g. Mn).— The solution is 
preferably standardized against a standard steel of approximately the same man- 
ganese content as the sample, except for open-hearth iron and wrouglit iron. For 
open-hearth iron and wrought iron, standardize as follows: dissolve 1 g. of electro- 
lytic or open-hearth iron of a known, low manganese content -'’ in 30 ml. of FINO;{ 
(1:2). Add exactly 20 ml. of 0.03 A’ KAfnO.,, and 2 to 3 drops of HoSO;}, and boil 
to expel brown fumes. Remove from the source of heat, cool somewhat, add 
about 0.5 g. of NaBiO.^ (or an amount sufficient to effect either a pink color or a 
precipitate of MnOo), and boil for 2 to 3 min. Clear the solution of permanganic 
acid or MnOo by the addition of a few drops of HoSO.j, and boil to expel brown 
fumes. Cool to 15°C. or lower, add 0.5 g. of NaBi0.j, and complete the standardiza- 
tion in accordance with Sections (a) and (e) of the Procedure. 

(g) Zinc Oxide Suspension.— Shake 50 g. of finely powdered ZnO vigorously with 
300 ml. of water. 

Procedure. 1. Carbon Steels.— («) Dissolve 1 g. of the sample in 50 ml. of HNO.; 
(1:3) and boil until brown fumes have been expelled. Remove from the heat, cool 
somewhat, add about 0.5 g. of NaBiO-j, and boil for 2 to 3 min. With high-carbon 
steels, about 1 g. of NaBiO-j, or an amount suificient to effect either a pink color 
or a precipitate of ]\rn02, shall be added. Clear the solution of permanganic 
acid or Mn02 by adding a few drops of FloSOa, and boil until brown fumes have 
been expellee!. Cool to Ib^C. or lower, adef 0.5 g. of NaBiO., (or an amount equal 
to approximately 26 times die weight of manganese present, but not less than 0.5 
g.), and agitate for 1 min. Add 50 ml. of HNO3 (3:97) and filter through a Gooch 
crucible or a fritted-glass or alundum filtering funnel of the Buchner type. Wash 
with HNO3 (3:97) until the washings run through colorless. The filtrate must be 
clear and absolutely free of particles of bismuthate. Complete the determination in 
accordance with (6) to (d), or (e) and (/) below'. 

Ferrous Sulfate-Pennanganate Titration.-(6) Add 2 ml. of H3PO, to the filtrate. 
Add enough ferrous ammonium sulfate solution from a buret to discharge com- 

thh purpose Standards’ standard sample No. 55 of ingot iron is satisfactory for 
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plctely the color of tlie permanganic acid, and then add 1 to 2 ml, in excess. Ti- 
trate with 0.03 N KWnO^ to the appearance of a faint pink color, 

(c) Blank.— Make a blank determination, following the same procedure and using 
the same amounts of acid and bismuthate as were used with the sample. Finally, 
add tile exact volume of ferrous ammonium sulfate solution that was used for the 
sample and titrate with 0.03 N KMnO^. 

(d) Calculation.— Calculate die percentage of manganese as follows: 


Manganese, per cent 


{A - D)C X 0.0110 
D 


X 100 


where A = milliliters of KMnOi solution required to titrate the blank, 

B = milliliters of KMnO« solution required to titrate the sample, 

C = normality of the KJj^nOj solution, and 
D = grams of sample useO 

(e) Arsenite Titration.— After ftltcring o(F tbc bismuthate (Paragrapli (a)), imme- 
diately titrate with sodium arsenite (I ml- « 0.0007 g. Mu) to a dear greenish yel- 
low color that does not change upon addition of another drop of arsenite. 

(f) Calculation.— Calculate the pcrceuiage of manganese as follows: 

EF 

Manganese, per cent = ~ X 100 

where E » milliliters of sodium arsenite solution required to titrate the sample, 

F » manganese equivalent of the sodium arsenite solution, in grams per milliliter, 
and 

D e grams of sample used. 

2. Alloy Stedn— With steels containing nickel, molybdenum, and less than 1% 
of chromium, determine manganese as described in Section 1 above, although it is 
preferable in the most accurate work to remo\c cliromium if it is present as an 
essential constituent of the steel (over 0.50% chromium). This may be done by 
the bicarbonate separation described in Section 3(a). 

S. Chrotnium-Vajiadiutn, Stainless, and Sifnilar Steels, (a) Bicarbonate Separa- 
tion.— Transfer 1 g. of the sample to a 300-mi. Erlenmeyer flask, add 20 ml- of 
HoSO^ (1:9), cover, and heat gemly. When’ action is complete, dilute to 100 ml- 
■with boiling water. Add NaHCO^ (SO g- per liter) from a buret until a perma- 
nent precipitate is formed (approximately 36 ml.) and then 4 ml. more. For high- 
chromium (18%) steel use a 12- to IS-ml. excess. Cover the Bask, boil for 1 rain-, 
and let the precipitate settle. Filter rapidly, conveniently through a cone and 
paper containing a little paper pulp, wash tbe flask, and piccipitaie four or five 
times with hot water, If tbc precipitation li.is been properly performed, there 
will be no more precipitate than can be coiivciiieutly handled on an Il-cm. paper. 
The filtrate will become cloudy in the funnel stem and in the receiving 
owing to oxidation and hydrolysis. Heat tlie filtrate to boiling and oxidize wiin 

27 The bicarbonate piecipitate does not oidiiiaiily contain moie than 
(about 0.01%) of manganese. In very ararrate work this should be recovered by 
ferring the preapitate to a beaker, dissolving it in aqua regia, fuming with 
then carefully adding NagO. in excess and boiling. Chioinium and vanadium aic 
sepaiated from manganese and lion, which should be fiUcicd olT. dissolved in o'- 
HNO 3 (1:1), and added lo the filtrate fioin the bicarbonate piecipitation. A p 
H 2 SO 3 added to the HNO 3 aids in the solution of the MnOg- 
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smnll portions of HNO 3 , adding a total of 12 ml. Evaporate to about 50 ml. Add 
abmit^OS g. of NaBiOg and boil 2 to 3 min. Clear tlie soution by adding a few 
drops of HoSOg, boil, and complete the determination as described in Section 1 

Oxide Separation.-Alternatively. the zinc oxide separation of chromium 
and manganese may be used in place of the bicarbonate separation Transfer 1 
o- of the sample to a 400-ml. beaker, add 25 ml. of HNOg (1:3), and heat gently. 
If the alloy is not attacked by HNOg, dissolve in 25 ml. of H.SO^ (1:5) and oxidize 
with 2 to 5 ml. of HNOg. When the sample is dissolved, dilute to 200 ml., nearly 
neutralize with NH^OH, and then add 5-ml. portions of the ZnO suspension until 
the iron is precipitated and a slight excess of ZnO is present. Shake thoroughly 
after each addition of ZnO. When sufficient ZnO has been added, further addi- 
tion of the reagent causes the brown precipitate to appear lighter in color. A 
sufficient excess of ZnO is also indicated by a slightly white and milky supernatant 
liquid. Allow the precipitate to settle, filter through a rapid filter paper, and 
wash well with cold water. The ZnO precipitate will retain small amounts of 
manganese (about 0.01%). Add 12 ml. of HNOg to the filtrate and evaporate to 
about 50 ml. Add about 0.5 g. of NaBiOg, and boil 2 to 3 min. Clear tire solution 
by adding a suitable reducing agent, boil, and complete the determination as de- 
scribed in Section 1. 

4. Cast Iron and High-Silicon Stee/s.— Transfer 1 g. of the sample to a 125- or 
150-ml. Erlenmeyer flask, add 25 ml. of HNOg (1:3), heat, and boil 2 to 3 rain, 
after action ceases. Cool, filter, and wash the flask and paper with 25 ml. of HNOg 
(1:3). Wash the paper a few more times with hot water, and then complete the 
determination as described in Section 1, including the preliminary oxidation and 
boiling with NaBiOg. 


i. Open-Hearth Iron and Wrought / 7 on.— Determine manganese in accordance 
with die procedure described in Section 1, using 2 to 3 g. of the sample and dis- 
solving in 100 ml. of HNOg (1:3). It is advisable, before filtering the solution 
through a Gooch crucible (Section 1 («)), to treat the asbestos pad with a weak 
solution of KMnO^ and then to wash it free of KMnO^ with HNOg (3:97). Very 
low-manganese irons shall not be filtered through pads used previously for higher- 
manganese alloys. 


THE PERSULFATE METHOD (PRESENCE OF COBALT) 
Apparatus: Potentioineit ic Titration.-^ — The essential parts of a potentiometer 
are shown in Fig. 24-4. The battery, B, produces a potential drop across the re- 
sistance wire, R, which will be uniform along the length, because the wire is of 
uniform resistance. To determine the actual magnitude of this potential drop 
connect a standard cell between the terminals of the electrodes and E., in such 
a way as to furnish a back e.m.f. Adjust the slide S until the galvanometer shows 
no current flowing. The potential drop between a and S. produced by B, will then 
be equal to that of the standard cell. Measure the length aS and the total len«-th 
of the wire and calculate the total potential drop by proportion. “ 


2s For further infornmion, see the following references: Kolthoff, I. M.. and Laitinen 
H. A., pH and Electro Titrations, 2nd Ed., lohn tV^ilev and Sons atL v 
Kolthoff. I. M., and Furman, N. H., PotendimLic Satffins^ ^ohn Wn’ 

Sons, Inc., New York, 1931; Muller, R. H.. Instrumental Metho'rk J r Wdey and 
Ind. Eng. Chem., Anal. Ed., 13, 722-727 IDFT Furman N H Pr,t ,• -^'^^tlysis, 

A ,ri.h BiWbgraphy. Ind:E:4:’S..^S id iJm?! 

Potentiometric Titrations, Anal. Chem., 28, 671-678, 1956. ^ 



662 ALLOYS: IRON AND STEEL 

In actual practice it is convenient to liave a permanent calibration of rh, , 
sistance scale in terms of millivolts. Changes in potential of the balterv R ul,' k 
would otherwise alter this calibration, are compensated for by variation 'of S 



Fic. 24-4. Diagram of ihc Essen* 
tial Parts of a Potciuioniclcr: li. 
soltaic source, R, uniform lesist* 
ance witc; S, slide contact; C, gal- 
vanometer; E, electrodes; C, cali- 
bration adjustment. 



Fic. 24-5. jXfcrciiious Chloride 
(Calomel) Half Cell for Po- 
tcniiomctric Titration. 


calibration adjustment C. By changing die reslstatice at C. the total potential 
dry across R can be altered, within limits, to ilic pre-establislied value. 

here are available commercially many fine polentiomctric instruments that are 
accurate and convenient to operate. Most of these ha\e sensitive vacuum tube 
circuits, contain a standardizing ccIJ, and arc calibrated to read poten- 
iia s irectly. The most common indicator electrode for oxidation-reduction meas- 
urements is bright platinum. The reference electrode most commonly used is the 
saturated calornel electrode. This calomel electrode may be eitlier the commercial, 
pencil-type unit that is immersed directly in the solution, or may be an external 
cell contacting the solution by means of an agar-agar salt bridge or a salt solution 
n ge. An example of the latter is shown in Fig. 24-5. Many other types of elec- 
electrode pairs may be emplo)ed, the platinum-tungsten system for 

To measure the potentiaf of a solution, electrodes E+ and E- of suitable na- 
turc are immersed in the solution. The slide S is adjusted to die null point 
as in ‘nated by the galvanometer, and the potential is read or is calculated from the 
measure ength aS, tlie total length of the wire, and the previously determined 
total potential drop along tlie wire. 

^ To conduct a poteiuioraetric titration tlie electrodes are immersed in the solu- 
tion and the potential measured as described. A measured volume of titrant is 
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idded from the buret, the solution is stirred, and the potential ineasured. An- 
odmr measured volume of titrant is added, the solution is stirred, and 
measured. This process is repeated until tire reaction has been carried sligl y 
yond completion. It is cliaracteristic of an oxidauon-reduction titration t la 
oreatest rate of change of potential occurs at equivalence point. This point can 
be readily identified by examining or plotting the data; it corresponds to the end 
point. In many cases it is necessary only to acid titrant dropwise as the end point 
is approached and stop the titration when one drop is observed to produce a large 
cliange of potential. 

Reagents, (a) Mixed Acids.-Add 100 ml. of H.SO^ to 525 ml. of water slowly, 
while Stirring. Cool, and add 125 ml. of H3PO4 and 250 ml. of HNO3. 

(b) Silver Nitrate Solution (8 g. per liter). 

(c) Ammonium Persulfate Solution (250 g. per liter).-The solution must not be 
kept longer than 12 hr. If the salt is of less than 95% strength, the necessary equiv- 
alent must be used. 


(d) Standard Sodium Arsenite Solution (1 ml. = 0.0007 g. Mn).— The titration 
of permanganic acid with sodium arsenite by either the visual or potentiometric 
metliod is empirical. It is, therefore, necessary to standardize the arsenite solution 
against a like weight of a standard steel that has approximately the same man- 
ganese and chromium content as the sample being analyzed, and has been treated 
in exactly the same maimer, except for open-hearth iron and wrought iron. For 
open-hearth iron and wrought iron, standardize as follows: Dissolve 1 g. of electro- 
lytic or open-hearth iron of a known, low manganese content in 30 ml. of the 
mixed acids. Heat until solution is complete, and boil to expel brown fumes. 
Dilute to 100 ml. with hot water, add exactly 20 ml. of 0.03 N KMnO^, and then 
add just enough H0SO3 to reduce die KiMn0.j. Boil again to expel brown fumes. 
Add 10 ml. of AgNOg (8 g. per liter) and 10 ml. of (NH^)3S^,Os (250 g. per liter). 
Heat to boiling and boil briskly for 60 to 90 sec. Complete the standardiza- 
tion in accordance widi the procedure described in Section 1 (5) and (c) or (5) 
and (d). 

Procedure. 1. Carbon Steels.-{a) Transfer 1 g. of the sample for a steel con- 
taining 1% or less of manganese, or 0.5 g. of the sample for a steel of higher man- 
ganese content, to a 500-ml. Erlenmeyer flask, and add 30 ml. of the mixed acids. 
Heat until solution is complete, and boil until brown fumes have been expelled. 
Add 100 ml. of hot water, 10 ml. of AgNOg (8 g. per liter), and 10 ml. of (NH^)„S.,Os 
(250 g. per liter). Heat to boiling and boil briskly for 60 to 90 sec. 

(5) Add 75 ml. of water to the solution, cool to 30'’C. or lower, and titrate as de- 
scribed in Pai'agraph (c) or (d). 


(c) Visual Titration.— Titrate rapidly rvith sodium arsenite (1 ml. = 0.0007 
Mn) to a clear yellow end point that does not change upon the addition of mora 
arsenite. If tire solution is not titrated rapidly with arsenite, part of the man 

ganese may be reoxidized by the (NH^joS.Og during tire titration and thus yield 
high results. ^ 


(d) Potentiometric Titration.2«-Cool the solution to 15“C. and titrate ranidlv 
with sodium arsenite (1 ml. =. 0.00007 g. Mn). To titrate, bring the needle (or 


29 "While the potentiometric titration offers no particular .. 

method for steels containing less than Ig' of nnn"aneso it ic rini f visual 

ducible end points can be obtained poteiitiometrically with steels of’^hilh 
tent. The apparatus consists essentLy of three ^rls^fm^^stefelTcTS!^:^ 
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light-beam) on tlie scale, and then add llie sodium arsenite solution. As the end 
point is approached (rapid fading of tlie pink color) the indicator will remain su- 
tionary, or move very slowly. Continue tlie addition of dte arsenite drop by drop 
until a sharp break of 4 to 5 scale divisions is obtained. 

(e) Calculation.— Calculate the percentage of manganese as follows: 


where A ~ milliliters of sodium arsenite solution required to titrate the sample, 

B = manganese equivalent of the sodium arsenite solution, in grams per milliliter, 
and 

C = grams of sample used. 

2. Nickel, Chromium-Nickel, Chromium-Vanadium, and Chromium-Vanadiutn- 
Molybdenum 5/ee/j.— Determine manganese in accordance with the procedure de- 
scribed in Section 1. 

S, Chromium Steels Containing Over ■/% C/irommm.— Separate tlie greater part 
of the chromium by the bicarbonate separation described in Section 3 (a) above, 
using a 6-ml. excess of NaHCOj (80 g. per liter) for high-chromium (18%) steels. 
Add SO ml. of the mixed acids to the filtrate, evaporate to 125 ml. and complete 
the determination as described in Scclioii 1. WitJi high-carbon (0.8%), ingh-chro- 
mium. chromium-molybdenum steel, test the bicarbonate precipitate for man- 
ganese. 

4. C/iromium-Tungstcn Slecfs.— (a) To 0.5 g. of the sample, add 50 ml. of HjSO^ 
(1 :9) and 3 ml. of H3PO^. Heat until all action ceases. Add 40 ml. of water .inci 
5 ml. of HNO3; boil until the carbides have dissolved, and complete die determi 
nation as desciibcd in Section I. 

(5) With chromium-tungsten steels, the arsenite solution is preferably standard- 
iied on a steel of similar type of known manganese content. Tungsten steels vvhti 
high carbon (0.8%) and high-diromium (4.0%) contents may not be completely 
decomposed by the Hj,S04-H3PO^ attack. In this case, dissolve the sample with 10 
ml oi a mixture of equal parts of HCl and HNO3 and 4 to 5 drops of HF. Wbtu 
action ceases, add 4 ml. of HCIO4 and evaporate just to dryness. Cool, add 5 ml. 
of H2SO4, and fume until HCIO^ is expelled. Cool, add 50 ml. of water and 5 ml. 
of H3PO4, dilute to 100 ml, and lieat until salts dissolve. If MiiOj appe.iis, dis- 
solve it wiili a few drops of H2SO3. Complete the determination as described in 
Section I. 

5. Cast iron and High-Silicon 5/ec/j.— Add 30 ml. of water and 30 ml of die 
mixed acids to the sample and dissolve as directed in Section 1 (a). Dilute to 75 
ml, filter through a rapid paper, wash with hot water, dilute to 125 ml, and com- 
plete the determination as described in Section 1. 

potentiometric unit. In the Larrabce appatatiis the electrodes consist of gold and 
platinum rods with small vanes at the bottom. In the Kelley apparatus platmum anu 
calomel electrodes are used; it is desirable to insert a salt bridge (Na2S04) solution 
tween the calomel electrode and the titrating solution in this apparatus. 
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THE PERIODATE (PHOTOMETRIC) METHOD (E30-60T) (FOR 
ALLOYS CONTAINING NOT MORE THAN 5% MANGANESE) 

Principle of Method.-Mangunoxis ions in the sample solution are oxidized to 
permanganate ions by treatment with periodate. 

Concenu-ation Range.-The recommended concentration range is from 0.2 to 
0.8 mg. of manganese in 50 ml. of solution, using a cell depth of 1 cm. (Note 1) 
and a spectrophotometer with a band width of 10 m^ or less. 

Note L— This procedure has been written for cells having a 1-cm. light path and a 
“narrow-band" instrument. The concentration range depends upon band width and 
spectral region used as well as cell depth; calibration data should cover the range of 20 
to at least 70% transmittance. 

Stability of Color— The color is stable for at least 24 hr. 

Interfering Elements— The elements ordinarily present in steel do not inter- 
fere. Percldoric acid ueatment, which is recommended in the procedure, yields 
solutions which are highly colored due to the presence of chromate ions. Although 
these ions and other colored ions in the sample solution undergo no further change 
in spectral quality upon treatment with periodate, the following precautions must 
be observed when filter photometers are used: select a filter with maximum trans- 
mittance between 545 and 565 m/t; the filter must transmit not more than 5% of 
its maximum at a wavelength shorter than 530 m/x; the bandwidth of the filter 
should be less than 30 m/x when measured at 50% of its maximum transmittance. 
Similar restrictions apply with respect to the wavelength region employed when 
other “wide-band” instruments are used. 

The spectral transmittance curve of permanganate ions exhibits two useful 
minima, one at approximately 526 m/i, and die other at 545 m/x (Note 2). The 
latter is recommended when a “narrow-band” spectrophotometer is used. 

Note 2i— Determine the exact location of the minimum for each spectrophotometer by 
obtaining spectral transmittance data in this spectral region and thus compensate for 
characteristics that are related to the instrument. 


Apparatus. Volumetric Flasks.-These should be of borosilicate glass, glass- 
stoppered, 50- and 100-ml. capacity. 

Reagents, (a) Standard Manganese Solution (1 ml. = 0.032 mg. Mn).— Dissolve 
0.4000 g. of high-purity manganese (containing not less than 99.7% Mn) in 20 ml. 
of HNO3 by heating, cool, and dilute to 500 ml. in a volumetric flask. Transfer 
20 ml. of this solution to a 500-ml. volumetric flask, dilute to the mark, and mix 

(b) Potassium Periodate Solution.-Dissolve 7.5 g. of RIO. in 200 ml. of hot 
HNO3 (1:1), add 400 ml. of H3PO,j, cool, and dilute to 1 liter. 


(c) Nrtric-Phosphoric Acid Mixture.-To 400 ml. of water, add 100 ml of HNO 

and 400 ml. of HgPO^, and dilute to 1 liter. ^ 

(d) Sodium Niu-ite Solution (20 g. per liter).-Dissolve 2 g. of NaNO in water 

and ddute to 100 ml. (Tins solution is sufficiently stable for use over a 94 hr 

penod.) -x-ui. 

Prepamtion of CMbmtio,, Curve, (a) Calibration Sol.,tiom.-By mean, of 
p.pet, transfer a iO, 15, 20, and 26 ml. of manganese solution (1 ml = 0 Os" mo 
Mn) to 50.ml. volumetric flasks, dilute to 25 ml., it necessary and add in 
lUO solution. (Prepare a duplicate or triplicate at eacrS o Ltaisef ’ 

(b) Reference Solutron.-Prepare a reference solution in ^ ■ 

flask by adding 10 ml. of HNO3-H3PO, mixture to 25 ml. of water. 
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(c) Color Development.— Heat the solutions at not Jess than 90'C. for 20 to 30 
min. Cool, dilute to volume, and mix. 

(d) Photometry.— Fill the two I-cm. cells with the reference solution and meas- 
ure tlie transmittance at 545 m/*; convert to absorbance, and record as tlie cell 
correction. Empty the test cell, rinse thoroughly with the test solution, and meas- 
ure the transmittance, or the absorbance, of eacJi test solution, 

(e) Calibration Curve.— Apply the cell correction to each absorbance value, and 
calculate die average absorbance value at each level ol manganese. Calculate the 
ratio of milligrams of m.ingancsc to absorbancy at each level of manganese. l( 
the ratios are constant within experimental error, calculate the average value of 
the ratios to find the factor to apply to convert absorbance to milligrams of man- 
ganese. If the ratios are not constant (Note 3), or if for other reasons it u de- 
sirable, plot the values obtained against milligrams of manganese per 50 ml. of 
solution. 

V Note 3.— The ratios may not be cunsiaiit when “widc-band” instruments arc used. Ex- 
treme deviation from linearity may indicate the need for additional values. These may 
be obtained by appropriate dihiiiuii of the standard manganese solution before taking ad- 
ditional aliquots. 

Procedure. 1. illniigrtuese Steels Conlnintng Less Than 0.5% rujigsten. (a) 
Sample Solution.— Transfer the sample (Note 4), not exceeding 0.80 g., to a 100-ml. 
volumetric flask (Note 5). Add 8 to 10 ml. of HCl (1:1) and heat until the sample 
is decomposed. Add 3 to 4 ml. of HNO3 and 10 ml. of HCIO^. Fume to oxidiic 
chromium and to expel HCl. Cool, add 50 ml. of water, and, if necessary, digest 
to dissolve the salts. Cool, dilute to volume, and mix. Allow insoluble matter to 
settle, or dry-filter before taking aliquots (Note 5). 

Note }.— The following sample size guide is based on the factor, ratio of milligrams of 
manganese to absorbance; 


Mn, per cent 

Sample, e. 
per 100 ml.* 

Aliquot, 

im. 

0.1 to 0.5 

0.7F 

20 

0.45iol.0 ' 

0,35F 

20 

0.85 to 2.0 ... ., 

0.17/? 

20 

2.0 to 5.0 

0.17F 

10 


• Round to two significant figures. 

Note 5.— If the sample contains mudi silicon, a deposit of silicic add will cUug to the 
walls of the flask. Hence, it may be desirable to dissolve the samples and fume tut 
HCIO 4 in an Erlennieyer flask, and then transfer the solution to the volumetnc Kas • 
However, the deposit of silicic acid can be removed easily by means of NH 4 OH. 

(b) Reference Solution.— Transfer identical aliquots (Note 6) to each of wo 
50-ml. volumetric flasks; prepare one as a reference solution by adding 10 m • 0 
HNOg-HgPO^ mixture. 

Note G —The following procedure may be used for the preparation of the 
solution in the analysis of steels that do not contain tungsten; after filling the ce . 
the test solution, add NaNOa solution dropwisc to the solution remaining in the 
flask, while mixing the solution thoroughly, until one drop in excess has been pio 
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g pSponT" unduly due ,o .he fact .ha. reoxida.iou of n.anganese occu.s on stand, ng.) 
(c) Test Solution.-To the other aliquot (Paragraph (b)) add 10 ml. of KIO^ 

*°(d) Photometry.— Proceed witli development of color and photometry m the 
same manner as for the preparation of the calibration cun^e. (If percentage trans- 
mittance is less than 20, rerun using a smaller sample.) 

(e) Calculation.-Apply the cell correction and calculate the percentage of man- 
ganese as follows (Note 7): 


Manganese, per cent = 




V.JV y 10 


where A = corrected absorbance, 

F = factor, ratio of milligrams of manganese to absorbance, 
Vi = dilution of sample solution in milliliters, 

Fo = aliquot of sample solution in milliliters, and 
W = grams of sample used. 


Note 7.— If a calibration curve is used, read the value for milligiams of manganese 
corresponding to the absorbance from tlie curve. Substitute this value for AF in the 
equation. 

2. Tungsten Steels, (a) Sample Solution.— Transfer the sample (Note 4), not ex- 
ceeding 0.80 g., to a 100-ml. volumetric flask (Note 5). .Add 8 to 10 ml. of PI.jPO.j, 
10 ml. of HCIO^, 5 to 6 ml. of HoSO^ (1:1), and 3 to 4 ml. of HNO.,. Heat mod- 
erately until the sample is decomposed, then heat to copious white fumes and con- 
tinue for 10 to 12 min. (Note 8), or until the chromium is oxidized. Cool, add 
50 ml. of water, and digest, if necessary, to dissolve the salts. Cool, dilute to 
volume, and mix. Allow insoluble matter to settle, or dry-fdter before taking ali- 
quots (Note 5). 

Note 8.— Excessive heating should be avoided because it will expel the HClO.i before 
complete oxidation of the chromium has been accomplished. 

(b) Proceed according to Section 1 (b), (c), (d), and (e). 


PHOSPHORUS 

THE MOLYBDATE-MAGNESIA METHOD 

Reagents, (a) Potassium Permanganate Solution (25 g. per liter). 

(b) Ammonium Molybdate Solution (Ammoniacal). -Transfer to an 800-ml 
beaker 65 g. of ammonium heptamolybdate ((NH.)AIo^Oo ^ 995 o- nf 
NH^NOg, 15 ml. of NH^OH, and 600 ml. of water. Stir ancl heat gently. When 
the crystals have dissolved, filter (without washing), and dilute to 1 liter with water 

(c) Magnesia Mixture.-Dissolve 130 g. of MgS0..7H.,0 and 75 o- of tNH \ sn' 
500 ml. of ,.a.e,. Add NH,OH in slight ex°cesA„d le. Tand o^emiih.^Fte; 

if a pi ecipitate. appears. Make just acid by adding a very slight excess^’of PI SO 
dilute to 1 liter, and keep in a glass-stooperedTott^e. “ ^ 

“ S- ot NH,N0, in 1 liter of 
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(e) Ferrous Sulfate Solution.— Dissolve 100 g. of FeS0^*7H,0 in 1 liter of 
H2SO4 (5:95). 

Procedure. 1. Carbon Sle€ls.~{a) Transfer 3 g. of the sample to a 300 ml 
Erlenmeyer flask, dissolve the sample in 125 ml. of HNO3 (1:3), oxidize the or- 
ganic matter by adding 10 ml. of KiMnO^ (25 g. per liter), and boil for 3 to 5 mm 
If no precipitate forms, add more KiMnO^ and boil again. Dissolve the precipi- 
tate by the addition of HmSO^ drop by drop, and boil for a few minutes to expel 
oxides of nitrogen. Cool to about 7 j"C., and arid 85 ml. of amnioniacal am- 
motiium molybdate solution. Stopper the flask, shake for 10 min., and allow to 
stand for 2 hr. or more. Filter through a close-texture paper. Wasli the flask, 
precipitate, and paper six to eight limes with cold HNO3 (2:98), 

(6) Set the filtrate and washings aside after thorougli mixing, and note whetlier 
further separation of pliosphomolybdatc occurs. Dissolve the precipitate on the 
filter and in the flask in a mixture of 20 nil. of NH4OH (1:1) and 2 g. of citric 
acid, catching the solution in a 250-ml. beaker. Wash the filter several times with 
NH4OH (1:20), then with hot water, and finally several times with HCl (1:20). 
If the ammoniacal solution of the pliosphomolybdatc is not clear at this point, 
heat it to boiling and filter through the same paper. Wash the paper -with hot 
water, ignite in a small platinum crucible, and fuse any residue with as little 
NajCO, as possible (not over 0.5 g.). Extract the cooled melt with liot water, 
cool, filter, and add the water solution to the ammoniacal solution. 

(c) Acidify the combincti solutions with HCI. add 20 ml. of magnesia mixture, 
cool in ice water, and then add NH4OH slowly until the solution is just ammoni' 
acal. Stir vigorously for 5 min. or until a crystalline precipitate appears,^^ and 
add 5 to 10 ml. of NH4OH. The \olumc of the solution at this point should not 
exceed 100 ml. Allow the solution to stand in a cool place for 4 to 6 hr. or, 
preferably, overniglit. Filter and wash the piccipitaic moderately with NH4OH 
( 1 : 20 ). 

(d) Dissolve the precipitate on the filter in 20 ml. of HCl (1:1). catching the 
solution In the original beaker. Wash the filter thoroughly with warm HCl (1:1). 
Add 0.5 to 1 g. of NH4Br and gently boil the solution to a volume of 5 to 10 ml. 
(but not to dryness) to ehmin.iie arsenic. Dilute to 50 to 75 ml., add 0.1 to 0.2 g. 
of citric acid .ind 2 to 3 ml. of magiicsi.i mixture, and cool in ice water. Make 
ammoniacal, stir as before, and allow 10 stand in a cool place for 4 to 24 hr. 

(c) Filter, and wash with NH4NO3 wash solution. Ignite the precipitate in .i 
platinum crucible, carefully and at as low a temperature as possible, until the 
carbon has been destroyed and the residue is white. Finally, ignite to constant 
weight at 1000 to lOaO'C. 

(/) Dissolve the ignited precipitate in 5 ml. of HNO3 (1:1) and 20 ml. of water. 
If no residue remains, the ignited precipitate may be regarded as ^ 

residue remains, filter, wash with hot water, ignite, and weigh. Add a few drops 
of HF and 1 to 2 drops of (HI). Evaporate to dryness, ignite at lOOO'C., 

and weigh again. TJie loss in weight represents tlie correction for impurities. 

30 If the phosphorus content is less than 005%. it is advantageous to tieat two or more 
3-g. samples as described, and combine the yellow precipitates either by filtering t ro g 
the same paper or by combining the predpitates after filtering on separate papers. 

31 If the amount of phosphorus is very small, it may take 30 min. to 1 hr. betor 
piecjpilate begins to appear. 

32\yith a precipitation tcmpeiaiuic of 2 j*C., aisciiic, when piesent in small amoun , 
is not piedpuaied and, iherefoie, the ticatinent with NH 4 Br can be omitted. 
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(g) Calculation.-Calculate the percentage of phosphorus as follows: 


Phosphoms, per cent — 


(A - B)X 0.278 


X 100 


where A = grams of Mg2P207 (Paragraph (e)), 

B = correction for impurities (Paragraph (/)), in grams, and 
C = grams of sample used. 


2. Nickel, Chromium-Nickel, Stainless, and Svnilar Alloy Steels Containing 
Neither Tungsten nor Vanadium.— (a) Determine phosphorus in accoidance with 
the procedure described in Section 1. 

(6) High-chromium steels (stainless), high-chromium, high-nickel steels (18% 
chromium, 8% nickel; 20^0 chromium, 20% nickel), and other steels in this group 
that do not dissolve in HNO.^ (1:3). shall be treated as follows: Transfer 3 g. of 
the sample to a 500-ml. Erlenmeyer flask, add 75 ml. of a mi.Kture of equal parts 
of HCl and HNO3, and heat gently. When decomposition is complete, add 20 ml. 
of HCIO4, and evaporate to white fumes. Continue the heating for 5 min. to oxi- 
dize cliromium and to dehydrate SiO^. Cool somewhat, add 40 ml. of water, and 
filter. Wash the flask, paper, and residue with 55 ml. of HNO3 (3:5). Add 10 
ml. of KMnO^ (25 g. per liter) to the filtrate, boil 3 to 5 min., add PHSO3 to de- 
stroy oxides of manganese and to reduce all of the chromium, and complete the 
determination as described in Section 1. 

3. Austenitic Manganese Steels {Over 10% iWflnganes(?).--Transfer 3 g. of the 
sample to a 300-ml. Erlenmeyer flask, add 70 ml. of HNO3 (1:3), and digest until 
action ceases. Add 30 ml. of HC10.j and evaporate just to fumes. Add HE drop 
by drop until all of the SiOg is in solution, and then add an excess of 5 drops. 
Fume so drat the HCIO4 refluxes on the sides of the flask for 25 to 30 min. Cool, 
and add 50 ml. of water and 10 ml. of HNO3. Add a few drops of KMnO^ (25 g. 
per liter), and boil until oxides of manganese are precipitated. Dissolve the pre- 
cipitated manganese with H2SO3, and boil a few minutes to expel oxides of nitro- 
gen. Cool to about 75°C., precipitate widi ammonium molybdate, and complete 
the determination as described in Section 1. 

4. Chromium-Vanadium Steels or Other Steels Containing Vanadium but No 

Tungsten.-{a) Proceed as described in Section 1 (a) until the solution is ready for 
the addition of the molybdate reagent. At this point, cool to 10°C. and add 5 ml 
of FeSO^ solution and 2 to 3 drops of H0SO3. Mix, add 85 ml. of ammonium 
molybdate solution, shake for 10 min., and allow to stand for 4 hr. or, preferably 
overnight. ’ ^ ‘ 


(b) Filter and complete the determination as described in Section 1 
5. High-speed Steels or Other Steels Containing Tungsten and Vanadiwn -fa^ 
Decompose 3 g. of the sample in 125 ml. of HNO3 (1:3), add 30 ml of HCl ' -nu 
evaporate to dryness. Dissolve the residue with 20 ml. of HCl (l-D dilufe 
ml. with hot water, and filter off the tungstic acid.^s ^ 


33 This precipitate may contain a small amount of phosphorus anH • 

work, shall be treated as follows: Transfer the bulk of tim preciointe Vn 
flask with a jet of water, and then treat the paper with 25 nil oMiot NH 
laining 0.5 g. of citric acid. Catch the filtrate in the Tsk contain up I,? " ^ 
precipitate. -Wash the paper with hot water then a few ^ of die 

holding the volume of Ihe filtrate and washings to about TZ ^°i 
soUmo.. „,.h HCl, add 25 ml. „( ,„ix,?ue. and add abom' 10 S of ShI'oV b' 
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(b) Evaporate the filtrate uvicc witlr 20-ml. portions of HNO3 to expel the HC] 
taking the second evaporation just to a sirup. Add 65 ml. of HNO3 (1:3). and 
filter dre solution if it is not entirely clear. Cool to IQ^C. Add 5 ml. of FeSO 
solution and 2 to 3 drops of HgSOj. Mix, add 85 ml. of ammonium molybdate 
solution, shake for 10 min., and allow to stand for 4 hr. or, preferably, overnight 

(c) Filter and complete the determination as described in Section 1. 

6. Cast Iron and High-SUicott Steels.~(a) Dissolve 2 to 3 g. of the sample in a 
covered casserole in 30 ml. of HNO3 (1:1). When solution is complete, add 10 
ml. of HCI (1:1). evaporate to dryness, and bake for 15 to 20 min. on the hot plate. 

(b) Cool, drench the residue with HCI, dilute to 50 ml. widi hot water, and 
warm until the salts are in solution. Filter without delay, wash with HCI (1:20), 
and evaporate the filtrate to sirupy consistency. 

(c) In the meantime, place the paper containing the graphite and silica in a 
platinum crucible, burn the carbon in a good oxidizing atmosphere, cool, and add 
5 to 10 drops of HCI and 1 to 2 ml, of HF. Evaporate just to dryness, take up 
any residue in 5 ml. of HCI, and add the solution to the main solution which 
is being evaporated. 

(d) When the solution is of sirupy consistency, transfer it to a 300-ml. Erlen- 
meyer flask by alternate washing with HNO3 (1:1) attd hot water, using about 
40 ml. of HNOj (1:1) and 70 ml. of hot water. Adjust the temperature of the 
solution to about 70‘C., and add 100 ml. of ammonium molybdate solution. Sliake 
for 10 min. and allow to stand for 4 to 6 hr. or, preferably, overnight. 

(e) Filter and complete the determination as described in Section 1. 

7. Open-Hearth Iron and Wrought /ron.— Determine pliosphorus in accordance 
with the procedure described in Section 1. 

THE ALKALIMETRIC METHOD 

Reagents, (a) Potassium Permanganate Solution (25 g. ]>cr liter). 

(b) Ammonium Molybdate Solution (Ammoniacal). 

(c) Standard Sodium Hydroxide Solution (1 ml. = 0.0002 g. P, approximately 
0.15 iV).— Standardize .igamst the National Bureau of Standards’ standard sample 
of acid potassium phtViaiaic. using the ratio 23 NaOH lo \ pbospbotus. One 
milliliter of I N NaOH is equivalent to 0.00135 g. of phosphorus. Protect the 
NaOH solution from CO., by means of a soda-lime or soda-asbestos tube. 

(d) Standard Nitric Acid.— Dilute 10 ml. of clear HNO3 to 1 liter witli water 
and standardize against die standard NaOH solution, using plienolphtlialein as 
the indicator. If desired, die HNO3 may be rendeied equivalent to die NaOH 
solution by dilution with water. 

(e) Phenolphthalein Indicator.— Dissolve 0.2 g. of plienolphthalein in 100 ml. of 
ethanol (50%). 


excess. Add a few glass beads, cool the solution in ice water, stopper the flask, and shake 
thoroughly for 1 hr. Allow to stand memight at about 0®C. Filter, and wash a few times 
with NH 4 OH (1:20). Dissohe the piecipitate in a little hot HNO 3 (1:3) and add i 0 
the original solution in which phosphorus is u> be delcnnmed, or determine the pno • 
phorus separately by precipitating it with ammonium molybdate solution and ° 

with standard NaOH and HNO 3 (Section 1 under Alkalimetric Method below), inis 
covery usually amounts to less than 0 . 001 % and need not be made in routine 
34 If the piecentage of titanium or zirconium is high, this residue should be 
NaoCOs, extracted with hot water, cooled, filtered, and the water extract added 
main solution. 
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(f) Ferrous Sulfate Solution.-Dissolve 100 g. of FeSO.-yH^O in 1 liter of H^SO^ 

^""prl'cediire. 1. Carbon Steels.-ia) Transfer 2 g. of the sample to a 300-ml. Erlen- 
meyer flask. Dissolve the sample in 65 ml. of HNO3 (1:3), and oxidize organic 
matter by adding 10 ml. of KMnO^ (25 g. per liter) and boiling for 2 to 3 min. If 
no precipitate forms, add more KMn04 and boil again. 

(b) Dissolve the precipitate by adding HoSOg drop by drop, and boil for a few 
minutes to expel oxides of nitrogen. Adjust the volume to 60 ml. and the tem- 
perature to 45°C., and add 50 ml. of ammonium molybdate solution. Stopper the 
flask, shake for 10 min., and allow the precipitate to settle for 20 min. at room 
temperature. Filter through a 9-cm. close-texture paper. Wash the flask, precipi- 
tate, and paper twice with 5-ml. portions of HNO3 (2:98) and then five times with 
5-ml. portions of KNO3 (10 g. per liter). Finally, wash the paper about ten times 
(until free of acid), directing die jet of KNO3 solution around the edge of the 
paper and then spirally down. 

(c) Return the paper and precipitate to the flask, add 25 ml. of water and a 
2- to 5-ml. excess of NaOH (1 ml. 0.0002 g. P), both free of COo, and shake or stir 
until die precipitate is dissolved. Dilute to about 150 ml. with water free of CO^, 
add 3 drops of phenolphthaleiii indicator, and titrate with the standard FINOy to 
the disappearance of the pink color. 

(d) Blank.— Make a blank determination, following the same procedure and 
using the same amounts of all reagents. 

(e) Calculation.— Calculate the percentage of phospliorus as follows: 


Phosphorus, per cent = 


[{A - BC) - {D- EC)]F 


X 100 


where A = milliliters of NaOH solution required by the sample (Paragraph (c)), 

B = milliliters of HNO3, required by the sample (Paragraph (c)), 

C = milliliters of NaOH solution equivalent to 1 ml. of the HNO3, 

D = milliliters of NaOH solution required by the blank (Paragraph {d)), 

E = milliliters of HNO3 required by the blank (Paragraph («/)), 

F = phosphorus equivalent of the NaOH solution, in grams per milliliter, and 
G = grams of sample used. 


2. Nickel, Chromium-Nickel, Stainless, and Similar Alloy Steels Contauiiwr 
Neither Tungsten nor Vanadium.-{a) Determine phosphorus in accordance with 
the procedure described in Section 1. 

(5) With high-chromium nickel steels or other steels insoluble in HNO. n-3) 
treat 2 g. of the sample with 50 ml. of a mixture of equal parts HNO., and FICl’ 
add 4 to 5 chops of HF, heat until action ceases, and theti add 15 ml of FICIO 
Evaporate to copious white fumes, fume 5 to 10 min., filter, and wash as described 
m Section 2 (b) of the Molybdate-Magnesia Method. Complete the determination 
as described in Section 1. With steels of appreciable titanium or zirconium* con 
tents (over 0.25%) the alkalimetric method tends to give low values 

cease,. Add 15 ml. of HCIO, and e 

by drop until all of the hydrated silica is dissolved and *er add P 

drops. Heat so that HCIO, reHnaes on U.e sides'oi '“S H 
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Cool and add 50 ml. of water and 10 ml. of HNOg. Add a few drops of KMnO 
(25 g. per liter) and boil until oxides of maiigatiese are precipitated. Dissolve the 
precipitated manganese with and boil for a few minutes to expel oxides o{ 

nitrogen. 

(5) Transfer the solution to a 300-ml. Erleiimeyer flask, adjust Uie volume to 
CO ml. and tlie temperature to 45 *C .,26 and complete tlic determination as di- 
rected in Section 1 (6) to (e). 

4. Cliromiujn-Vanndhtm Steels or Other Steels Containing f'mitidium but No 
Tnngs/en.— Proceed in accotdancc witit Section 1 until the solution is ready for 
the addition of ammonium molybdate. At ibis point, cool to 10*C. and add 5 ml. 
of FeSO^ solution and 2 to 3 drops of HjSO.,. Mix, and then add 50 ml. of am- 
monium molybdate solution. Shake for 10 min., allow to settle 1 hr., filter, and 
complete the determination as described in Section 1. 

5. High-Speed Steels or Other Steels Containing Tungsten and Vanadium.-Dh- 
solve 2 g. of the sample and prepare the solution for the precipitation of the am- 
monium pliosphomolybdatc as described In Section 5 of die Afolybdate-Magnesla 
Method. Precipitate tlie phosphorus in a cool (10®C.), reduced solution and 
complete the determination in accordance with Section 4. 

6. Cast Iron and High-SHtcon Steels-— (a) Dissolve 0,5 to 2 g. of tlic sample in 
65 ml. of HNO 3 (1:3). Filter through a loose-texture paper and catch the filtrate 
in a 300-mI. Erlcnmeycr flask. Wash the paper a few times with HNO 3 (2:98) 
and then with about 50 ml. of hot water. 

(5) Add 10 ml. of KMnO^ (25 g. per liter) to the filtrate and boil for 3 to 5 min. 
Dissolve the precipitated oxides by the addition of H 2 SO 3 drop by drop, and boil 
for a few minutes to expel oxides of nitrogen. Cool to 45*C., add 50 ml. of am- 
monium molybdate solutioti, and complete the determination as described in 
Section 1. 

7. Open-Hearth /ron.— Determine phosphorus as directed in Section 1, dissolv- 
ing 3 g. of sample in 85 ml. of HNO 3 (1:3). 

8. Wrought /ron.— Determine phosphorus in accordance with the procedure de- 
scribed in Section I, but use 1 g. of the sample. In wrought iron, phospliorus will 
be present as phosphide and as phosphate (in slag inclusions). If a differentiation 
between the two forms is desired, detcriiiinc total phosphorus in one sample: de- 
termine the phosphate that is left after phosphine has been driven off (by attack 
with a nonoxidizing acid such as HCI) from another sample. The phosphorus 
occurring as phosphide is then obtained by difference. The accuracy of die results 
obtained by this phosphate-phosphide nietliod is somewhat doubtful, but the 
method is apparently the only one available. 

THE MOLYBDENUM BLUE (PHOTOMETRIC) METHOD 
(E30-60T) 

Scope and Application.— T \\k method is recommended for cast iron, plain car- 
bon, and alloy steels containing 0.002 to 0.30% phosphorus. The method is not 
recommended for tungsten steels. 

Summary of Method.— (a) Phosphorus reacts with ammonium molybdate to form 
a phosphomolybdenum complex. The latter is reduced by hydrazine sulfate to 

35 If the solution at this jxjint contains silica, filter, wash with water, boil until the 
volume of the filtrate is approximately 60 ml., and again cool to 45*C. 
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form the molybdenum blue complex which is suitable for photometric measure- 

(b) After dissolution of the sample in aqua regia, the solution is fumccl with 
perchloric acid. The insoluble silica is removed and an aliquot is treated with 
sodium sulfite and ammonium molybdate-hydrazine sulfate solution to develop 
a colored complex. The phosphate forms the heteropolypho-sphomolybdate which 
is reduced by the hydrazine sulfate to form the strongly colored “molybdenum 
blue” complex of uncertain composition. Photometric measurement is made at 
approximately 700 mfi or 830 m^n depending on the concentration. 

Co 7 ic€ 7 itrotio 7 i Ra 7 ige, — Ihe recommended concentiatioii ranges, in milligiams 
per 100 ml., are 0.002 to 0.05 (for measurement at 830 m^i) and 0.05 to 0.3 (for 
measurement at 700 m/i) (Note 9). 

Note 9.— This procedure has been written for a cell having a 1.0-cni. light path. Cells 
having other dimensions may be used, provided suitable iidjustments can be made in the 
amount of sample and reagents used. 

Stability of Color.— The heteropoly molybdenum blue color is stable for at least 
2 hr. after development of color. 

1 7ite7fere7ices.— None of the elements usually present in cast iron or steel alloys 
interfere except arsenic, which must be removed. Tungsten also causes interfer- 


ence. 

Apparatus, (a) Glassware.— Freedom of the glassware from phosphorus is of 
primary importance. Since many of the detergents commonly used contain phos- 
phorus, the use of such detergents should be avoided on the glassware used in the 
following operations. Boiling with hydrochloric acid, followed by rinsing with 
water, is one of the best means of cleansing glassware that has become contam- 
inated with phosphorus. As a further safeguard, it is recommended that the glass- 
w'are used for this determination be reserved for this use only. 

(b) Photometers and Photometric Practice.— Photometers and photometric prac- 
tice prescribed in these methods shall conform to the Recommended Practice for 
Photometric Methods for Chemical Analysis of Metals (ASTM Designation: E60). 
A filter-type photometer will provide satisfactory accuracy for most analyses. FIow- 
ever, a spectrophotometer may be used if desired. 

Reagents, (a) Ammonium Molybdate Solution (20 g. per liter).— Add 300 ml. 
of HoSOj to 500 ml. of water and cool. Add 20 g. of ammonium heptamolybdate 
((NH4)gMo-0.^4*4HoO) and dilute to 1 liter. 


(b) Ammonium Molybdate-Hydrazine Sulfate Solution.-Dilute 250 ml. of the 

ammonium molybdate solution to 600 ml., add 100 ml. of the (NHo).,-H.>SO solu- 
tion, and dilute to 1 liter. Prepare immediately before use. " ” ” ^ 

(c) Aqua Regia.-Mix 1 volume of HNO. with 3 volumes of HCl. 

(d) Hydrazine Sulfate Solution (1.5 g. per liter).-Dissolve 1.5 g. of hydrazine 

sulfate ((NH,,)o-H.SO,) in water and dilute to 1 liter. yuiazine 


(e) Phosphorus, Standard Solution (1 ml. = 0.05 mg. P) .-Dissolve 0 9999 of 
sodium monohydrogen phosphate (Na.HPO,) in about 200 ml. of wimr^ 

100 ml. of HCIO^ (1:5) and dilute to 1 liter in a volumetric flask 

(f) Phosphorus, Standard Solution (1 ml. = 0.5 mg. P).-Dissolve 9 90 in „ r 

Na,HPO, in about 200 ml. of water. Add 100 ml. of HCIO^ (1:5) and dilute to 
1 liter in a volumetric flask. ^ tuiute to 
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(g) Sodium Sul0te Solution <100 g. per liter).— Dissolve 100 g. of sodium sulfite 
(Na2S03) in water and dilute to 1 liter. Prepare as needed. 

Preparation of Calibration Curve. (I) Iron and Steel Containing 0.002 to 
0.05% Phosphorus.— (a) Transfer 1.000 g. of low-phosphorus steel (less than 0.005% 
P) to each of seven 100-ml. beakers. Add slowly, in small portions, 15 ml. of aqua 
regia. When the violent reaction has ceased, add 10 ml. of HCIO.. 

(6) Carry one sample tlirough as a blank, and to the other add 1.0, 2.0, 4.0, 6,0, 

8.0, and 10.0-ml. aliquots of phosphorus solution (1 ml, = 0.05 mg. P). 

(c) Evaporate the covered solutions, including the blank, to copious white fumes, 
fume for 15 min. and cool (Note 10). 

Note 10— The solution should completely solidify on cooling. If it docs not, fume for 
another 5 min. or as long as may be nt-ccssary. 

(d) After cooling, add 50 ml. of hot water to dissolve the soluble salts. Filter 
into a 100-ml. volumetric fiask and wash the insoluble matter with hot water until 
about 00 ml. has been collected in the flask. Cool to 20*C., dilute to the mark, 
and mix. 

(e) Transfer a 10-mI. aliquot (Note 11) to a 100-ml. volumetric flask, add 1 ml. 
of HCIO4 and 15 ml. of Na^SOj solution, boil gently for SO see., and immediately 
add 50 ml. of freshly prepared ammonium molybdate-hydrazine sulfate solution. 

Note 11.— A lO-ml. aliquot represents, for example, 0.02 mg. of phosphorus in a sample 
containing 0.02% phosphorus. 

(/) Heat on a steam badi at 85 to 00*C. for 20 min., and then quickly cool to 
20®C. Dilute to the mark and mix. 

(g) Photometry.— Transfer a portion of the reference (blank) solution to an ab- 
sorption cell and adjust the photometer to the initial setting, usiitg a light band 
centered at approximately 830 ium. WliiIc maintainittg this pliotomeiric adjust* 
meat, take the photometric readings of the calibration solutions. 

(h) Calibration Curve.— Plot titc photometric readings of the calibration solu- 
tions against milligrams of phosphorus per 100 ml. of solution. 

(2) Iron and Steel Containing 0M5 to 0.50% Phosphortts.—(a) Proceed in ac- 
cordance vvitli Section (1) above. 

(6) Carry one sample through as a blank, and to tlie others add 1.0, 2.0, 3.0, 4.0, 

5.0, and 6.0-ml, aliquots of die standard phosphorus solution (1 ml. » 0.5 mg. P). 

(c) Proceed in accordance with Section (1) (c) to (/). 

(d) Photometry.— Transfer a portion of the reference (blank) solution to an ab- 
sorption cell and adjust die photometer to the initial setting, using a light band 
centered at approximately 700 m^. While maintaining this photometric adjust- 
ment, lake the photometric readings of the calibration solutions. 

(e) Calibration Curve.— Plot the photometric readings of die calibration solu- 
tions against milligrams of pliosphorus per 100 ml. of solution. 

Procedure,— (a) Transfer 1.000 g. of the sample to a lOO-ml. beaker. 

(6) Carry through a blank on the reagents. 

(c) Proceed in accordance with Section (1) (a) and (c) (Note 12). 

Note 12.— For high-chroraium steels, fuming will be sufBcient when red chromic add, 
condensed on the walls, reaches the top of the beaker. 

(d) If arsenic is present, add 20 mL of hydrobroraic acid (HBr) (1:4). 1 
HCIO4, and evaporate again to copious white fumes to volatilize the arsenic. 
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(e) Proceed in accordance with Section (1) (d) to (/). 

(£) Photometiy.-Transfer a portion of the reference solution (reagent blank) to 
an absorption cell and adjust the photometer to the initial setting, using a light 
band centered at approximately 700 If the transmission reading of the sam- 

ple solution is 80% or greater at the 700 nxft setting, use a light band centered at 
approximately 830 mfi (Note 13). 

Note 13.— For steel containing 10% or more of chromium, the photometric measurement 
shall be made at 830 ni/t. 

Calcidatio7i.— Convert the photometric reading of the sample solution to milli- 
grams of phosphorus by means of the appropriate calibration curve. Calculate the 
percentage of phosphorus as follows: 

A 

Phosphorus, per cent = _ w ~ ir> 

ij X lU 

where A = milligrams of phosphorus found in the aliquot used, and 
_S = grams of sample represented in the aliquot used. 


SULFUR 


THE GRAVIMETRIC METHOD 


Reagents, (a) Zinc (20- to 30-mesh, low-sulfur). 

(b) Barium Chloride Solution (100 g. per liter). 

(c) Copper- Potassium Cliloride Solution.— Dissolve 300 g. of CuCL • 2KC1 • ZHoO 
in a mixture of 1 liter of water and 75 ml. of HCl. 

(d) Cinchonine Solution.— Dissolve 125 g. of cinchonine in 1 liter of PICl (1:1). 
If the cinchonine contains excessive quantities of sulfates, wash the crystals on a 
Buchner funnel with water until the washings no longer give a precipitate with 
BaClo, before dissolving in the acid. 

(e) Cinchonine Wash Solution.— Dilute 30 ml. of cinchonine solution to 1 liter 
with water. 

Procedure. 1. Carbon Steels.— {a) Dissolve 5 g. of the sample in 75 ml. of HNO.j 
in a covered beaker or flask. In case solution is slow or difficult, PICl may be added 
drop by drop at intervals. With steels drat dissolve too rapidly, it is necessary to 
place the cooled acid in a covered beaker and add the sample in small portions 
When solution is complete, add 0.5 g. of NaXOg and carefully evaporate 3 ^ to 
about 10 ml. in a low-sulfur atmosphere. Cool, add 30 ml. of HCl, and evaporate 
just to dryness. Add 30 ml. more of HCl, and evaporate to sirupy consistency. * 

(5) Add 10 ml. of HCl, 25 ml. of water, and 5 g. of 20- to 30-mesh, low-Llfur 
zinc. Warm on a steam bath until the iron is reduced to die ferrous state and the 
evolution of hydrogen has nearly ceased. Filter through a close-texture paper and 
wash with 75 ml. of HCl (1:99). ^ ^ 

(c) Warm the filtrate to 60 to 70X. and add 20 ml. of BaCl. (100 g. per liter) 


sulfuT.^^ addition of 2 to 5 ml. of bromine is claimed to effect more comple 

37 The use of a coarse screen of %-in. wire trinnwlps u 

plate permits more rapid evaporation without ’the da^nger of spauering." 


recovery of 
on the hot 
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dropwise with constant stirring.^# Let suiid for 2 hr. on a steam bath and then 
overnight at room temperature. Filter on a 9-cm. close-texture paper and diseaid 
the filtrate. Wash once or twice with cold HCl (1:500) and tlicn with hot watu 
until free of chlorides. Reserve the predpitate. 

(d) Add 2 ml. of BaCL (100 g. per liter) to the washings and evaporate just to 
dryness. To the residue add 2 ml. of HCl (I.'l) and 25 ml. of warm water, and 
digest at 60 to 70*0. for several hours. Filter on a small tiose-texture paper and 
wash with hot water until free of chlorides.*® 

(e) Ignite both papers (Pamgraphs (c) and (d)) in a weighed platinum crucible. 
Add I drop of H^SO^ (1:1) and 1 ml. of HF. Evaporate to dryness, ignite, and 
weigh as BaSO^. 

(C) Blank.— Make a blank determination, following the same procedure and using 
the same amounts of all reagents. 

(g) Calculation.— Calculate the percentage of sulfur as follows: 


Sulfur, per cent = 


(A ~ B)X 0.1374 
C 


X 100 


where A = grams of BaSO^, 

B = correction for blank, in grams, and 
C = grams of sample used. 


2. Alloy Steels.^(a) For steels that can be dissolved in HNO 3 or in HNO 3 plus 
small portions 0 ! HCl, determine siiUui in accordance with iIjc procedure describtd 
in Section 1. Dissolve high-chromium-nickcl steels in a -lOO-ml. tall form beaker 
in 125 ml. of a mixtuie of equal pans of HNO 3 and HCl, First, mix the ackis 
thoroughly in another container. When the nnxture is thoroughly red, add it to 
the beaker coitcaiuiitg tltc s.implc. U the reaction proceeds too rapidly, the beaker 
and contents sliould be chilled by placing them in ice water. Complete the deter* 
mination as described in Section I. 

(b) Meineke Method.— AUernaiivcly, tire Meinckc nteihod (solution in acid 
copper-potassium chloride) may be used for the chromium-nickel alloys. Dissohe 
5 g. of the sample in 250 ml. of copper-potassium chloride solution at room tem- 
perature and with slow mech.iiiical stirring.*® Filter through a Gooch crucible 
having a removable botiom, and wash two or three times with HCl (2‘.9?>)- 
the residue and asbestos pad to the beaker and add 20 ml. of HNO 3 . Heat and 
add RCIO 3 until all carbonaceous matter is destro)ed. Graphite may be ignored. 
Evaporate the solution to dryness, add 10 ml. of HCl, and again evaporate to dry- 
ness. Take up in 10 ml. of HCl (1:9) and 20 ml. of water, filter tlirough paper, 
and wash with 50 ml, of hot water. Heat the filtrate to boiling and add 5 ml. of 
BaCU (100 g. per liter) dropwise witJi constant stirring. Let stand for 2 hr. on a 
steam bath and tlieu overnight at room temperature. Filter and complete the 
determination as described in Section 1 (c) to (g). 

S. Tungsten Steels.— {(t) Transfer 5 g. of the sample to a GOO-ml. beaker or Erien- 
meyer Rask and add 75 ml. of HNO 3 . If reaction is slow, heat gently; if it is vigor- 

ssThe solution should picferabl) contain not more than 2% by volume of 
time of the precipitation with BaCI,. Oidiiiarily. there will be no hydrolysis of 
iiig the filtration and washing of the undissoivcd zinc or the precipitation vvUn a 2 - 
Should this occur, the solution must be cleared by the addition of HCl. having ou 
gard to the final peiniissiblc acidity. 

39 This recovery of BaSO^i otdinacily repccseivts from 0 001 to 0 003% of sulfur. 

*0 Selenium is also obtained with sulfur in the lesiduc; hence, with selenium s . 
all operations should be conducted under a g«x>d hood. 



STEEL AND IRON 


677 


Stirrhi or rubbing these coated granules speeds up the decomposition. W hen 
reaction is complete, digest until the residue is pure yellow and contains no dark 
acSing fresh portions of acid if necessary. Evaporate to sirupy^ consi - 
Tnol add 30 ml of HCl. and again evaporate to sirupy consistenc). Add 
Too ml. of tot water and boil until soluble salts are in solution. 
die residue with HCl (1:10). catching the filtrate and washings in a 600-ml. c. 

'7^ Evaporate to dryness, add 30 ml. of HCl. and again evaporate to dryness. 
Cool, add 60 ml. of HCl (1:1), warm until salts are in solution, and add jO ml. 
of boiling water. Add 10 ml. of cinchonine 
solution and let stand overnight. Filter 
and wash with cinchonine wash solution. 

(c) Evaporate the filtrate and washings 
until a slight film begins to form and com- 
plete the determination as described in Sec- 
tion 1 (b) to (g). In this determination, the 
correction for a blank determination is 
particularly important. As the cinchonine 
solution may contain sulfur, this solution 
should be measured so that exactly the same 
amount is used in the blank as in the de- 
termination. 

4. Open-Hearth Iron, Cast Iron, Wrought 
Iron, and High-Silicon SteeZs.-Determine 
sulfur in accordance with the procedure de- 
scribed in Section 1. 



Fig. 24-6. Apparatus for Determination 
of Sulfur by Evolution Method. 


THE EVOLUTION METHOD 

Apparatus.— The apparatus shown in Fig. 

24-6 may be used for determining sulfur by 
the evolution method in testing materials 
that are soluble in HCl (1:1). It should 
consist of a 300-ml. Florence flask fitted 
with a “sulfur-free” two-hole rubber stopper 
carrying a thistle tube and a second glass 
tube dipping into a beaker containing ammoniacal ZnSO^ or CdCL solution. 

The apparatus shown in Fig. 24-7 is recommended for the analysis of materials 
when concentrated acid is used for solution and maintenance of the acid’s strength 
by means of condensation is desirable.^i In this apparatus liydrogen supplied from 
a Kipp generator or a cylinder of hydrogen is freed from H.,S by passage through 
KMnO^ (25 g. per liter) contained in a Drechsel bottle" B of about 125-ml. 
capacity, and NaOH (300 g. per liter) held in another Drechsel bottle C of the 
same size. The tube G dips just beneath the surface of 25 ml. of cold water held in 
tire 125-ml. Erlenmeyer flask H. The water serves to collect the HCl that distils 

41 It is advisable to use an all-glass apparatus because the length of time (30 mini re- 
quired for the solution of the material gives opportunity for fumei of HCl to attack mbber 

stoppers and rubber hose connections, which usually contain sulfur, and thus cause er 
roneous results. ^ luus cause ei- 
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is admitted through die ghsT'^sio|)cS"£"to'"t/ 'mn Hydrogen 

The decomoositioii n id ’ ? • , 500-mI, decomposition flask I), 

stopcock £, a funnel '/ md •> siiall be provided witit a groundglass 

moniacal solution of CdCI„ or 2nSo'**slial'l be T'! ! ■"’*? 

If the CdCi, solution is nsM , 1 ,. i ^ ='^s°rptit>'> flask 7 

sunlight. ■ ’ ' ' absorption should not be carried out in diitct 

JH^oruiter oA"’ater''‘,“i'f S“'“'‘»n-DissoIve 200 g. of ZnSOp 

(b) Surch Solu io^i lTo 1 ^et stand 24 hr. and filte^. 

Of soluble (or arrowroot Wwrch m?' of ^ water, adtl a cold suspension of 5 g. 

of 5 ff. of NaOH in ml f ^ w.rtcr. Cool, and add a cool solution 

(c) Standard plf^- r of KI and mix thoroughly, 

theoretical sulfur equivaknt^oril Af).-For general work, use the 

of material die solufim, j * solution. For specialized work on one kind 
portions of the oronpr f standardized against like material by carrying 5 g. 

(see Sections 1 to 4)^ * through all steps of die corresponding procedure 

Florence flask Transfer 5 g. of die sample to a dry, 300 ml. 

of ammonlrcal ZnSO Tlw- ^ 24-6). Place 15 ml. 

HCI (1 ; 1) to the flask^hr beaker. Add 80 ml. of 

until the solution of the'irm* *"*'*1*^ contents gently 

(b) Disconnerf tl^ ^ i- * ’*^*^^ ® rapid, steady evolution of gas.<2 

beaker. Add 2 ml of sf *he solution, and remove the 

diately with 0 03 N KJn , 40 ml. of HCI (1:1), and titrate imme- 

; • a iv KlOg to a permanent blue color. 

are kept constant. when the csoludon of gas is rapid and the conditions 

condition can be avoided hv pecur if the absorbing solution becomes too hot. This 
y eeping the absorbing solution in a water bath. 
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(c) Calculation.-Calculate the percentage of sulfur as follows: 

AB X 0.016 

Sulfur, per cent = ^ X 100 

where A = milliliters of KIO3 solution required for titration of the sample, 

B = normality of the KIO3 solution, and 
C = grams of sample used. 

(d) With most carbon steels, the results for sulfur that are obtained by the evolu- 
tion method and the use of the theoretical sulfur equivalent agree with the gravi- 
metric results within plus or minus 0.002%. Some steels dissolve too slowly and 
some (for example, certain steels containing high sulfur or high carbon) do not 
yield all their sulfur. In such cases the samples must be annealed as follows: 
Place 5 g. of the sample in a 20-ml. porcelain crucible. Cover with a M-in. layer 
of powdered or flake graphite, cover the crucible, and heat at 685°C. for 20 min. 
Transfer the cooled annealed steel and graphite to the evolution flask and proceed 
in accordance with Paragraphs (fl) to (c). 

2. Alloy and High-Silicon Steels.-Mnny alloy steels yield all their sulfur when 
analyzed by the same procedure as is used for carbon steels, but some yield only a 
part. Hydrochloric acid (2:1) or concentrated HCl will give slightly more evolved 
sulfur, with some alloy steels, than does HCl (1:1). For example, some molyb- 
denum steels yield most of their sulfur with concentrated FICl. For high-silicon 
steels, concentrated HCl plus a small amount of HF (0.5 ml.) has been recom- 
mended. The evolution method, however, can be used only if experiment has 
shown that all sulfur is evolved as H^S in the particular type of steel under analysis. 
The evolution method is not satisfactory for the determination of sulfur in sele- 
nium steels. When concentrated HCl is used, suitable condensing arrangements 
must be provided (see Fig, 2-1-7). 

5. Cast Iron.— (a) Most cast irons do not give up all their sulfur as FL,S. The 
amount that is given off can often be increased by annealing the sample, although 
with many irons annealing yields no increase in the amount of evolved sulfur. 
Annealing is done as described in Paragraph (d) above. 

(5) With high-silicon cast irons, use hot (70°C.) HCl (1:1), heat rapidly to boilino-, 
and then simmer. If the solution froths badly, add about 0.5 ml. of HF. 

(c) Concentrated HCl has been recommended for certain alloy cast irons, in 
which case suitable condensing arrangements must be provided. Even then care 
must be taken to avoid excessive neutralization of the alkaline absorbent. 

4. Open-Hearth Iron and Wrought /ron.-Determine sulfur in accordance with 
the procedure described in Section 1. 


THE DIRECT COMBUSTION-IODATE METHOD ^3 (E30-60T) 
(FOR STAINLESS STEELS) 

Apparatus.-The apparatus shall be suitable for the direct combustion of the 
metal in oxygen, the SO. obtained being absorbed in starch-iodide solution and 


« The combustion method for the determination of sulfur is esneciallv r 

stainless steels that do not react satisfactorily in the evolution me^hnri L .^1 ^ 
Sections 1 to 4. In this method, a minimum furnace temperature of 14vt5°r i 
It has been found that at this temperature most stainless steels will t;^i f ’ P^'^^cribed. 

93% of their sulfur content as SO.. One empirical fLtor or hJ^ 

.he,rfo„. employed instead ot a series of factors varying with the tempeSe of Smbu'l.’ 
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titrated with standard KiOg solution. A typical arrangement is shown in Fig. 218. 

(a) Combustion Furnace.— Any electric tube-furnace capable of coniiiiuous 
operation at H25‘'G., and intermittently up to I525*C., is suitable. The combus- 
tion zone shall be approximately 8 to 10 in. in length. Furnaces utilizing rodshape 
silicon carbide heating elements arc satisfactory. 

(b) Temperature Control.— To insuTc maximum reproducibility of results, h « 
necessary that reasottably close regulation of the furnace temperature be emplojed. 
This is best accomplished by mc.'ins of an automatic controller, although oilier 
suitable means may be used. 

(c) Combustion Tube.— Tlie tube shall be of a refractory type that will withstand 
a temperature of 1400* to ISSO'C. U shall have an intcrtial diameter of to 



in. and a lengtli of about 27 to 36 in. The tube shall be placed in the furnace so 
that the exit end extends appioxiniatcly 5 in. be)oiid die furnace. 

(d) Combustion Boats and Covers.— Refractory boats of very low sulfur content, 
resistant to molten iron oxide, and about 3.5 to 4 in. in length are recommended. 
Prior to use, boats and covers sh.ill be ignited in oxygen .it or above the operating 
temperature for 15 to 20 min. in ortlcr to remove traces of sulfur. After ignition, 


both boats and covers shall be stored in moisture-free glass-stoppered containers. 

(e) Oxygen Purifiers.— The regular commercial tank oxygen is satisfactory. It 
shall be passed through an absorption lower containing an ubsoibeni sudi as a 20 
to 30-mesh inert base impregnated with NaOH ** and then through a tower con- 
taining anhydrous Mg(Cl 04 ) 2 . A large reservoir (such as a 5- to lO-l. bottle) shal 
be inserted between the oxygen-purifying towers and the inlet of the combustion 
tube. A reservoir provides a more even flow of oxygen during the fusion period. 
Caution,— The resenoir bottle must be dry and ftee of all organic compounds or 
vapors to avoid the formation of explosive mixtures with oxygen. 

<f) Absorption and Titration Apparatus.— A number of types of apparatus or 


tion and type of stainless steel being analyzed Though the direct combustion lo 
procedure for detei mining sulfur in stainleM steels is empirical, close adheience t 
details of the method will yield results of suitable reproducibility and accuracy. 
4*Ascarite and Caroxite have been found satisfactory for this purpose. 
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absorption and titration are commercially available. Suitable apparatus may be 
built in the laboratory. 

(») Rubber and Glass Connections.— The rubber stoppers at the inlet and out- 
let ends of the combustion tube shall be protected by heat-reflecting baffles, pref- 
erably of the double-disc type. Connection between the outlet end of the combus- 
tion tube and the absorption and titration vessel shall be made with glass, butted to 
minimize areas of rubber tubing exposed to the gases. The length of the glass 
tubing is not critical. A convenient length to use is 10 in. After each 8 hr. of con- 
tinuous use, the glass tubing shall be thoroughly dried by heating with a burner. 
The rubber stoppers and tubing used shall be essentially free of sulfur. 

Reagents, (a) Starch Solution.— Transfer 9 g. of soluble (or arrowroot) starch to 
a small beaker, add 5 to 10 ml. of water, and stir until a smooth paste is obtained. 
Pour the mixture slowly into 500 ml. of boiling water. Cool, add 15 g. of KI, and 
stir until the KI is dissolved. Dilute to 1 liter. 

(b) Standard Potassium lodate Solution (1 nil. = 0.0001 g. S).*"’- Dissolve 0.2069 

of KIO., in 900 ml. of water and dilute to 1 liter in a volumetric flask. 

Procedure.— (a) For type 302 (!8 Cr, 8 Ni) stainless steel, adjust the temperature 
of the furnace to 1425°C. For type 308 (19 Cr, 10 Ni) stainless steel use a furnace 
temperature of 1465°C., and for type 310 (24 Cr, 19 Ni) stainless steel use I525°C. 

(b) Add about 65 to 70 ml. of HCl (3:197) and 2 ml. of starch solution to the 
absorption vessel. Pass oxygen through the system and add a small amount of 
KlOg (1 ml. = 0.0001 g. S) until the intensity of the blue color is that which is to 
be taken as the end point in the final titration. Read the buret and record as the 
initial reading. Turn off the oxygen. 

(c) Transfer 1 g. (0.2 g. for high-sulfur steels) of the sample to a preignited com- 
bustion boat, spreading the chips evenly over about one-half the length of the boat. 
Cover the sample with approximately 0.2 g. of fine copper turnings or, preferably, 
with a sheet of copper foil. Place a preignited cover on the boat and introduce the 
boat and contents into the center of the combustion zone of tlie combustion tube. 
Close the tube and allow the sample to heat for 1.5 min.; then start the flow of oxy- 
gen at a rate of approximately 1500 ml. per min. 

(d) As the stream of gas begins to bubble through the absorption solution, the 
blue color will fade. Titrate continuously with KIO.^ (1 ml. = 0.0001 g. S) at such 
a rate as to maintain, as nearly as possible, the initial intensity of thc^ blue color. 
Near the end of the 10-min. combustion period, cautiously add KIO.^ (1 ml. = 
0.0001 g. S) until the intensity of the blue color is tJiat taken initially (Paragraph 
(5)). Read the buret and record the reading. Subtract the initial reading (Para- 
graph (5)). The difference is the milliliters of KIO3 solution required for titration 
of the sample. 

(e) Blank.-Make a blank determination, following the same procedure and usiim 
the same amounts of all reagents. 


^sThis sulfur equivalent is based on the following; 

KIO 3 + SKI 4- 6HC1 = 3 I 2 -f 6KC1 + 3 H 2 O 

SO2 -f I2 + 2H2O = H2SO4 -f 2HI 
On the basis of 93% conversion of sulfur to SOg, 


0.2225 X 0.93=0.2069 g. of KIO 3 per liter. 

Oiw milliliter of the KIO;s solution is therefore equivalent to 0 Ofim a- t 
40 The regular commercial tank oxygen is satisfactory for this p’u?pise^‘ ^ 
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(f) Calculation.— Calculate the percentage of sulfur as follows: 


Sulfur, per cent =* 


(A - B) X 0.0001 

c 


X 100 


where A = milliliters of KIO3 solution required for titration of the sample, 

B = milliliters of KIO3 solution required for titration of the blank, and 
C = grams of sample used. 


SELENIUM 

THE SULFUROUS ACID-lODOiMETiUC METHOD 

Reagents, (a) Sulfurous Acid (6%). 

(b) Urea. 

(c) Potassium Iodide Solution (300 g. per liter).— Prepare fresh as required. 

(d) Starch, Solution (50 g. per liter).- Make a paste of 5 g. of soluble (or anow- 
root) starch in about 5 ml. of water and add this to 100 ml. of boiling water. Cool 
before using. Prepare frcsli as requited. 

(c) Standard Selenious Acid Solution (1 ml. = 0.0006 g. Sc).— Dissolve O.4D0 g. ol 
selcnious acid (H^ScOg) in 400 ml. of water and dilute to 500 ml. in a volumctiit 
flask. 

(f) Standard Sodium Thiosulfate Solution (1 ml. » 0.0002 g. Sc. approximately 
O.OI A^).— Dissolve 2.5 g. of NajS^0j*5Hj,O in I liter of freshly boiled and cooled 
water. Standaidize as follows: Pipci 10 ml. of the selenious acid solution into a 
600-ml. beaker. Add 20 ml. of HNO3 and boil until the volume is about 15 ml. 
Cool, dilute to 400 nil., add 2 g. of urea, and stir. Add 10 ml. of K1 (300 g. per 
liter), stir, and allow to stand for 2 min. Add 5 ml. of starcli solution (50 g. per 
liter), and titrate with the N.'i_.S303 solution until tlic blue color is disdurged. 
Calculate the selenium equivalent of the Na^SgOj solution in grams per milliliter, 
as follows: 


Selenium equivalent = 
The reactions involved arc*. 


0,006 

ml. ofNa2S203 


HjSeOs + 4KI + 4HNO3 = Se + 21. + 4KNO3 + 3H2O 
12 + 2 Na 2 S 203 = Na2S406 -f 2Nar 

The Na^SoOg solution may .also be standardized against KIO3 and the selenium 
equivalent calculated on the theoretical basis. One milliliter of 1 N NjjSjOs » 
equivalent to 0.01974 g. of selenium. 

Procedure. I. Sfoinless Steels.— (a) Transfer 5 g. of dre sample (use 2 to 3 g. of 
the sample if the selenium content is over 0.2%) to a 600-mI. beaker, and add a 
freshly prepared mixture of 30 ml. of HNO3 and 30 ml, of HCl. Heat until action 
is complete. Add 35 ml. of HCIO^ and heat until chromium is oxidized, which 
is indicated by die appearance of a deep red color in the solution. Cool, add 50 
ml. of water, and warm until salts arc dissolved. Add 200 ml. of HCl and 100 m . 
of H2SO3 (6%), and heat on a steam bath at 60® to 70''C. for 2 to S hr., to re uce 
the selenium to the metallic state. Cool, and filter with suction tluougli a t'S^ 
asbestos pad in a Goodi crucible having a removable bottom, or through a fnite 
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glass crucible of fine porosity. Wash 5 or 6 times with cold HCl (3:7) and then 

5 or 6 times with cold water. n en 

(b) Transfer the asbestos pad with die residue to a 400-ml. beaker, add 50 ml. of 

HN0„ and evaporate die solution to 10 to 15 ml. Filter by suction through a 
Gooch crucible or a fritted-glass crucible of fine porosity, and wash several times 
widi cold water. If the filtrate is cloudy, filter again. Add a slight excess of 
NH.OH to precipitate small amounts of iron. Filter and wash with warm water. 

(c) Make the filtrate just acid with HNO3 and add 10 ml. in excess. Dilute to 
400 ml heat to 60°C., add 3 g. of urea, and stir 2 or 3 min. to eliminate small 
amounts of HNO.,. Cool, add 10 ml. of KI (300 g. per liter), and allow to stanc 
until the liberation of iodine is complete (usually 2 or 3 mm.). Add 5 ml. of 
starch solution (50 g. per liter) and titrate with NaoS^O^ (1 ml. = 0.0002 g. Se) to 
the complete disappearance of the blue color. 

(d) Calculation.— Calculate the percentage of selenium as follows: 

AB 

Selenium, per cent = — - X 100 


where A = milliliters of Na2S203 solution required to titrate the sample, 

B = selenium equivalent of the Na2S203 solution, in grams per milliliter, and 
C = grams of sample used. 


SILICON 


THE SULFURIC ACID METFIOD 


Reagents. Mixed Acids.— To 600 ml. of water add 200 ml. of HoSQ.^ 100 ml. of 
HNO3, and 100 ml. of HCl. 

Procedure. 1. Carbon and High-Silicon Steels.— {a) Transfer the sample (5 g. if 
silicon is under 0.5%, and 2.5 g. if it is over this percentage) to a 300-ml. casserole, 
add 100 ml. of HoSO^ (l:4),-‘" and cover. Warm gently. When reaction ceases, 
remove and rinse the cover and evaporate the solution to dense white fumes, ttiking 
care to avoid spattering. Replace the cover and continue the fuming for 2 to 3 
min., but no longer, since insoluble sulfates may be formed. Cool somewhat, and 
add 100 ml. of warm water (40° to 50°C.) at one time. Stir until salts are in solu- 
tion, heating gently if necessary, but never boiling. Filter immediately, using a 
rapid ashless filter paper for high-silicon steels, and a tighter paper for low-silicon 
steels. Transfer all the residue to the paper, scrubbing the casserole thoroughly 
widi a rubber-tipped rod. Wash die paper and residue alternately with hot HCl 
(5:95) and hot water until iron salts have been removed. This usually requires 
six washings with 5-ml. portions of each wash liquid.*® 


■IT More rapid and equally satisfactory determinations can be made by dissolving the 
sample m 40 ml. of HCl (1;1) and evaporating to low volume; then adding the H.^SO. 
evaporating to fumes, and completing the procedure in accordance with Section 1 above 
Alternatively, the sample may be dissolved in 100 ml. of the mixed acids as described 
below in Section 6 . In the case of steels (rimming) containing under 0.10% silicon, dissolve 
the sample in a platinum dish with HCl, add H 2 SO 4 , and evaporate to fumes and com- 
plete the determination as directed in Section 1. 

• “‘'^hod and succeeding methods for determining silicon some silica passes 

into the filtrate. The amount left in solution depends chiefly on the silicon content of 

0 - 00 ^% silicon for a 0 . 1 % silicon steel, approximately for 

a 0.4% silicon steel, and about 0.05% or over for a 4.5% silicon stLl. HencI hi uSdS 
work It IS necessary to evaporate the filtrate and washings to dense white fumTs dXe 
filtei, and ignite the washed paper and contents with thi first portion. ’ ” ^ ’ 
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(b) Transfer the jJapcr and residue to a platinum crucible, heat carefully until 
the carbon is gone, and then cover and ignite for 30 min. at 1100® to 1150°C. Cool 
in a desiccator and weigh. 

(c) Add enough HoSO^ (1:1) to moisten the SiOj and then 3 to 5 ml. of Hf 
Evaporate to dryness, caiefully heat until H^SO^ is gone, and then ignite ai 
1000°C. Cool in a desiccator and weigh. The loss in weight represents SiO 

(d) Calculation.— Calculate the percentage of silicon as follows: 

Silicon, per cent = — X 100 

where A = grams of Si02, and 

B = grams of sample used. 

2. Alloy Steels.— Determine silicon in accordance with the procedure described 
in Section 1. if tiie sample dissolves in HjSO^ (1:4). If it does not, use die mixed 
acids or the perchloric acid method. Tlie perchloric acid method is especially 
suited for high-chromium alloys. 

Tungsten Stee/s.— («) Transfer 2.5 g. of the sample to a beaker or casserole 
provided with a cover glass. Add a mixture of 20 ml. of HCl and 20 ml. of HNOj. 
and warm until all the steel has dissolved. Add 60 ml. of warm HoSO^ (1:1), and 
evaporate to dense white fumes. Cool somewhat, cautiously add 5 ml. of HCl, and 
swirl gently until well mixed. Add 125 ml. of warm water (40® to 50®C.), and 
proceed as described in Section 1 (o). 

(5) Ignite the tungstic acid and silica together at a temperature of about lOOO’C. 
and weigh. 

(c) Complete ilie dctemunaijon as described in Section 1 (c) and (d), except that 
the final ignition shall be made at 800®C. instead of lOOO’C. 

•f. Cast iron.— Determine silicon in accordance with the procedure described in 
Section 1, using 2.5 g. of the sample. With gray or mottled pig iron it is desirable 
to use a finely divided sample and to boil vigorously with slightly more acid at the 
start, as the particles tend to become coated with silicic acid. Alternatively, tlie 
sample (2.5 g.) may be tlissolvcd in 80 ml. of the mixed acids as described in Sec- 
tion 6. 

3. Open-Hearth /ro«.— Determine silicon in accordance witli the procedure de- 
scribed in Section 1, using 10 to 20 g. of the sample and corresponding amounts 
of HjSO^. Fume gently for 12 to 15 min., instead of 1 to 2 min. as witli carbon 
steels. The solution and treatment of the sample sliall be carried out in a platinum 
dish. 

6. Wrought Iron.—To 5 g. of the sample, add 100 ml. of the mixed acids. Heat 
until solution is complete, evaporate to dense white fumes, and fume for 1 to 2 mm. 
Cool somewliat, and cautiously add to tlie warm solution 5 ml. of HCl, while 
swirling the solution gently. When well mixed, add 125 ml. of warm water, stir, 
and complete the determination as described in Section 1. 

THE PERCHLORIC ACID METHOD 

Procedure. I. Carbon and Htg/i-Sificon Steefj.— Transfer 5 g. of the sample for 
steels containing less than 0.5% silicon and 2.5 g. for steels containing more man 
0.5% silicon to a 400-ml. beaker. Add -10 ml. of HNO3 (3:5).*» Cover and beat 

*9 For high-silicon alloys, dissolve the sample in 40 ml. of HCl {l;l). oxidite carefully 
with HNO 3 , and then add the HCIO 4 . 
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cautiously until solution is complete. Then raise the cover and add 40 ml. of 
HCIO4 for the 2.5-g. sample, or 60 ml. for the 5-g. sample. Evaporate to white 
fumes, cover the beaker, and continue to heat at such a rate that HC10.j rehuxes on 
the sides of the beaker for 15 to 20 min. Cool somewhat, add 125 ml. of hot water, 
and stir until salts are in solution, crushing any lumps of silica with a flattened rod. 
Filter immediately and complete the determination as described in Section 1. The 
washing of the paper must be thorough, for residual HCIO4 held in the silicic acid 
tends to cause popping and loss of material upon subsequent ignition. 

2. Nickel, Chromium-Nickel, Chromium-Vanadium, and Similar Low-Alloy 
Steels Contahiing No Tungsten arid Under 5% C/iromi'nni.— Determine silicon in 
accordance with the procedure described in Section I. 

3. High-Chromium Stee/s.— Dissolve the sample in a mixture of equal parts of 
HCl and HNO3. Complete the determination as described in Section 1. 

•/. Cast /ron.— Detemiine silicon in accordance with the procedure described 
in Section 1, using 2.5 g. of the sample for white iron and 1 g. for gray iron. 

i. Alloy Cast /ron.— For high chromium-nickel cast iron dissolve the sample in a 
mixture of 20 ml. of HCl and 20 ml. of HNO3. Complete the determination as 
described in Section 1. 


COPPER 


THE ELECTROLYTIC OR GRAVIMETRIC METHOD 


Apparatus. Elecu'odes.— Platinum electrodes of the stationary type as described 
in Ute following Paragraphs (r/) and (5). are recommended, but strict adherence 
to the exact size and shape of the electrodes is not mandatory. Wliere agitation of 
the electrolyte is permissible in order to decrease the time of deposition, one of tlie 
types of rotating forms of electrodes, generally available, may be employed. 

(a) Cadrodes.— Platinum cathodes may be formed either from plain or perforated 
sheets or from u'ire gauze, and may be either open or closed cylinders. Gauze 
cadiodes are recommended, and shall be made preferably from gauze containing 
approximately 400 meshes per sq. cm. (50 meshes per linear inch). Gauze for 
cathodes shall be woven from wire of approximately 0.0085 in. (0.21 mm.) in diam- 
eter. The cathode should be stiffened by doubling the gauze for about 3 mm. at 
the top and the bottom of the cylinder or by reinforcing the gauze at the top and 
bottom with a platinum band or ring. The cylinder should be approximately 30 
mm. in diameter and 50 mm. in height. The stem should be made from a plati- 
num alloy wire, such as platinum-iridium, platinum-rhodium, or platinum-ruthe- 
nium, having a diameter of approximately 1.30 mm. It should be flattened and 
welded the entire length of the gauze. The over-all height of the cathode should be 
approximately 130 mm. Cathodes should be sandblasted. 


(b) Anodes.-Platinum anodes may be of the spiral type when anodic deposits 
are not being determined, or if the deposits are small (as in the electrolytic deter- 
mination of lead when it is present in amounts not over 0.2%). When used in 
analyses where both cathodic and anodic plates are to be determined the anodes 
should be of wire gauze. Spiral anodes should be made from 1.00-mm. or larger 
pLtinum wire formed into a spiral of seven turns having a height of approximated 
50 mm. and a diameter of 12 mm., the over-all height being approximately 130 mm. 
The spiraled section should be sandblasted. Platinum gauze anodes should be 
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made of the same material and of the same general design as platinum ga 
cathodes. The anode cylinder should be appioximately 12 mm. in diameter miJ 
50 mm. in height and the over-all height of the anode should be approximaid 
130 mm. Platinum gauze anodes should be sandblasted. ^ 

Reagents. Hydrogen Sulfide Wash Solution.— Saturate H.>SO^ (1:99) wiihHS 

Procedttre. I. Copper Steels.— (a) Tranrfer 5 g. of the sample to a 600 ml 
beaker, add 200 ml. of H^SO^ (1:9), flud heat gently until action ceases. Dduif 
to 350 ml. with water, heat to boiling, and saturate with HoS as the solution isai 
lowed to cool during the course ot 25 win. Allow the precipitate to settle, filttr 
on paper or paper pulp, and wash a lew times with H^S wash solution. 

(h) Transfer the residue and paper to a 25- or 35-inl. tail-form procelain cru 
cible, ignite at a temperature not exceeding 550®C.. and fuse witli 2 to 4 g. oi 
K2S2O7. Dissolve the cooled melt in 25 ml. of HCl (1:9). Dilute the solution 
to lOQ ml.,®" neutralize with NaOH (50 g. per liter), and add approximately OS 
ml. in excess. Boil ior S min., digest tor about 30 min., Biter, and wash 5 or 6 
times with cool NaOH (5 g. ptr liter). 

(c) Dissolve the precipitate in 15 to 25 ml, of hot HNO3 (1:3), wash the paper 
with hot water, add 5 ml. of Hj,SO^, and evaporate to dense white fumes. Cool 
the solution, dilute to 40 ml., add an excess of several milliliters of NH^OH, and 
heat to boiling. Allow the precipitate to settle, filter into a 250-njl, beaker, and 
wash with hot water. If more than 4 mg. of iion, tin. diromium, or oUier element 
precipitable by NH4OH .appear to be present, dissolve die precipitate in 15 w 25 
ml. of hot HNO3 (1:3) and repeat the precipitation with NH4OH. Filter and com 
bine the filtrates. 

(d) Complete the determination by die electrolytic metliod (Paragraphs (e) to (g)) 
or the gravimetric method (Paragraphs (/») to (/)). The electrolytic method is to be 
preferred in analyses of the highest .iccuracy, and if over 0,25% of copper is present 

Electrolytic Method.— (e) Transfer the ammonlac.il solution (Paragraph (c)) to a 
250-ml. beaker, neutralize with HjSO^ (l.'l). add an excess of 5 ml. of HoSO^ (1:1), 
and then add 4 ml. of HNO5 (1:1). Dilute Uic solution to 200 ml. Adjust the 
anode and weighed cathode, cover the beaker vviilv split watch glasses, and electro- 
lyze at a current density of 0,5 amp. per sq. dm. until the solution becomes colorless 
(about 2 hr.). Rinse the cover glasses and the exposed stems of the electrodes and 
sides of the beaker. Continue the electrolysis for 30 min. and test for complete 
deposition (0.3 to 0.5 ml. of the electrolyte should not give a brown color with 0.3 
to 0.5 ml. of freslily prepared HjS water). 

(/) When deposition of the copper is complete, low’er the electrolytic beaker 
quickly, with die current still on, wJiile rinsing the cathode with water from a 
wash bottle.®^ Turn off the current, quickly detach die cathode and rinse it in 2 
beaker of water, and then dip it in two successive baths of ethanol or methanol. 
Dry in an oven at U0"C. for 3 to 5 min., cool in a desiccator, and weigh the deposit 
as metallic copper.®^ 

so If an apprcaable amount of alica has separated, it may be removed by filirauon 
before proceeding further. • ..j,. 

5Hn work of high accuracy, recover traces of copper in the electrolyte by the su 
colorimetric method. • _ 

52 Deposits of copper may be removed by immersing the calhode in HNO3 (LI). ”" 8 

with water, then boiling \riih fiesh HNO3 for 5 lo 10 min., rinsing with water, ana 
igniting strongly for 10 to 25 mm over one or tvso large Mekcr burners. 
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(g) Calculation.-Calculate the percentage o£ copper as follows: 

A 

Copper, per cent = — X 100 


where A = grams of CuO, and 

B = grams of sample used. 

Gravimetric Method (Copper Under 0.25%).-(/i) Neutralize the ammoniacal 
solution (Paragraph (c)) with H,,SO, (1:1), add 4 ml. in excess, and adjust the 
volume to about 100 ml. Heat to boiling, and saturate with HoS as the solution 
cools. Allow to settle and filter. Transfer all the precipitate to the paper, and 
ivash diorouhly ivith H^S wash solution. 

(i) Transfer the paper and precipitate to a small porcelain or quartz crucible 
tliat has been weighed with cover. Heat under good oxidizing conditions until 
carbon has been destroyed, and then ignite to constant weight at 900° to 1000°C. 
Cover, cool over a good desiccant, and weigh as CuO. 

(j) Calculation.-Calculate the percentage of copper as follows: 

A X 0.799 ^ 

Copper, per cent = — X lOL) 


where A = grams of copper, and 
B = grams of sample used. 


2. Carbon Steeis.— Determine copper in accordance with the procedure described 
in Section 1, using 10 g. of the sample. 

3. Alloy Steels.— Most alloy steels may be analyzed as described in Section I. 

4. Tungsten Steels.— (a) To 5 g. of the sample, add 100 ml. of HCl (1 : 1), and heat 
gently until the sample has dissolved. Carefully add 20 ml. of HNO3 (I'.l), and 
boil gently until the tungstic acid becomes bright yellow. Dilute the solution to 
150 ml. with boiling water, digest for a few minutes, filter, and wash with HCl 
(1:9). Reserve the I'esidue. 

(b) Add 15 ml. of H2SO4 to the filtrate, evaporate just to white fumes, cool, and 
add 100 ml. of water. If a small residue of tungstic acid separates, filter, and wash 
with H2SO4 (5:95). Add 5 g. of tartaric acid to the clear filtrate, neutralize with 
NH4OH, adjust the acidity to 5% by volume with H2SO4, heat to boiling, and 
pass a rapid stream of HoS into the solution for 10 to 15 min. Let the precipitate 
settle, filter, and wash with HoS wash solution. 

(c) Add NH4OH to the residue (Paragraph (a)), add 5 g. of tartaric acid, and 
then add sufficient H0SO4 to have an excess of 5 ml. per 100 ml. of solution. Pass 
H2S into the solution until precipitation is complete, filter, and combine with the 
main sulfide precipitate (Paragraph (5)). 

(d) Complete the determination as described in Section 1 [b) to (j). 

5. Cast Iron and High-Silicon Steels.-{a) Dissolve 5 g. of the sample in 100 ml. of 
H2SO4 (1:5). When solution is complete, evaporate to dense white fumes. Cool 

somewhat, dilute to 100 ml. with warm water, heat until salts have dissolved and 
filter. ' 


(5) Wash the residue with hot water and ignite in platinum at a temnerature 
not exceeding 550°C. Add 2 ml. of H2SO4 (1:1) and 3 to 5 ml. of HF, eLporate 
to dense white fumes, cool and add to the main filtrate. Dilute the filtrate to 
500 ml with hot water, and complete the determination as described in Section 1 
6. Wrought Iron and Open-Hearth Zron.-Determine copper in accordance with 
die procedure described in Section 1. using 10 g. of the sample. 
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THE THIOSULFATE-IODIDE METHOD 

Reagents, (a) Sodium Thiosulfate Solution (500 g. per liter).-Fiher, if not 
clear, before using. 

(b) Hydrogen Sulfide 'Wash Sohition.~-Sa(uratc H^SO^ (1:DD) with H.,S. 

(c) Ammonium Ilifluoride Solution (200 g. jier liter). 

(d) Standard Sodium Thiosulfate Solution (1 ml. = 0.001 g. Cu, a[)proximaidy 
0.02 iV).— To standardize, transfer 0.05 g. of copper to a I50-mI. beaker, cover, jtid 
dissolve the capper in *1 to 5 ml. of HNO^ (3:5). Boil gently until brown (unia 
have been expelled. Cool, and add NH4OH until the solution just turns bht 
Acidify witii acetic acid aiul add I ml. «» excess. Continue as described in Section 
1 (c) iielovv. 

(e) Starch Solution. 

Procedure. 1. Copper Steeh.~(a) Transfer 5 g. of the sample to a 600-ml. beaker, 
.add 100 ml. of HoSO^ (1:9), and heat gemly until action ceases. Dilute to 250 m!., 
heat to boiling, add 10 ml. of Na2S20_.j (500 g. per liter), and continue the boiling 
for 5 to 10 min., or until the precipitate settles rapidly. Filter immediately, tranv 
fer all the precipitate to the paper, and wash ilie paper and precipitate well iwih 
HjS wash solution. 

(6) Place the paper and precipitate in a porcelain or silica crucible, dry, and 
ignite at a low temperature (520* to 550*C.; conveniently in a muffle furnace) until 
all carbon is destroyed. Cool and transfer the tontents ol the crucible to a 250inl 
beaker. Add 5 to 6 ml, of HNO3 (3:5) to the crucible, warm gently, and pour upon 
the residue in the beaker. Rinse the crucible witlj a little w’ater and warm the 
beaker and contents until the copper oxide has dissolved. Carefully evaporate tlie 
solution to a volume of 2 to 3 ml. in order to expel most of die acid. Cool, add 
30 ml, of water, *8 and adtl either 5 ml. of NH^HFj solution (200 g. per liter) or 
I g. of NaF to prevent interference l>y ferric iron. TJien add NH^OH until the 
solution just reacts alkaline to litmus. Ckiol the soluuoti to room temperature. 
Acidify with acetic acid and add 1 ml. iu excess. 

(c) .Add 3 to 4 g. of KI dissolved in a little water, stir well, and immediately ti- 
trate with Na^SgO^ (I ml. = O.OOl g. Cu). When the brown tint has nearly dis- 
appeared, add 5 ml. of starch solution and tonlinue the titration until one drop 
changes the color from blue to yellowish white, persisting for 15 to 20 sec. 

(d) Calculation.— Calculate the percentage of copper as follows: 


Copper, per cent = X 100 


where A = milliliters of NajSjOa solution required for titration of the sample, 

B »= copper equivalent of the NaaSzOj solution, in grams per railliUter, and 
C = grams of sample used. 


2. Carbon Steels.— Determine copper in accordance with tire procedure descri e 

in Section 1, using 10 g. of the sample. . ^ 

3. Alloy Steels.— Most alloy steels may be analyzed as described in Section I, usuio 
5 or 10 g. of the sample. When vanadium is 2>resent, it will be necessary to i* 

53 Since molybdenum and vanadium itucrfcie partly in this method, it is te 

the steel contains more than 0 25% of molybdenum or 0.05% of \3ii.Klmm, to sep 
these elements from copper by treatment at this point with NaOH as described m 
graphs (b) and (c) of the Gravimetric Method. 
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solve the precipitate of CuS (Section 1 (a)) and reprecipitate with H.S, before pro- 
ceeding in accordance with Section 1 (b). , , i p wrl and 

4. Txmgsten Steels.-{a) To 5 g. of the sample, add 75 ml. of 

heat o-ently until the sample has dissolved. Carefully add 15 ml. of MiNtJa (i. ; 
and boil gently until the tungstic acid becomes bright yellow. Dilute the solution 
to 100 ml. with boiling water, digest for several minutes, filter, and wash with 
HCl (1:9). Foi' recovery of copper held by tungstic acid, see the section on pro- 
cedure for copper in Tungsten Steels, Paragraph (c). 

(b) Add 10 ml. of HoSO^ to the filtrate and evaporate to dense white fumes. 
Cool, dilute to 200 ml., and heat to boiling. Add 20 ml. of Na^S^O^ (500 g. per 
liter), boil for 5 min., and complete the determination as described in Section 1. 

5. Cast Iron and High-Silicon Steels.-(a) Dissolve 5 g. of the sample in 100 ml. 
of HoSO^ (1:4). When solution is complete, evaporate to dense white fumes. 
Cool somewhat, dilute to 100 ml. with warm water, and heat until salts have dis- 
solved. Filter, and wash the residue with hot water. Ignite in platinum at a tem- 
perature not exceeding 550°C. Add 2 ml. of HoSQ.^ (1:1) and 3 to 5 ml. of FIF, 
evaporate to dense white fumes, and cool. Add 10 ml. of water and filter into the 
main filtrate, washing the residue with hot water. 

(b) Dilute the filtrate to 250 ml. and heat to boiling. Add 20 ml. of NaoS^O.j 
(500 g. per liter), continue the boiling for 5 min., and complete the determination 
as described in Section 1. 

6. Wrought Iron and Open-Hearth Iron.— Determine copper in accordance with 
the procedure described in Section 1, using 10 g. of the sample. 


THE NEOCUPROINE (PHOTOMETRIC) METHOD (E30-60T) 

Scope and Application.— This method covers the determination of copper in 
steels and cast irons in the range from 0.01 to 2.00%. 

Sumtiiaij of Method.— Alter solution in nitric acid, or nitric and hydrocidoric 
acids, as the case may require, and fuming with perchloric acid, the salts are dis- 
solved, and silver, if present, is removed with hydrochloric acid. Any insoluble 
matter is filtered off and the copper reduced in a citrate solution with hydrox- 
ylamine hydrochloride. The reduced copper is reacted with an ethanol solution 
of neocuproine, the complex extracted with chloroform, and the transmittance 
measured at 455 m/i. 

Concentration itange.— The recommended concentration range is from 0.010 to 
0.15 mg. of copper in 25 ml. of solution, using a cell depth of 1 cm. (Note 14). 

Note 14.— This method has been written for a cell having a 1-cm. light path. Cells 
hping other dimensions may be used, provided suitable adjustments can be made in 
the amounts of sample and reagent used. 


Stability of Color.— The color is stable for at least 4 days. 

Interferences.-Ol the elements that can be present in steels and cast irons, only 
silver interferes directly. Provision is made in the method for its removal! In- 
soluble matter may be filtered off prior to color development. Traces of cyanide 
and sulfide interfere, but up to 5 ml. of phosphoric acid can be tolerated. 
Reagents, (a) ailoroform. 

(b) Copper, Standard Solution (1 ml. 0.010 mg. Cu).-Transfer 0 1 o- of elec- 

tchTo " 250-ml. Erlenmeyer°flask and 

add 0 ml of HNO3 (1:1). Cover, and heat gently to effect solution. When the 
1 etal has dissolved, add 0 ml. of HCIO^ and evaporate to fumes. Boil ogntly 5 
mm. and cool. Add 25 ml. ot water, heat to boiling, and boil gen Sr 2 min. V- 
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evolve chlorine. Cool, transfer to a lOOO-ml. volumetric flask, dilute to die mut, 
and mix. Transfer 100 ml. to a second I000*ml. \olumetric flask, dilute to die 
mark, and mix. This solution contains 0.010 mg. Cu per ml. 

(c) H)droxylaminc Hydrochloride Solution (100 g. per liter).— DissoKe lOg. of 
hydroxylamine hydrochloride (NH^OH'HCl) in 100 ml. of water. 

(d) Neocuproiiie Solution (I g. per liter).— Dissolve 0.1 g. of neocuproine (2,9- 
dimethyM,10-phenanihroline) in 100 ml. of ethanol (Note 15). 

Note 15.— Some grades of denatured ethanol form unsuitable turbid solutions. Absoluif 
methanol may be used, if desired. 

(e) Sodium Citrate Solution (300 g. per liter).— Dissolve 300 g. of sodium citrate 
in 600 ml. of water and djlute to I liter. 

Preparation of Calibration Curve, (a) Calibration Solutions.— By means of i 
25-ml. buret, transfer 2, 4, 6, 8, 10, 12, and 15 ml. of copper solution (1 ml. = 0010 
mg. Cu) to seven loO-ml. beakers. To each beaker add 50 ml. of u’ater, 10 ml. oi 
the sodium citrate solution, and 5 ml. of the hydroxylamine hydrochloride solu 
tion. Stir well for 30 sec. (Note 16) ami add 10 mL of the neocuproine solution. 
Again stir and, using a pH meter, adjust the pH of the solution to about 5 wiili 
NH^OH (1:1) (Note 17). Transfer tlie solution to a 250-ml. pear-shape separatory 
fuitnel, add 10 ml. of cliloroform, and shake for 30 sec. After the aqueous and or- 
ganic layers have separated, transfer ilic cliloroform layer into a 25-ml. volumetnc 
flask containing i ml. of ethanol. Make a second extraction with 5 ml. of chloro- 
form and separate as before. Dilute to the mark with ethanol and mix. 

Note 1C.— Use of a magnetic stiner is recommended for the stirring operation. 

Note 17— Since the reaction of copper with the reagent is complete within the pH 
range of 2.3 to 0 0, this adjustment can be made with pH paper; however, In hignl)- 
colored volutions use of a pH meter is preferable. 

(b) Reference Solution,— Carry a reagent bl.\nk through all the steps of the pro- 
cedure as directed in Paragraph (a). 

(c) Photometry.— Tmiisfer a portion of the reference solution to the absorption 
cell, and adjust the photometer to the initial setting, using a light band centered 
at appioxinutely dSo inii. AVliilc maintaining this photometer adjustment, take 
the plvotomeiric readings ol die calibration solutions. 

(d) Calibration Curve.— Plot the pliouimctric readings of the calibration solu- 
tions against milligrams of copper per 25 ml. of solution. 

Procedt{re.^(a) Weigh to the nearest I mg. the amount of sample specified in 
Table 24-2, and transfer to a 250-ml. beaker. Add 15 ml. of HNO3 for plain car- 
bon steels and cast irons, 10 ml. of HNOj and 5 ml. of HCl for low-alloy steels 
and alloyed cast irons, and 10 ml. of HCl and 5 ml. of HNO^ for stainless stees. 
Cover and heal gently until the sample has dissolved. 

(b) Wash cover and sides of beaker and add I ml. of HF (48%) for alloys con- 
taining more than 1.5% silicon, and add 0.5 ml. for those containing less. Add 
15 ml. of HCIO4 and evaporate to fumes; boil gently 5 min. and cool. Dissove 
salts in 75 ml, of water. 

(c) If any silver is present in tlie alloy, add 1 ml. of HCl at tliis point. Dljer, 

if necessary, into a 200-ral. volumetric flask. kVash tliree times with 1% HOIU4 
and discard residue. Dilute to the mark and mix. j.q 

(d) By means of a pipet transfer tlic proper sire aliquot (Table 24-2) to ® _ 
ml. beaker. Proceed as described in Paragraph (a), Preparation of Calibration 
Curve. 
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Copper, per cent 

Sample 
Size, g. 

Aliquot, 

ml. 

Copper Con- 
tent, mg. 

0.01 to 0.15 

1.0 

20.0 

0.01 to 0.150 

0.10 to 0.25 

1.0 

10.0 

0.05 to 0.125 

0.20 to 0.50 

0.5 

10.0 

0.05 to 0.125 

0.40 to 1.00 

0.5 

5.0 

0.05 to 0.125 

0.80 to 2.00 

i 

0.25 

5.0 

0.05 to 0.125 


(e) Reference Solution.— Add 50 ml. of water to a 150-ml. beaker and proceed 
as described in Paragraph (o) of Preparation of Calibration Curve. 

(£) Photometry.— Take photometric readings of the sample solution as described 
in Paragraph (c) of Preparation of Calibration Curve. 

Calculation.— Convert the photometric reading of the sample solution to milli- 
grams of copper by means of the calibration curve. Calculate die percentage of 
copper as follows; 

Copper, per cent = — ■ — 

where A = milligrams of copper found in the aliquot used, and 
B = grams of sample represented in the aliquot used. 


NICKEL 


THE DIMETHYLGLYOXIME METHOD 

Reagents, (a) Tartaric Acid Solution (250 g. per liter).— Dissolve 250 g. of tar- 
taric acid in 600 ml. of ivater, filter, add 10 ml. of HNO^, and dilute to 1 liter. 

(b) Alcohol Solution of Dimethylglyoxime (10 g. per liter). 

(c) Tartaric Acid Solution (20 g. per liter).— Dilute 80 ml. of tartaric acid (250 g. 
per liter) (Paragraph (a)) to I liter. 

(d) Potassium Thiocarbonate Solution.— Saturate 125 ml. of KOH 50 g. per 
liter) with HoS. Add 125 ml. of KOH (50 g. per liter) and 10 ml. of CS., and heat 
moderately. Decant the dark red liquid from the undissolved CS., and keep in a 
tightly closed flask. 

(e) Ethyl Ether. 

Procediire. 1. Nickel Steels Containing 0.03 to 3.3% Nickel.— (a) Transfer 1 fr. 
of the sample to a 400-ml. beaker, cover, and add 60 ml. of HCl (1:1).5^ Warm 


54 If the steel contains under 1% of nickel, 2- or 3-g. samples may be used with corre- 
spondingly larger amounts of tartaric acid. For steels containing more than 3 W of 

WpJ’ equivalent to about 0.035 g. of nickel, or a suitable aliquot of a 

larger sample may be used, ^ 

of ho[ HNorfDa)"*”^ chromium is under 0.5%, the sample may be dissolved in 50 ml. 
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until decomposition is complete, and then cautiously add 10 ml. of HNOj (I'lj 
Boil until iron and carbides are oxidized and brown fumes Jiate been expellei 
Dilute to 200 ml. with hot water. Add 20 ml, of tartaric acid (250 g. per liter) 
neutralize with NH4OH, and add 1 ml. of NH4OH in excess. Filter, and 
tlie paper and residue with hot water containing a little NH4OH and NH^CI, Add 
HCl until slightly acid, warm to about 60* to 80®C., and add 20 ml. of diraeth)! 
glyoxime solution (10 g. per liter). Add NH^OH until slightly alkaline, and di 
gest for 30 min. at about 60*C. Cool to room temperature.^o 

(b) Complete the determination by the gravimetric mctliod (Paragraphs (c) to 
(f)) or the electrolytic method (Paragraphs (g) to (/)). 

Gravimetric Method.— (c) Filler through a weighed Gooch crucible under light 
suction, but do not allow the mat to ruti dry; wash tlic precipitate thoroughly 
with cold water. Friited-glass or oilier porous crucibles may also be used. If 
{litunl-glivss crucibles vtic used. It vs advisable to allow a thuv mat ot the prtdpluxt 
to form before strong suction is applied. Add 5 ml. of dimctliylglyoxime (10 g. 
per liter) and 0.5 ml. of NH^OH to die fiUmtc and washings. Stir, and allow to 
stand to determine whether precipitation is complete. 

(d) If appreciable cobalt (over 1%) or copper (over 4%) is present, add suffi 
cient dimetliylglyoxime to take care of tlicin as well as the nickel, and preferably 
reprecipitate the nickel as follows: when the precipitate has been washed, dis- 
continue the suction, place the original beaker under the funnel, and add a hot 
mixture of 20 ml. of HCl (I:J) and 5 ml. of HNO3. After 1 rain., apply suction 
until dry, repeat the ticatmcai with 25 ml. of the HChHNO.^ mixture, drain, and 
wash thoroughly with 50 ml. of hot tartaric acid (20 g. per liter). Nearly neutral- 
ize the absolutely clear solution with NH4OH and precipitate with dimethylglyox 
ime and NH4OH as before. A dimcthylglyoxime precipitate contaminated by co- 
balt is a darker red than a pure nickel dimcthylglyoxime. 

(e) Dry the precipitate (Paragraph (r) or (</)) at 150*C. to constant weight. Cool 
iu a desiccator and weigh as nickel dimeilvylglyoximc. 

(f) Calculation.— Calculate (he percentage of nickel as follows: 


Tiiickcl, per cent 


A X 0.2032 
B 


X 100 


where A = grams of nickel diinethylglyoxime, and 
B = grams of sample used. 

Electrolytic Method.— (g) Filter the nickel dimelhylglyoximc precipitate (Para- 
graph (a)) on a 12- or 15-cra. paper and wash tJioroughly 18 to 20 times wuli hot 
water. 

Qi) Dissolve die precipitate in hot HNO., (1:3) and wash the filter thoioughly 
with hot water. Add 20 ml. of H.3O4 (1:1) and evaporate to dense white fumes. 
Cool somewhat, add 10 ml. of HNO3, and repeat the evaporation to dense vs me 
fumes. Rinse the cover and sides of the beaker with water and lieat die so 
to white fumes again to insure the expulsion of every trace of the HNO^. 00 > 
add 50 ml. of cold water, and heat undl salts are dissolved. 

(1) Neutralize with NH4OH and add an excess of 25 ml. of NH4OH. Di 
175 ml. and electrolyze at a current density of from 1 to 2 amp. per sq. m- 

56 If ihe amount of nickel is small (under 02%). or if much cobalt “ 
tion should be allowed to stand at lOom temperatuie o\eim”lit and niter 
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tinue the electrolysis until the solution has become colorless (5 to 8 hr.). The 
solution may be tested for complete electrolysis by adding one or two dyops o it 
to 1 ml. of potassium thiocarbonate solution. A pink or red coloi indicates 

O' ‘I’' 

quicUy. wiUi the current still on, while rinsing the cathode with water from a 
wash bottle. Turn off the current, quickly detach the cathode and iinse it in a 
beaker of water, and then dip it in two successive baths of ethanol or methanol. 
Dry in an oven at 1I0°C. for 3 to 5 min., cool (preferably in a desiccator), and 
weigh the deposit as metallic nickel. 

(k) In very accurate work, dissolve the deposit in warm HNO3, wash the cathode 
with water, then alcohol, dry for a few minutes at 110 C., and reweigh. 

(l) Calculation.-Calculate tlie percentage of nickel as follows: 


Nickel, per cent = — X 100 
n 


where A = grams of nickel, and 
B = grams of sample used. 


2. High-Chromhun, High-Nickel Steels (20% Chroviiiim, 20% Nickel; 1S% 
Chromium, 8% Nickel; e/c.).-Transfer 0.35 to 0.5 g.=' of the sample to a 400-ml. 
beaker, and add 20 ml. of HCl (1:1) and 20 ml. of HNO3 (1:1). Heat until solu- 
tion is complete, add 20 ml. of HCIO^, and evaporate to fumes (for low-carbon, 
low-silicon alloys this latter step may be omitted). Cool somewhat, and add 100 
ml. of water. Warm until salts dissolve, filter, and complete the determination 
as described in Section 1, adding sufficient dimethylglyoxime (10 g. per liter) to 
precipitate all of the nickel (20 to 40 ml.). 

3. Carbon Steels and Other Steels Containing Under 0.03% Nickel.— (a) Trans- 
fer 5 g. of the sample to a 400-ml. beaker and acid 40 ml. of HCl (1 :1). Heat until 
solution is complete, and then carefully add 15 ml. of HNO3 (1:1). Evaporate to 
a volume of about 15 ml. and add 50 ml. of HCl (1:1). 

(b) Transfer to a 200-ml. separatory funnel, rinsing the beaker witli several 15-ml. 
portions of HCl (1:1). Cool to 10°C., add 120 ml. of ethyl ether, and carefully 
shake for 1 to 2 min. in a stream of cold water. Let settle for several minutes 
and then draw off the lower clear solution into the original beaker. 

(c) Gently heat the solution in the beaker to expel the ether (avoid free flames). 
Add 0.3 g. of KCIO3, boil until the KCIO3 is decomposed, dilute to 100 ml., and 
add 3 g. of tartaric acid. Make the solution alkaline with NH^OH and filter. 
Acidify with HCl and complete the determination as described in Section 1 . 

4. Cast Iron and High-Silicon Steels.-{a) Dissolve 5 g. of the sample in 40 ml 
of HCl (T.l), carefully add about 15 ml. of HNO3 (LI) to oxidize the iron and 
evaporate to dryness. Drench the hot, dried mass with 10 ml. of HCl and then 
dilute with 75 ml. of hot water. Filter, wash with HCl (1:1), and evaporate the 
filtrate to a sirupy consistency. 

(b) Add 50 ml. of HCl (1:1), transfer to a 200-ml. separatory funnel, rinse the 
beaker with several small portions of HCl (1:1), add 120 ml. of ethyl ether and 
complete the determination as described in Section 3. 1 > <■ 


57 If the percentage of chromium 
of hot HNO 3 (1 :3). 


is under 0.5%, the sample may be dissolved in 50 ml. 
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5. High-Nickel, Cftromium Alloy Cast Iron (15% Nickel, 6% Copper, 2% Cho- 
ntium; etc.).~(a) Transfer 2.5 g. of the sample to a 400-ml. beaker or flask and 
add a mixture of 25 ml. of HCl and 25 ml. of HNOg. When solution is complete 
add 30 ml. of HCIO4 and 5 to 10 drops of HF, and fume for 10 to 15 min. after 
the chromium has been oxidized. Cool somewhat, add 100 ml. of water, and heat 
to boiling. Filter and wash well with HCl (5:93), catcliing the filtrate and wash, 
ings in a 250 ml. volumetric flask.*^* Mix the contents, cool to room temperature, 
dilute to the mark, and mix tltoroughly, 

(b) Pipet 50-ml. aliquots and proceed by the dimethylglyoximeelectrol)tii 
metlaod as described in Section 1 (a), (b), and (g) to (1). Either dissolve and re 
precipitate the nickel dimetlaylglyoxime (Section 1 (d)), or determine any oc 
eluded copper in the deposit and correct the results accordingly. 

6. Open-Hearth Iron and Wrought /row.— Determine nickel in accordance will 
the procedure described in Section 3. 

7. Nickel IFroug/tt /row,— Determine nickel in accordance with Uie procedw 
described in Section 1. Dissolve the first dimcthylglyoxlme precipitate and agaii 
precipitate nickel with dimethylglyoxime as directed in Section 1 (d). 


THE CYANIDE TITRATION METHOD 


Reagents, (a) Sulfuric^Citrlc Acid Mixture.— Dissolve 200 g. of citric add in 1 liter 
of cool HoSO^ (1:9). 

(b) Standard Silver Nitrate Solution (1 ml. s 0.001 g. Ni). 

(c) Potassium Iodide Solution (100 g. per liter). 

(d) Standard Potassium Cyanide Solution (1 ml. = 0.001 g. Nt).— Dissolve 4.5 g. 
of K.CN in 1 liter of water containing 1 g. of KOH and standardize against the 
standard AgNO^ solution. The KCN solution cJjanges with age, so it must be 
standardized frequently. 

(e) Ethyl Ether. 

(f) Hydrogen Sulfide Wash Solution.— Saturate HCl (1:99) with 

Procedure. I. Nickel Steels. 

(1) Titration Following a Preliminary Precipitation with Dimethylglyoxime.^ 
— (o) Precipitate the nickel in I g. of the sample as described in Section I («)• 
Dissolve die washed precipitate with a hot mixture ol 20 ml. of HCl (I'l) 

5 ml. of HNO3 in a 400-ml. beaker.*® Evaporate the solution to 50 ml. or until 
free of dimethylglyoxime and oxidizing gases. Cool die solution and add 10 ml- 
of sulfuric-citric acid mixture. Make nearly alkaline with NH4OH, again cook 
dilute to 200 ml., and complete the neutralization as follows: add exactly 2 ml- 0 
AgNOg (1 ml. = 0.001 g. Ni) and, if no precipitate appears, add HCl (1:10) unii 
a precipitate of AgCl forms. Then add NH4OH (l.T) drop by drop, while stimng 
constantly, until the precipitate just dissolves. Add 3 ml. of NH4OH and 2 o'- 
of KI (100 g. per liter) and titrate with KCN ( 1 ml. = 0.001 g- Ni), while stirring 
constantly, until the solution becomes perfectly clear. 

(b) Determine the volume of KCN solution equivalent to exactly 2 ml- 0 tie 
AgNOg solution. 


58 The residue sometimes contains appreciable amounts of nickel. This ^ 
covered by igniting, treating with HF. evaporating, fusing the residue with a smaii am 
of K2 S^Oj, dissolving, and adding to the main solution. 

58 This method may be applied to steels containing cobalt, copper. 3*^9. , fumild be 
60 If the steel contains more than 4% of copper or 2% of cobalt, the nickel sn 
reprecipitated w’ith dimethylglyoxime as described in Section 1 (d). 
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(c) Calculation.-Calculate the percentage of nickel as follows: 

xr inn 

Nickel, per cent X tuu 

where A = milliliters of KCN solution required for titration of the sample 

B = milliliters of KCN solution equivalent to the AgNOs solution added, 

C - nickel equivalent of the KCN solution, in grams per milliliter, and 
D = grams of a sample used. 

(2) Titration Following a Preliminary Exuaction with Ether.«i-(«) Transfer 1 
o- of die sample to a 150-ml. beaker, cover, and add 20 ml. of HCl (5:2). When 
reaction ceases, carefully add 4 ml. of HNO3 (5:2), and boil until brown fumes 

have been expelled. . 

(b) Cool, transfer the solution to a 200-ml. separatory funnel, and rinse the 
beaker with HCl (5:2). Cool to lO^C., add 40 ml. of ethyl ether (perform this 
operation away from open flames or hot plates), and shake gently for a few min- 
utes. Let settle for 2 min., and draw off the acid layer into a 250-ml. beaker. Add 
5 ml. of HCl (5:2) to the ether portion. Cool, shake, let settle for 1 min., draw 
off the acid layer, and add it to the main extract. 

(c) He^it gently to expel dissolved ether, add 0.2 g. of KCIO3, and boil until the 
chlorine is driven off. Dilute to 100 ml. with water, neutralize witli NH.,OH, add 
an excess of 3 to 4 ml., and boil for a few minutes. Filter and wash with hot 
water. Add 10 ml. of HCl to the filtrate, heat just short of boiling, and pass FLS 
into die solution. Filter and wash with HoS wash solution. 

(d) Boil to expel H^S. Cool, dilute to 200 ml., add 10 ml. of tlie sulfuric-citric 
acid mixture, and complete the determination as described in Section (1). 


THE DIMETHYLGLYOXIME (PHOTOMETRIC) METHOD (E30-60T) 
(FOR ALLOYS CONTAINING NOT MORE THAN 4% NICKEL) 

Summary of Method.— Nickelous ions, oxidized by means of iodine, react with 
dimediylglyoxime in an ammoniacal medium to form the soluble colored com- 
pound, nickel dimediylglyoxime. 

Concentration iJazige.— The concentration range should not exceed 0.3 nig. of 
nickel in 50 ml. of solution, using a cell depdi of 1 cm. (Note 17A). 

Note 17A.— This procedure has been written for cells having 1-cm. and 2-cni. lioht paths 
and a “narrow-band” instrument. The concentration range depends upon band width 
and spectral region used as ivell as cell depth; calibradon data should cover the ranee of 
20 to at least 70% transmittance. ° 

Stability of Color.— In the absence of manganese, copper, and cobalt, the color 
develops fully widiin 1 or 2 min., and it is stable for 20 to 30 min. 

Interfering Elements. -(a) Copper, manganese, and cobalt interfere by forming 
colored compounds with dimediylglyoxime. The method provides for the deriva- 
tion of correction factors (Note 18) which permit the accurate determination of 
nickel in the presence of limited amounts of these elements. 


Note 18. In niany types of alloys the interfering elements are too low to be sieuilicint 
as indicated by the follmvmg nominal values for the correction factors- nnrf f x 

0.004 to 0.007; F(Co), 0.002 to 0.004. The correction, may ri^S o^ a L^nS “S 

sten.^^'* method is not applicable to steels containing cobalt or more than 1% of tung- 
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rection may be made in lieu oi ibc following sections on evaluation of copper, manganese, 
and cobalt interference, depending upon the nature of the sample and the accuracy re- 
quired. 

(6) Copper induces fading of the nickel dimeihylglyoxime, vvhicli is not serious 
until 10 min. has elapsed after adding dimcthylglyoxime. However, if the ratio 
of copper to nickel is above a critical level (sec Table 24-3), fading precludes the 
possibility of accurate measurement of tlie absorbance, and the correction factor 
is not valid. In extreme cases, copper must be removed prior to the determination 
of nickel. 

(c) The rate of fading due to tlie presence of copper increases with temperature 
above 25"C. This requires that two correction factors be determined, one to 
apply at temperatures below 25*C., and the other to apply within tlie range of 
25“ to 30“C. The method cannot be applied at higher temperatures unless the 
copper content of the solution is less than 0.1 mg. 


Table 24-3. Sample Size and Dilution Guide 


Ni, per cent 

Sample, 
g. per 
200 mJ. 

Aliquot, 
ml. “ 

! 

Nickel 
Added to 
Aliquot, 
mg. 

Cell 

Length, 

cm. 

0.01 to 0.15 

(hfn, 3% max.; 

Cu, 1% max.) 

0.500 

20 

0.08 

2 

O.OItoO.15 . . . 
(Mn, 4% max.; 

Cu, 1.3% max.) 

0.500 

15 

0.08 

2 

0.15 to 0.65 

(Mn, 4% max. ; 

Cu, 1.3% max.) 

0.500 

15 

0 

1 

0.35 to 1.10 

0.500 

10 

0 

1 

0.70 to 2.10 

i 0.240 

10 

0 

1 

1.90 to 4.15 

(Mn, 4% max.; 

Cu, 2.0% max.) 

: 0.120 

1 

10 

0 

1 


“ Co not to exceed 2 mg. 

(d) Manganese may retard tlie color development noticeably if the ratio of inan* 
ganese to nickel is high; above tlie critical level of this ratio (see Table 24-3) it is 
necessary to add nickel to the sample solution to induce color development to 
take place within the 10-min. time interval. 
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(e) Cobalt reacts witli dimethylglyoxime, thus limiting the amount of nickel 
that may react with a given amount of the reagent. If cobalt is high, it is necessary 
to limit the amount of cobalt to 2.0 mg. in the aliquot used foi the nickel detei- 
mination. At this absolute level of cobalt not more than 0.15 mg. of nickel may 
be present without rendering the correction factor invalid. 

(/) The high-absorbance region of ferric citrate is avoided by measuring the ab- 
sorbance of nickel dimethylglyoxime at 540 m/t. 

Apparatus. Volumetric Flasks.-These should be of borosilicate glass, glass- 
stoppered, 200 -ml. capacity. 

Reagents, (a) Ammonium Citrate Solution (540 g. per liter).— Dissolve 540 g. of 
ammonium citrate in water and dilute to 1 liter. Filter the solution, if necessary. 

(b) Dimethylglyoxime Solution.— Dissolve 1.0 g. of dimethylglyoxime in 500 ml. 
of NH 4 OFI and dilute to 1 liter. 

(c) Iodine Solution (0.02 A).— Dissolve 8 g. of KI and 2.6 g. of iodine in a mini- 
mum of water and dilute to 1 liter. 

(d) Standard Nickel Solution (1 ml. = 0.4 mg. Ni).— Dissolve 0.4000 g. of high- 
purity nickel (containing not less than 99.7% Ni, and less than 0.1% each of Cu, 
Mn, and Co) in 15 ml. of hot HNO.^ (1:1). Add 15 ml. of HC10.j and evaporate 
to fumes. Cool, add 50 ml. of water, and digest until the salts are dissolved. Cool, 
dilute to 1 liter, and mix. 

(e) Standard Nickel Solution (1 ml. = 0.01 mg. Ni).— Transfer 25.00 ml. of the 
nickel solution (1 ml. = 0.4 mg. Ni) to a 1-liter volumetric flask, add 5 ml. of HCIO^, 
dilute to volume, and mix. 

(f) Standard Nickel Solution (1 ml. = 0.016 mg. Ni).— Transfer 20.00 ml. of the 
nickel solution (1 ml. = 0.4 mg. Ni) to a 500-ml. volumetric flask. Add 5 ml. of 
HCIO 4 , dilute to volume, and mix. 

(g) Standard Nickel Solution (1 ml. = 0.0060 mg. Ni).— Transfer 15.00 ml. of the 
nickel solution (1 ml. = 0.4 mg. Ni) to a l-liter volumetric flask, add 5 ml. of 
HCIO 4 , dilute to volume, and mix. 

(h) Standard Iron Solution (1 ml. = 5.0 mg. Fe).— Dissolve 2.50 g. of high-purity 
iron (containing less than 0.1% each of Ni, Cu, Mn, and Co) in 25 ml. of HCl 
(1:1) and add 3 to 4 ml. of HNO 3 and 30 ml. of HCIO 4 . Heat to fumes, cool, 
dilute to 500 ml., and mix. 

(i) Standard Copper Solution (1 ml. = 0.1 mg. Cu).-DissoIve 0.100 g. of hio-h- 
purity copper (containing less than 0.1% each of Ni, Mn, and Co) in 10 ml.%f 
HNO 3 , add 50 ml. of water, and boil for 5 min. Cool, dilute to 1 liter, and mix. 

(j) Standard Manganese Solution (1 ml. = 0.1 mg. Mn).-Dissolve 0.100 g. of 
high-purity manganese (containing less than 0.1% each of Ni, Cu, and Co) in 10 
ml. of HNO 3 , add 50 ml. of water, and boil for 5 min. Cool, dilute to 1 liter, and 
mix. 

(k) Standard Cobalt Solution (1 ml. = 0.4 mg. Co).-Dissolve 0.200 g of high- 
purity cobalt (containing less than 0.1% each of Ni, Cu, and Mn) in 15 ml of 
HNO 3 , add 50 ml. of water, and boil for 5 min. Cool, dilute to 500 ml., and mix 

Preparation of Calibration Cnrve.-{a) By means of pipets, transfer 5 10 15 
20, and 25 ml. of nickel solution (1 ml. = 0.01 mg. Ni for 1-cm. cells and'l ml =’ 
0.0060 mg. Ni for 2-cm. cells) to 50-ml. volumetric flasks. Add 5.0 ml. of ammonium 
citrate solution to each flask and mix. Add 5 ml. of iodine solution to each flask 
and mix. (Prepare a duplicate at each level of nickel.) 

(5) At each nickel level add 10 ml. of NH 4 OH ( 1 : 1 ) to one set to be used as a 
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reference solution, and 10 ml. of dimcthylglyxominc solution to the other set, agi- 
tating during tlie addition. Dilute each solution to volume, stopper the flask, and 
mix. 

(c) Measure the transmittance of the test solution, 10 min. after adding the 
diraethylglyoxime, against tlie reference solution, at 540 m/t. Convert the transmit- 
tance to absorbance, A = log 1/T. 

(d) Transfer 15 ml. of water and 0.5 ml. of HCIO^ to each of two 50-ml. volu- 
metric flasks; prepare one solution as a reference solution and the other as a test 
solution and proceetl according to Paragraph (/i), and then add NH^OH (I;l) and 
dimethylglyoxime solution in accordance tvith Paragraph (b). Record the ab- 
sorbance as the reagent blank. 

(e) Fill the two cells with a reference solution and measure the transmittance 
at 540 m/i, convert to absorbance, and record as the cell correction. 

(j) Apply the cell correction to the absorb.incc values obtained in Paragraphs (c) 
and (d). Subtract the corrected absorbance for the reagent blank from the cor- 
rected gross absorbance (Pamgraph (c)). 

(g) Calculate the ratio, mg. Ni/W, at cadi level of nickel. If the ratios are con- 
stant, within experimental error, calculate the average value of the ratios to find 
the factor to apply to convert absorbance to milligrams of nickel. If die ratios ire 
not constant, or if for other reasons it is desirable, plot the values obtained 
against milligrams of nickel per 50 ml. of solution. 

Evaluation of Copper Interference (Note 18).— (a) Transfer 5.00 ml. of nickel 
solution (1 ml. = 0.016 mg. Ni) and 10.0 ml. of iron solution (1 ml. = 5.0 mg. Jre) 
to each of four 50-ml. volumetric flasks. Transfer 5.0 ml. of copper solution (1 
ml. = 0,1 mg. Cu) to each of two of the flasks. 

(b) Add 5.0 ml. of ammonium citrate solution and 5 ml. of iodine solution to 
each flask. Treat the two solutions containing nickel, and. in turn, the two solu- 
tions containing nickel plus copper, in accordance with the section on preparation 
of calibration curve, (fc) and (c), using 2-cm. cells. 

(c) Subtract the absorbance value obtained for nickel from that found for nickel 
plus copper and calculate the copper correction factor as follows: 


/•(Cu) = 


FX 


A{Cu) 

0.5 


where F — factor, mg. Ni/A (2-cm. cells), and 
A(Cu) = absorbance due to 0.5 mg. of copper. 

Evaluation of Ma7iganese Interference (Note i5).— Transfer 5.00 ml. of nickel 
solution (1 ml. = 0.016 mg. Ni) and 10.0 ml. of iron solution (1 ml. = 5.0 mg. Fe) 
to each of four 50-ml. volumetric flasks. Transfer 5.0 ml. of manganese solution 
(I ml. = 0.1 mg. Mn) to each of two of Ute flasks. Proceed in accordance with the 
section on evaluation of copper interference, (b) and (c), with manganese sub- 
stituted for copper, to determine the manganese correction factor, /(Mn). 

Evaluation of Cobalt Interference (Note 18).— (a) Transfer 5.00 ml. of nickel 
solution (I ml. = 0.016 mg. Ni) and 10.0 ml, of iron solution (1 ml. = 5.0 mg. Fe) 
to each of four 50-ml. volumetric flasks. Transfer 5.0 ml. of cobalt solution (1 ml. 
= 0.4 mg. Co) to each of two of the flasks. Proceed in accordance with the section 
on evaluation of copper interference, (b). 

(b) Subtract the absorbance value obtained for nickel from that found for nicke 
plus cobalt and calculate the cobalt correction factor as follows: 
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^(Co) 

F(Co)=EX-^ 


where F — factor, mg. Ni/.4 (2-cm. cells), and 
d(CQ) = absorbance due to 2.0 mg. of cobalt. 

Procediire.-ia) Transfer the sample (Table 24-3) to a 200-ml. borosilicate glass 
volumetric Hash, add 8 to 10 ml. of HCl (1:1), and heat until the sample is decom- 
posed. Add 3 to 4 ml. of HNO.,. and 10 ml. of HCIO^. If the silicon content of 
the sample is more than 1%, add 2 to 3 ml. of HF before adding the HC10.{.^ 

(fe) Fume to expel HCl and HNOj^ and, if tungsten is piesent, fume until the 
tungstic acid is bright yellow. Cool, add 50 ml. of water, and digest to dissolve the 
salts. 

(c) Cool, dilute to volume, and mix. Allow insoluble matter to settle, or dry- 
filter before taking aliquots (Note 19). 

Note 19.— Deposits of silicic acid or tungstic acid that cling to the walls of the flask can 
be removed by means of NH 4 OH: it may, however, be desirable to dissolve the samples 
and fume with HCIO 4 in an Erlenmeyer flask or a covered beaker. 


(d) Transfer identical aliquots (Table 24-3) to each of two 50-ml. volumetric 
flasks. If necessary (see Table 24-3), add 5.00 ml. of the nickel solution (1 ml. = 
0.016 mg. Ni). Add 5.0 ml. of ammonium citrate solution and 5 ml. of iodine solu- 
tion to each solution. Proceed in accordance with the section on preparation of 
calibration curt'e, (b), (c), and (/). 

(e) Calculate the percentage of nickel as follows: 


Nickel, per cent 


where A 

F 
B 

Vi 

Vo 

w 

Cu, per cent 
F{Cu) 
Mn, per cent 
T(Mn) 
Co, per cent 
FiCo) 


[(A XF)- B]Vi X 100 
VoX W 


— Cu, per cent X F (Cu) 


— Mn, per cent 


X F'(Mn) — Co, per cent X F{Co) 


= corrected absorbance, 

= factor, mg. Ni/A, 

= nickel added, in milligrams, 

= dilution of sample solution, in milliliters, 
= aliquot of sample solution, in milliliters, 
= sample weight, in milligrams, 

= copper in the sample, in per cent, 

= copper correction factor, 

= manganese in the sample, in per cent, 

= manganese correction factor, 

= cobalt in the sample, in per cent, and 
= cobalt correction factor. 


CHROMIUM 

THE PERSULFATE OXIDATION METHOD 
Reagents, (a) Sulfuric-Phosphoric Acid Mixture.-Add slowly, while stirrina^, 320 
ml. of H0SO4 (1:1) to 600 ml. of water. Cool, and add 80 ml. of H.,p 6.. ° ' 

(b) Silver Nitrate Solution (10 g. per liter), ^ 

(c) Ammonium Persulfate Solution (150 g. per liter).-Prepare fresh as required. 

(d) Standard Ferrous Ammonium Sulfate Solution (0.08 Nl.-To obtain the ratio 



700 ALLOYS: IRON AND STEEL 

of the ferrous ammonium sulfate solution to tlic KiMn04 solution (Paragraph (e)) 
take 25 ml. of the ferrous ammonium sulfate solution, dilute to 350 ml. witJi coo! 
H2SO4 (5:95), add 2 ml. of H3PO4, and titrate with the KiMnO^ to a faint persisteiu 
pink tint. Determine the blank on the same volume of water and acids, deduct 
and calculate the volume of KA/nO^ that is equivalent to 1 ml. of the ferrous am- 
monium sulfate solution. The ratio of the ferrous ammonium sulfate solution to 
the KMnO^ must be determined daily unless the ferrous solution is kept under 
hydrogen. Stronger solutions of ferrous ammonium sulfate and KMiiO^ may, 
of course, be prepared for use with Ingli-chromium steels. Approximately 0.1 N 
solutions arc desirable with material containing over 3% drronuum. 

(e) Standard Potassium Permanganate Solution (0.06 IV). 

Procedure. 1. Chromiuui Steels.— {a) Transfer 2 g. of tlje sample, for steels con- 
taining less than 2% chromium, to a 600-ml. beaker and add 60 ml. of the HjSO^- 
H3PO4 mixture. Heat until actioir ceases, cautiously add 10 ml. of HNO3 
and boil until all carbides aic dissolved and brown fumes have been expelled. 
With steels containing between 2 and 5% chromium, dissolve I g. of the sample, 
evaporate until salts separate, dilute with alioui 50 ml. of warm water, add 5 to 
10 ml. of HNO3, and again carefully evaporate until salts separate. If carbides 
still persist, filter, wash the paper with warm water, ignite the paper and residue, 
fuse with NajCOg, and add the solution of the melt 10 the main solution. 

(b) After the sample is completely dissolved, dilute to 300 ml. witli hot water and 
add 5 ml. of AgNO.., (10 g. per liter) and 20 ml, of (NH4)2S20g (150 g. per liter). 
Boil the solution for 8 to 10 min. If the color of perm.nig.inrc acid does not de- 
velop, add more AgNO^ and (NH4)2Sj03, and again boil for 10 min. Add 5 ml. 
of HCl (1:3) and continue the l)oiIing for 5 min. iiftcr the pink color has just dis- 
appeared, If the permanganic acid color Is not destroyed by boiling for 10 min., 
or if a precipitate of AfiiOj remains, add 2 to 3 ml, more of HCl (1:3) and boil as 
before. The total period of boiling after the addition of (NH4)2S20g shall be not 
less than 15 min., 30 min. will do no liarm, provided the volume is maintained at 
approximately 300 ml. by the addition of hot water at intervals. 

(c) Cool the solution, dilute to *100 ml., and add a measured volume of 0.08 A' fer- 
rous ammonium sulfate (25 ml. for steel containing under 1,5% chromium, 50 ml. 
for 1.5 to 3% chromium, etc.). Stir and titrate witli the 0.06 A' KiMn04 until an 
end point is obtained that persists, upon continued siiiring, for 1 miu.®^ 

(d) Tile titration must be corrected for dilution effect and color interference. 
The correction may be made: (/) empirically; (2) by titrating tlie same volume of 

62 111 the absence of Cungslen, the end point may be obtained by poleiuioinctric titra- 
tion i\ith staiulard ferrous animoniiim siilfaic solution. In this case, the ferrous solution 
is staiulaidized nith lecristallized KjCi Ox- Vanadium is included in this titration. H 
present, it must be detci'mincd and subtiactcd from the appaieiu chromium value (va- 
nadium. per cent x 034 = chromiijm, jKr cent). With liiiigsieu steels the potentiometnc 
procedure is modified by omitting ILPO. and oxidizing tungsten to tungstic acid witft 
HNO 3 (when H-,P 04 is aihled to hold liingstcn in solution the poteiUiometric end point 
with FeS 04 is difficult to detect). 

63 In the aliseiice of vanudnim the fust end jxiint is pemiancnt, but if lanauiuni is 
present, the end point will fade at first, owing to the slow oxidation of vanadium from me 
quadrivalent to the quinquevaleni stage in a cold solution. 

64 In this correction the dilution effect is ignored and the volume of KMn 04 used in over- 
coming the green color is taken as equivalent to 06% of the chromium present, inc 
correction is usually applied to the chromium equivalent of the solution, as. for exampi . 
by using the equivalent 0 01744 g. instead of 001734 g. of chromium per milliliter ot 1 i 
ferrous ammonium sulfate solution. 
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0 08 N ferrous ammonium sulfate in a solution of like volume and acidity aiid 
containino- the same amounts of the coloring elements in their final valencies, oi 
m by a second titration of the final solution. The last method is the mos con- 
Lnient and satislactory in occasional analyses, and may be performed by boiling 
the solution that has just been titrated for 10 min. in order to destroy the ig 
excess of permanganate, cooling to room temperature, and then Jith 0.06 

N KMnO^ to the color that was originally taken as the end point. The titrated 
solution may be reserved for the determination of vanadium. 

(e) Calculation.-Calculate the percentage of chromium as follows; 


Chromium, per cent — 


[AB - (C- Z>)j£ X 0.01734 


X 100 


where A = milliliters of ferrous ammonium sulfate solution added (Paragraph (r)),^ 

5 = milliliters of KN'InO^ solution equivalent to 1 ml. of the ferrous ammonium 
sulfate solution, 

C = milliliters of KMn 04 solution required for titration (Paragraph (r)), 

Z) = milliliters of KMn0.i solution required for the end point correction (Para- 
graph ((/)), 

E = normality of the KMnO^ solution, and 
F = grams of sample used. 


2. High-Chromium, High-Nickel Steels.— (a) Transfer 0.5 g. of the sample to a 
600-ml. beaker and add 75 ml. of H._,SOj, (1:4). When solution is complete, evapo- 
rate until salts just separate, cool, dilute to 70 ml., and dissolve the iron salts. 
Oxidize the iron by the cautious addition of HNOg, Add 3 to 4 drops of HF and 
again evaporate to incipient fumes of PLSO^. Cool, dilute to 300 ml. with hot 
water, add 10 ml. of AgNOg (10 g. per liter) and 15 g. of (NH,j)gSo 03 , and boil the 
solution for 10 to 12 min. Add 5 ml. of HCl (1:3) and complete the determina- 
tion as described in Section 1 above. Stronger solutions of ferrous ammonium 
sulfate and KMnO^ are more convenient for use with high-chromium steels. 

(b) The visual end point in high-chromium steels can be detected more easily when 
oxidation-reduction indicators are used, that is, 1,10-phenanthroline ferrous complex 
for the ferrous ammonium sulfate-potassium permanganate titration (Section 1) or 
diphenylamine sulfonic acid widi a ferrous ammonium sulfate-potassium dichromate 
titration. With 1,10-phenanthroline (1 to 2 drops of the 0.025 M indicator) the 
end point in the ferrous ammonium sulfate-potassium permanganate titration is 
indicated by the change in color from pink to clear green (persisting for 60 sec.). 
With diphenylamine sulfonic acid, the chromic acid is titrated with the ferrous 
ammonium sulfate solution to a clear green end point. The ferrous ammonium 
sulfate solution in this case is standardized against either a standard chromium 
steel or pure KoCrgO^. Vanadium, if present, will also be titrated with both indi- 
cators as in the potentionaetric method. When 1,10-phenanthroline is used, the 
vanadium may be determined in dre same solution, after the initial end point is 
obtained, by reducing the acidity of the solution with 23 g. of sodium acetate and 
titrating slowly at 50-0. with 0.06 N KMnO^ to the green end point 

3. Cast Iron Contaming Over 0.15% Chromium.-la) Transfer 2 of the samnle 
to a 600-ml. beaker and add 60 ml. of the H.,SO,-HgPO, mixture. Heat until ac 
non ceases, add 15 ml. of HNOg (1:1), and boil until brown fumes have been ‘ ' 


ex- 


pelled. Evaporate until salts separate, dilute with about 50 ml. of warm water and 
digest until salts are dissolved. Filter and wash the paper with warm water. If 
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chromium is less than 0.75%, the residue will be practically free of chromium. To 
recover any insoluble chromium, ignite the paper and insoluble matter until all 
carbon is consumed. 

(b) Treat die residue with HF and H 2 SO 4 , fuse with NajCOg, and add the solu- 
tion of the melt to ilte main solution. To the combined solutions add 5 ml. of 
AgNOg (10 g. per liter), dilute to 300 ml, with boiling water, and complete the 
determination as described in Section 1. 

V. High-Nickel Chromium Alloy Cast Iron (15% Nickel, 6% Copper, 2% Chro- 
mium; etc.).Transfer 2 g- of the sample to a 500-ml. Erlcnmeyer flqsk and add 20 
ml. of a mixture of equal parts of HCl and HNO 3 , Heat until action ceases. 
Then add 15 ml. of HCIO 4 and 5 drops of HF, and evaporate to white fumes on a 
hot plate. Fume 1 to 2 min. over an open flame and then 10 min. more on a hot 
plate. Cool somewhat, add 50 ml. of water, and transfer to a 600-ml. beaker. 
Add 20 ml. of HjSO^, dilute to 300 ml., and complete the determination as de- 
scribed in Section 1. 


THE COLORIMETRIC METHOD 

Reagents, (a) Sodium Hydroxide-Sodium Sulfate Wash Solution.— Dissolve 20 g. 
of NaOH and 10 g. of Na^SO^ in 1 liter of water. 

(b) Standard Potassium Dicliromatc Solution (1 ml. a 0.0001 g. Cr). 

(c) Color Standards.— Prepare solutions containing approximately the same con- 
centrations of chromium and alkali as the solution of the sample that is to be com- 
pared with them. Solutions containing from 2 to 10 g. of NaOH and I mg. of 
chromium per 100 ml. arc suitable. The color st.indards should be freshly pre- 
pared before using. 

Procedure. I, Carbon Steels and Other Steels Co«/n/«»ig Under 0,15% Chro- 
mium.— (a) Transfer 10 g. of the sample®* to a 500-ml. Erletmieyer flask and add 
110 ml. of H 2 SO 4 (exactly 1:9). Heat to boiling, boil until reaction is complete, 
and then dilute with 100 ml. of boiling water. Add NaHCOg (80 g. per liter) 
from a buret until a permanent ptecipitate appears (approximately 36 ml. with car- 
bon steels) and then 4 ml. in excess. Boil for ] min., let settle, filter on a rapid 
filter, quickly wash the flask, and precipitate 2 or 3 times with hot water. If the 
precipitation has been pioperly performed, there will be no more precipitate than 
can be conveniently handled on an 11-cm. paper. The filtrate will become cloudy 
in the funnel stem and in the receiving vessel on account of oxidation and hy- 
drolysis. 

(fa) Ignite the residue in a nickel or iron crucible (low in chromium) and fuse 
with 10 or 12 times its volume of NaoO.. (low in chromium). Dissolve tlie cooled 
melt by immersing it in 100 ml. of cold water. Remove the crucible, add 1 g. o£ 
NagOg, and boil for 5 to 10 min., or allow to stand on a steam bath for 30 min. 
Filter through an asbestos pad,®® preferably on a small Biicliner funnel, and wash 
with cold NaOH-NajSO^ wash solution. 

(c) Dilute to a measured volume and compare Uie color with color standards con- 
taining approximately the same concentration of cJiromium and alkali. 

65 Larger or smaller samples may be taken, but the volume of add shall be varied ac- 
cordingly. A good rule to follow is to use the equivalent of I ml. of H 2 SO 4 for eacn g- 
of steel and then add 1 ml. in excess. ’ . ,1 c i p 

08 Asbestos is more satisfactory than filter paper. If paper is used, it shall hrst 
washed thoroughly with a solution of NaOH «0 g. per liter) in order to remove soluDi 
organic matter. ' 
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(d) If the color of the unknown solution is too deep for convenient colorimetric 
comparison, the solution may be boiled thoroughly to decompose all the peroxide, 
acidffied, and titrated as described in Paragraph (c) of the Persulfate Procedure 
2. Cast Iron Containing Under 0.15% Chromium, Open-Hearth Iron, Wrought 
Iron, and High-Silicon Steels.-Betermine chromium in accordance with the pro- 
cedure described in Section 1. 


VANADIUM 


THE ELECTROLYTIC SEPARATION METHOD 

Apparatiis.-The mercury cathode separation serves as a means of quantitatively 
removing iron, chromium, zinc, nickel, cobalt, tin, molybdenum, copper, bismuth, 
silver, and other ions from solution.«‘ Only partial separations of manganese, 
antimony, arsenic, and ruthenium are obtained.®® The separation is accom- 
plished by reducing the ions electrolytically and causing them to amalgamate with 
die mercury pool that seiwes as cathode. Electrolysis is generally carried out in a 
sulfuric acid or perchloric acid solution that is free of chlorides and nitrates. The 
presence of large quantities of salt is undesirable because it slows down the reduc- 
tion process. The most rapid electrolysis is obtained if the solution pH is about 
1.5 and if solution and mercury are stirred during the process. The d.c. cunent 
should be 3 to 5 amp. with a voltage of 6 to 15 across each cell. 

A simplified form of mercury cathode cell consists of a 400-ml. beaker containing 
30 to 50 ml. of mercury to act as the cathode, and a platinum wire ring to act as 
the anode. The mercury is connected to the negative terminal by means of a 
mercury-filled, platinum-tipped glass-tubing electrode. The anode is placed as 
close to the surface of the solution as possible. A suitable source of direct current 
is required. 

A more convenient form of the apparatus is that recommended by Melaven,®® and 
is shown in Fig. 24-9. With this apparatus, the electrolyte is removed from the 
cell through the stopcock, which eliminates the necessity of siphoning off the solu- 
tion, as is required with the simplified cell. 


Reagents, (a) Potassium Ferricyanide Solution.-Prepare a very dilute solution 
as needed by dissolving a crystal the size of the head of a pin in 25 ml. of water. 

(b) Potassium Permanganate Solution (25 g. per liter). 

(c) Standard Potassium Permanganate Solution (0.03 N). 

Procedure. I. Vanadium Steels.-(a) Transfer 2 g. of the sample to a 800-ml 
Erlenmeyer Hast, and add 30 ml. of H,SO, (exactly 1:9). When action is com^ 
plete, dilute to 100 ml. rvith hoiling water and heat to boilinj;. tyrftate »enti, 
while adding NaHCO, (SO g. per liter) from a buret until a permanent pteci°pitate 
IS formed, and then .add 4 ml. more. Cover the flask, boil for 1 min,. .aL let the 
precipitate settle. Filter rapidly, conveniently by moderate suction through a 
cone and paper containing some paper pulp, and wash the flask and precipitaK 
4 or 5 times w.th hot water. The flltrate will become cloudy in the funneUmrn 

Jolm^WHe'y'aiS £nr,"ln"!'N^!fvOTk Chemical Analysis, 

J- APPIM I„- 

••McLaveii.’A.D, Electrolytic Ce L Ijni Sh h^^ 'o' 

Anal. Ed., 2, 180, 1930. Mercury Cathode. Ind. Eng. Chem., 
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and receiving vessel because of oxidation and hydrolysis of the iron, but ihi ’ 
no consequence. ’ * is ol 

{b) Place the paper and precipitate in die original flask, add 5 ml of H..SO 
warm, and shake until the paper has broken up. Add 20 ml. of HNO and 1 
over a free flame to dense white fumes. Cool and, if organic matter is still presim 



. 24-9 MeLivcn r)pc Metcitry Catliodc Cell. //, glass icssch li, luo-ivay stopcock, 
yiue-Dcire; C, Iciclmg bull): D. glass tubing constricted in same manner as a buret tip: 
ii, pJaiinuin gaii/e oi coiled platinum uirc; /, narrow glass lube foi imiodiitiioii of air 
to stir llie cicciiohtc and mcrcuis fa motor-diucii stincr can be used instead) 


add more HNOg and repeat the treatment. Finally cool, wash down the flask, 
and repeat the evaporation to dense white fumes to ensure the complete elimina- 
tion of HNOg. Cool, dilute to 40 ml.,*® neutralize die solution with NH4OH, 

u is present, the solution must be filtered, the tungstic add washed with 

H2SO4 (1:99), and its vanadium content determined colorimelrically and added to that 
lomid by titration. The coloritnelric test shall be made as follows: dissolve the tungstic 
acid in a solution of NaOH, or fuse the ignited impure oxide with NajCOs and extiact 
the melt with water; filler if not dear, and dilute to 75 to 100 ml.; add H.{P04 (1:1) 
until acid, then a 5-ml. excess, and let stand for 1 to 2 hr.; compare the )eIlow solution of 
vanadotungstic acid vyith a standard prepared by adding from a buret a standard solution 
of van^otungstic acid to water until the intensity of color in the solution is the same 
u solutions are of equal volume. The standard solution of vanadotungstic aad 

shall be prepared as follows: dissolve 23 g. of sodium tungstate and enough sodium vana- 
date to give exactly 0 05 g. of vanadium in 100 ml. of water: dilute to 200 ml; add 25 ml. 
of H3PO4 (1:1); and dilute to exactly 500 ml. Ammonium salts cannot be used as they 
give rise to turbid solutions. If only ammonium vanadate is available, dissolve it m 
water, expel all ammonia by boiling with a slight excess of NaOH, and acidify with 
vanadium held by the tungsten approximates 001 nig. of vanadium per 
0.01 g. of tungsten, and in routine analyses the coriection is made by calculation, that is, 
0.018% vanadium is added for an 18% tungsten steel. 
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add H0SO4 until acid, and then add an excess of 0.5 ml. of HoSO^ per 100 ml. of 

(c) Transfer the solution to a mercury cathode cell, rinsing the flask with small 
portions of water. The cathode wire shall be embedded in about 200 g. of mercury, 
and the solution electrolyzed at a current density of approximately 0.16 amp. per 
sq. cm. while stirring or agitating the solution. Continue the electrolysis until iron 
is absent, as indicated by a ferricyanide test on a small drop of the electrolyte. 
This should not require more than 45 min. When nil the iron has been removed, 
draw off the electrolyte, and wash the mercury two or three times with water while 
continuing the current.'^ In tliese operations care shall be taken to prevent any 
amalgam f^rom passing into the electrolyte."- 

(d) Add 2 to 3 ml. of H.SO4 (1:1), heat to 70“ to 80“C., and add KMnO^ (25 g. 
per liter) until a deep pink color appears. Heat to boiling, and pass a current of 
SOo into the solution until the vanadium is reduced (2 to 5 niin.).^^ Continue the 
boiling, and pass a rapid stream of CO^ (free of O^) through the solution until it 
is free of SOo. This may be ascertained by passing the gas issuing from the flask into 
5 ml. of water containing a drop of H0SO4 (1:1) and enough KMnO^ to give a 
faint pink tint. 

(e) Cool the solution to 60“ to 80“C., and titrate with 0.03 N KMnO^. Repeat 
the reduction and titration until concordant results are obtained. 

(f) Blank.— Correct the titration by a blank determination (usually amounting 
to about 0.1 ml. of 0.03 N KMn04) on a solution of like volume and acidity. 

(g) Calculation.— Calculate the percentage of vanadium as follows: 


Vanadium, per cent = 


(A - B)C X 0.051 
D 


X 100 


where A = milliliters of KMn04 solution required to titrate the sample, 
B = milliliters of KMnO^ solution required to titrate the blank, 
C = normality of the KMn04 solution, and 
D = grams of sample used. 


2. Cavbon Steels, Cast Ivon, Open-Heavtli Ivon, and VVvoiight Ivon , — Determine 
vanadium in accordance with the procedure described in Section 1, e.xcept that 5 g 
of tire sample shall be dissolved in 60 ml. of H^SO^ (exactly 1:9). ^ 


mercury, transfer it to a large flask, add diluted HNO.4 (1:9) containing 
a little NaNOo, and agitate the mercury by drawing air through it for several hours Rp° 
move the acid, add a fresh portion of acid, and agitate agai.n Draw Tff the seconcl p^r^ 

remove allli’cidl^ agitation. Repeat the treatment with wate? to 

usually necessary, because of the brittle chromium nml 
gam, to filter the electrolyte through a rapid filter and wash with water. 

‘3 The direct use of a solution of HoSOg or an alkali sulfite is unwise unless it has been 
freshly prepared, for after a lapse of time thev contain ovirUynKi., J ® ” 

H0SO3 or a sulfite. Sulfur dioxide is most conveniently used from cylinder of^^t^ 
liquefied gas, or it may be obtained as wanted by heating a flask mnfv - 
of H2SO3 or a sulfite to which H2SO4 (1:1) is added. ^ ^ ^ containing a solution 
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REDUCTION WITH FERROUS SULFATE AND TITRATION 
WITH PERMANGANATE 

Reagents, (a) Standard Ferrous Ammonium Sulfate Solution (0.03 N). 

(b) Potassium Ferricyanide Solution. 

(c) Ammonium Persulfate Solution (150 g. per liter), 

(d) Standard Potassium Permanganate Solution (0.03 N). 

(e) Cupferron Solution (60 g. i)er liter).— Dissolve 6 g. of cupferron in 80 ml. 
of cold water, dilute to 100 ml., and filter. This reagent shall be freshly prepared 
as needed. 

3. Cliromium-Vaiiadiutn Steels.— (a) To the solution reserved from the determi- 
nation of chromium, add 5 ml. of HjPO^, unless the solution .already contains it, 
and tlien add 15 ml. of 0.03 ferrous ammonium sulfate (1 ml. will reduce 
0.0015 g. of vanadium) if vanadium is under 0.8% and proportionately more if 
tlie percentage exceeds tliis amount. If enough has been added, a drop of the 
solution will give immediately a blue color wiili a drop of fresh K3Fe(CN)5 solu- 
tion. Stir the solution thoroughly, add 8 ml. of freshly prepared (NH4)2S20g (150 
g. per liter), and stir for 1 min. Titrate with 0.03 M KMnO| to a definite pink tint 
tliat does not fade upon continued stirring for I min. 

(b) Blank.— Subtract the same blank as was obtained in the determination of 
chromium. If a correction for the end point has not been determined in a prior 
determination of chromium, the blank shall be obtained at Uris point as follo^vs: 
boil the solution for 10 to 12 mi'n. to destroy tlie slight excess of KM11O4; cool to 
room temperature; and titrate with 0.03 A' KMiiO^ to the same tint as was obtained 
before. The volume required represents die blank.*® The vanadium may then 
again be reduced by an excess of ferrous ammonium sulfate and die solution 
treated with {NH4)2S20j, etc., as a dtcck on Uie first titration. 

(c) Calculation,— Calculate the percentage of vanadium as follows; 


Vanadium, per cent = 


(A - i?)CX 0.051 
D 


X 100 


where A =* m'll'iiTiters o! RhlnO* solution required to titrate die sample, 

B — milliliters of KMnO^ solution required to titrate the blank, 

C ~ normality of the KMnO« solution, and 
D — grams of sample used. 

4. Chromium-Tungsten-Vanadium Steels.— (a) Transfer 2 g. of the sample to a 
600-ml. beaker, and add 100 ml. of H..SO4 (1:9). Heat until action ceases, add 
10 ml. of HNO3 (1:1) and 4 ml. of HCI (1:1), and boil the solution gently for about 
30 min. or until the tungsten has been oxidized to yellow tungstic acid. Stir fre- 
quently to break up die film adhering to the sides and bottom of the beaker. 

Where apparatus for potentiomctric titration is available (Figs 24-5 and 24-6), 
lion with HNO3 is a very satisfactory method for the dcienninauon of vanadium, par 1 
larly for chiomium-tungsten-vanadium steels. The sample is treated with 100 m . 
H2SO4 (1:4) and then with HNO.j to oxidize iron (and tungsten). After , ,,,3. 

ml. and addition of 40 ml. of HNO3, the solution is boiled for 1 hr. at such * .. 

the volume will not drop below 100 ml., or preferably 115 nil., cooled to 8® to 10 , 

luted to 300 ml., and titrated potentiometrically with ferrous ammonium sulfate- 
tsThe blank may also be obtained by means of a standard steel of known vana 
content and containing about the same amount of cliromium as the test sample- 
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Dilute to 100 ml., alter through a close-texture paper and wash with HoSO, 
(l:200).?o Dilute the Hltrate to 300 ml., add 5 ml. of H 3 PO 4 , and then add KMnO^ 

until the solution is pink. ,11 

(b) Add 15 ml. of 0.03 N ferrous ammonium sulfate and complete the determina- 
tion as described in Section 3. ^ r , r .1 

i. Carboji Steels Containing Under 0.05% Fmmdium.-Transfer 10 g. of the 
sample to a 500-ml. Eiienmeyer Hask, make a bicarbonate separation, fuse, and 
dissolve the melt as described in Section 1 (a) and {b) of the colorimetric method 
for chromium, p. 702. Acidify with H 0 SO 4 and H 3 PO 4 and complete the titration 
as described in Section 3. 

6. High-Chromium, High-Nickel Steels.-{a) Transfer 10 g. of the sample (under 
0.05% vanadium) to a 400-ml. beaker, add 250 ml. of HoSO^ (1:9), and heat gently 
until action ceases. (For vanadium steels, use 2 g. of the sample and 150 ml. of 
H 0 SO 4 (5:95).) Cool the solution to 15“C., dilute to 500 ml. with water at the same 
temperature, and add two pieces of paper pulp % in. thick by 1 in. square, macerat- 
ing the paper dioroughly. Then add drop by drop, while stirring constantly, cold 
cupferron (60 g. per liter) until the precipitate just assumes a reddish brown color. 
Filter, through an 11-cm. paper containing some paper pulp, and wash 10 to 
12 times with cold H 2 SO 4 (1:99). 

(5) Transfer the paper and contents to the original beaker, and add 20 ml. of 
HNO3 and 10 ml. of FI2SO4. Evaporate to dense white fumes. Cool, add 10 ml. 
of HNO3, and again evaporate to dense white fumes. Cool, dilute to 300 ml,, add 
3 ml. of H 3 PO 4 (85%), and then add KMn 04 until the solution is pink. 

(c) Add 15 ml. of 0.03 N ferrous ammonium sulfate and complete the detennina- 
tion as described in Section 3. 

7. Cast Iron Containing Under 0.05% Vayiadium, Open-Hearth Iron, Wrought 
Iron, and High-Silico7i Steels.— Determine vanadium in accordance witli the pro- 
cedure described in Section 5. 


MOLYBDENUM 

THE ALPHA-BENZOINOXIME METHOD ^0 

Reagents, (a) Boric Acid Solution (40 g. per liter). 

(b) Alcohol Solution of alpha-Benzoinoxime (20 g. per liter).— Dissolve 10 g of 
alpha-benzoinoxime in 500 ml. of ethanol or methanol. Filter if not clear 

(c) Alpha-Benzoinoxime Wash Solution.-Dilute 25 to 50 ml. of alpha-benzoin- 

oxime (20 g. per liter) to 1 liter with cold rt.SO, (1:99). This solution shall be 
freshly prepared before using. 

(d) Cinchonine Solution.— Dissolve 125 g. of cinchonine in 1 liter of HCl HTl 

(e) Cinchonine Wash Solution.-Dilute 30 ml. of cinchonine solution to 1 liter 
Procedure. 1. Molybdenum Steels.-{a) Transfer 1 to 3 g. of the samnle to 

600-mL beaker, add 50 ml. of H2SO4 (/:6), and warm unti! action ceL7 cL- 
fully add just enough HNO3 ^ decompose carbides and to oxidize iron -ind molvb 
denum. Add 2 to 4 drops of HF, mix, and dren add 10 ml. of borii aeid pt 
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liter).'* Boil for a few minutes, and filter if the solution is not perfectly clears 

(b) With some chromium steels, the acid-itisoluble residue may contain small 
amounts of molybdenum. In this case, filter, ignite at as low a temperaiuie as pos- 
sible, and fuse slowly (below fiOO^C.) wiiJi KjSjO-. Dissolve the melt in the main 
solution. 

(c) Dilute to 100 ml. with water, cool to 25“C., and add sufficient FeSO^ (0.5 g 
is usually sufficient) lo reduce vanadic and chromic acids. Cool to 5'C., stir, and 
slowly add 10 ml. of the ethanol solution of alpha-bcnzoinoxime (20 g. per liter) 
and then 5 ml. more foi each 0.01 g. of molylideuum present. Continue to sur 
the solution, add 5 to 10 ml. of bromine water, and then add a few more milliliters 
of the alplui-hciiMino'.ime solution. Allow the beaker and contents to remain in 
the cooling mixture 10 min., while stirring occasionally. Stir in a little macerated 
filter pulp, and filter through a rapid paper. If the first jU ml. or so are not entirely 
clear, filter this portion ag.dn. Wash the precijiitatc with 200 ml. of cold alplia- 
benzoinoxime wmsIi solution. On standing, nccdlcllkc cystals will appear in the 
filtrate if sufficient reagent has been used. 

(d) Transfer the piccipitate and jiapcr to a platinum crucible and dry cautiousi). 
Char, without inflaming, and ignite at yOO* to 525®C. Cool, weigh, and repeat the 
heating until tlie weight remains constant. Treat the ignited residue with 5 ml of 
NH^OH, digest, and filter through a small paper. Wash well with NH^OH (1:99). 
Ignite the paper and contents in the original crucible, cool, and weigh. The dit* 
lerence in weights represents the M 0 O 3 present. 

(e) Tungsten is also precipitated. If present, the ammoniacal filtrate shall be 

treated as follows: Add 5 ml. of (1:1) and evaporaie to dense white fumes 

Cool, dilute to 25 ml. with water, and add I to 2 ml. of cinchonine solution. Digest 
at 80* to 90*C., or jncfcrably o^CTnight at room temperature. Filter through a 
close-texture p.ipcr containing a little paper pulp and wash witlt cinchonine wash 
solution. Transfer the paper and contents to a platinum crucible, char the paper, 
and ignite at 750* 10 850*C. to constant weight. Cool and tveigh. In ^€ry accu- 
rate work, dissolve any residue obtained here and test for molybdenum by the 
colorimetric method. 

(/) CaJeuJai/on.— CaJeuJare ihc perceaiaf’c of mo}ybdeiium as follows: 

(A - 5) X 0.667 ,,,,, 

Molybdenum, per cent — X Wo 

where A = grama of M 0 O 3 (Paragraph (d)), 

B = correction for impurities (Paragraph (e)}, in grams, and 
C = grams of sample used. 

(g) With high-molybdenum, medium-tungsten steel ( 8 % molybdenum, 2% tung- 
sten) the ignited oxides may be weighed, dissolved, and molybdenum determine 
by the M 0 S 3 -M 0 O 3 method (after rcprecipitation of the sulfide). Tungsten is 
then obtained by difference. 

With larger samples (5 lo 6 g) of uUcon steel, It is best lo evaporate the solution, 
dehydrate, and remove Si02 before (reatment with the alpha-benzoinoxime. I 

If the sample is insoluble in this treatment, it may be dissolved in a mixture 0 
and HNOj, HCIO4 added, and the solution evaporated to white fumes. The so 
then diluted and sufficient H2SO3 added to reduce the chromium. After 
excess SO2 and filtering off any silica, the solution is cooled and molybdenum V 
cipitated. 
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(h\ If molybdenum is present in very small amounts (carbon steels), the ipntecl 
precfpitate shall be dissolved in NH,OH and the molybdenum 

determined by the Photometric Method. rnfi ml hanker add 100 

2. Cast Iro 7 i.-(a) Transfer 1 to 5 g. of the sample to a 600-ml beakei, 100 
ml of H,SO, (1:4), and warm. When action ceases, add PINO3 drop by diop 
undl rapid ehen^escence ceases (usually 2 to 5 ml.), and then adcl 2 to ^ clrops m 
excess. Evaporate the solution to dense white fumes, cool somewhat, and add 100 
ml. of water. M^arm until salts are dissolved and filter through a rapid paper. 
Wash the paper witli warm water. 

(b) Dilute the filtrate to 150 ml. and cool to 25°C. Add sufficient FcSO.j to le- 
duce any chromium or vanadium that may have been oxidized by the above treat- 
ment, cool to 5°C., and complete the determination as described in Secuon 1. 

3. Open-Hearth Iron and Wrought /jon.'»-Determine molybdenum in accord- 
ance with the procedure described in Section 1. 


PRECIPITATION AS SULFIDE AND WEIGHING AS OXIDE 

Reagents, (a) Ammonium Persulfate Solution (250 g. per liter), 

(b) Hydrogen Sulfide Wash Solution. — Saturate HoSO^ (1:99) with HoS. 

Procedure. 1. Molybdenum Steels Cojitaining No Tungsten.— (a) Transfer 2 to 

10 g. of the sample (approximately 0.03 g. of molybdenum) to a 600-ml. beaker, 
add 100 ml. of HoSO.j (1:5), and warm. When action ceases, adcl 20 ml. of 
(NH4)oS20g (250 g. per liter) and boil the solution for 8 to 10 min. to oxidize the 
molybdenum and part of the iron. Cool somewhat, add 5 g. of tartaric acid, neu- 
tralize with NH4OH, and add H0SO4 (1:1) until acidified and then 10 ml. in ex- 
cess for each 100 ml. of solution. 

(5) Heat to boiling and pass in a rapid stream of HoS for 10 min. Dilute witli 
an equal volume of hot water, and pass in HoS for 5 min. Digest at 50° to 60°C. 
for 1 hr. Filter, and wash the sulfur and sulfides with HoS wash solution.*^® 

(c) Place the paper and precipitate in the original beaker, add 5 ml. of HoSO.j 
and 20 ml. of HNO3, cover, and heat to dense white fumes. Cool somewhat, add 
10 ml. of HNOg, and again evaporate to dense white fumes. If the solution is 
not clear and of a light color, repeat the treatment with HNO3. Cool, dilute to 
100 ml., and add a slight excess (10 to 12 drops) of NaOH (200 g. per liter). Heat 
to boiling and set aside for 5 min. Filter, and wash the paper and residue with 
hot water. 

(d) Heat the filtrate to boiling and pass in H..S for 10 min. Add H..SO4 (I;l) 
until acidified and then a 4-ml. excess per 100 ml. of solution. Pass H.,S into the 
solution for 5 min. and digest at 50° to 60°C. for 1 hr. Filter through a 9-cm. 
close-texture paper, and wash thoroughly with HoS wash solution. 


The small amounts of molybdenum normally encountered in these materials arc 
piefeiably detenmned by the photometric method described below ^ ^ 

soil! umpire analyses the filtrate shall be boiled to cvn,.] h c -...n i • . 

duce the volume to about 450 ml.; add 20 ml of INH ^ S n %rn 

8 to 10 min., and then pass in a r^pid stream of HoS boil for 

Rltev. wash, and combine with the main predpitate.' ^ for 1 hr., 

boiling to^ expd ^irk^oxidizfng ^ bromm titrate by 

passing HoS into the solution.^ ’ *^0 expel bromine, and again 
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liter). Boil Xor a few minutes, and filter if the solution is not perfectly clear^s 

(b) With some chromium steels, the acid-insoluble residue may contain small 
amounts of molybdenum. In this case, filter, igtiile at as low a temperature as pos- 
sible, and fuse slowly (below 500*C.) with KgSgO,-. Dissolve the melt in the main 
solution. 

(c) Dilute to 100 ml. with water, cool to 25“C., and add sufficient FeSO^ (0.5 g 
is usually sufficient) to reduce vaiiadic and diromic acids. Cool to S'C., stir, and 
slowly add 10 ml. of the ethanol solution of alpha-benzoinoxime (20 g. per liter) 
and then 5 ml. more lor each 0.01 g. of molybdenum ptesent. Continue to stir 
the solution, add 5 to It) ml. of bromine water, and ihtni add a few more milliliters 
of the alplia-benzoino.ximc solution. Allow tlie be.ikcr and contents to remain in 
the cooling mLxiure 10 min., while siiiriiig occasionally. Stir in a little macerated 
filter pulp, and filter through a rapid jsaper. If the first 50 ml. or so are not entire!) 
clear, filler this portion again. Wash the preci])jtaic with 200 ml of cold alpha- 
benzoinoxime wash solution. On staiuling. ncedlclikc cystals uill appear in the 
filtrate if sufficient reagent has been used. 

(d) Transfer the piecipitate and paper to a platijium crucible and dry cautiously. 
Char, without inflaming, and ignite at 500* to 52 j“C. Cool, weigh, and repeat the 
heating until the weight remains constant. Treat the ignited residue with 5 ml. of 
NH^OH, digest, and filter through a small paper. Wash well with NH^OH (1‘.99) 
Ignite the paper and contents in the original crucible, cool, and weigh. The dil* 
ference in weights represents the MoOj present. 

(e) Tungsten Is also precipitated. If present, the annnonincal filtrate shall be 
treated as follows; Add 5 ml. of H^SO^ (1:1) and evaporate to dense sshite fumes. 
Cool, dilute to 25 ml. with water, and add 1 to 2 ml. of cinchonine solution. Digest 
at 80* to y0*C., or preferably overnight at room temperature. Filter through a 
close-texture paper containing a little paper pulp and wash with cinchonine wash 
solution. Transfer the paper and contents to a platinum ciucible, char the paper, 
and ignite at 750* to 85()*C. to constant wciglit. Cool and weigh. In \ery accu- 
rate work, dissolve any lesiduc obtained here and test for molybdenum by die 
colorimetric method. 

(f) Calculation.— Calculate the percentage of molybdenum as follows'. 

Molybdenum, per cent = ~ — X 100 

where A = grams of M0O3 (Paragraph (</)), 

B => correction for impurities (Paragraph (e)), in grams, and 
C = grams of sample used. 

(g) With high-molybdenum, medium-tungsten steel (8% molybdenum, 2% tung- 
sten) the ignited oxides may be weighed, dissolved, and molybdenum determine 
by the MoSg-MoOg method (after reprccipitatioii of the sulfide). Tungsten is 
then obtained by difference. 

77 ^V>th larger samples (5 to 6 g) of siliooii steel, it is best to evaporate the solution, 
dehydrate, and letnove SLOj before tteatinent with the alpha-benzoinoxime. j 

78 If the sample is insoluble in this tiealmciit, it may be dissolved m a )uixture 0 
and HNOg, HCIO4 added, and the solution cv'aporated to white fumes. . .jjg 

then diluted and sufficient H2SO3 added to leducc the chromium. After 
excess SOo and filtering off any silica, the solution is cooled and molybdenum F 
cipitJtcd. 



711 


STEEL AND IRON 

(b\ Add 5 o£ tartaric acid to the filtrate and neutralize the solution with 
NH OH Add 10 ml. of HoSO^ (1:1) for each 100 ml. of solution, heat to boiling, 
a rapid s„eam-of Us L 10 nri,,. Dite wW. an volu^ of 

hot water, and pass in H.S for 5 min. Digest at 50 to 60 C. for 1 hr. Filter, 
and wash the sulfur and sulfides with HoS wash solution. 

(c) Complete tlie determination as described in Section 1 (c) to (g). ^ 

4. Carbon Steels, Open-Hearth Iron, and Wrought Zron.-Determine molyb- 
denum in accordance with the procedure described in Section 1. 


THE PHOTOMETRIC METHOD 

Reagents, (a) Sodium Thiocyanate Solution (50 g. per liter). 

(b) Stannous Chloride Solution (350 g. per liter).— Transfer 350 g. of SnCL- 
9H2O to a 500-ml. Erlenmeyer flask, add 200 ml. of HCl (1:1), and warm (60“ to 
70°C.) until solution is practically complete. Cool and dilute to 1 liter in a volu- 
metric flask with freshly boiled and cooled water. Add a few pieces of metallic 
tin, and stopper. 

(c) Butyl Acetate or Isopropyl Ether: 

(1) Saturate technical butyl acetate with NaCNS and SnCL by shaking; keep in 
a dark bottle. 

(2) Shake 50 ml. of butyl acetate or isopropyl ether with 25 ml. of Fe(S04)3- 
9HoO (80 g. per liter), 10 ml. of NaCNS (50 g. per liter), and 10 ml. of SnCL-^H^O 
(350 g. per liter). Draw off and discard the lower or acid layer. Prepare the 
butyl acetate or isopropyl ether by this method immediately prior to use. 

(d) Ferric Sulfate Solution (80 g. per liter).— Dissolve 80 g. of Fe2(SO^).j'9Pl20 
in water and dilute to 1 liter. 

(e) Standard Molybdenum Solution (1 ml. = 0.0002 g. Mo).— Dissolve 0.5 g. of 
pure Na2Mo04-2H20 in 1 liter of water containing 5 ml. of H.,S04. Aliquots of 
this solution may be diluted to suitable strength for use. 

Standardization.- Standardize in accordance with either method A or B. 


Method A (Volumetric).— Pipet 100 ml. of the molybdenum solution into a 
250-ml. beaker, add 10 ml. of H2SO4 (1:1), and reduce in the Jones reductor as de- 
scribed below. If the Jones reductor has been standing idle, pass 100 ml. of 
H2SO4 (5:95) through it, then some water, and discard the wash solution. Add 30 
ml. of ferric phosphate solution to the reeciver, and then enough water so that the 
tip of the reductor dips beneath the surface of die solution. (To prepare the 
ferric phosphate solution, dissolve 100 g. of Fe2(S04)3 in 1 liter of water to which 
150 ml. of HgPO^ and 20 ml. of H2SO4 (1:1) have been added. Add KMnO^ (25 g. 
per liter) until the solution is just tinted pink.) Draw the mloybdenum solution, 
by gentle suction, through the reductor. Just before the surface of the liquid 
reaches the zinc, add a 50-ml. portion of water, and finally rinse by addin'^ two 
more 50-ml. portions each time just before the surface of die solution reaches the 
zmc. Close the stopcock, disconnect, and raise die reductor as a little water is 
allowed to run through the stem. Rinse the stem and titrate the solution with 0.1 N 
KMnO,. Make a blank determination, following the same procedure and using 
die same amounts of all reagents. 

Method E (Gr<.mmetric),.3., ™_pipe, 25 ml. o£ the molybdenum solution into a 
250.ml, beaker and dilute to 150 ml. Add 1 drop o£ methyl orange indicator (1 g. 

83a This procedure is based on the work of McCav T w t'j, in • u- r^r i 
as Silver Molybdate, J., Am. Chem. Soc., 56, 2548. 19M. ’ of Molybdenum 

ssbThe following method is recommended as an alipmo.: • • , 

staiidardiring molybdenum solution,: Pipet sS^u”!! 
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(e) Transfer the precipitate to a small porcelain crucible, and heat carefully un. 
til carbon is destroyed and then at 500" to 525“C. to constant weight.** Weigh as 

M 0 O 3 . ® 

(/) Test die ignited oxide for impurities by treating with NH^OH. If copper 
is indicated, determine its amount colorimctrically and calculate to CuO. If a 
residue remains, filter, wash with water, ignite, and weigh.** 

(g) Calculation.— Calculate the percentage of molybdenum as follows: 


(.d — i?) X 0.667 

Molybdenum, per cent = X 100 

where A = grams of M 0 O 3 (Paragraph (r)), 

B = correction for impurities (Paragraph (/)), in grams, and 
C = grams of sample used. 


2. Tiingstefi Steels.~((i) Dissolve 2 to 10 g. of the sample (approximately 0.03 g 
of molybdenum) in 100 ml. of HCl (111), cautiously add 20 ml. of HNO 3 (Id), 
and then boil gently until the tungstic acid becomes bright yellow. Dilute to 150 
ml. and heat to boiling. Filler, and wash the residue with HCl (1:9). Resene 
the precipitate. 

(b) Add 15 ml. of to the filtrate, evaporate to fumes of H^SO^, cool, and 

add 100 ml. of water. Digest until soluble salts are in solution. If any tungstic 
acid separates, filter through a small filter, wash witli a little H 25 O 4 (1:99), and 
combine witli Ute reserved tungstic acid precipitate (Paragraph ( 0 )). Small amounts 
of tungsten will not precipitate, but will form a complex with tlie molybdenum 
and be held in solution. 

(c) Add 5 g. of tartaric acid to die dear filtrate and neutralize with NH 4 OH. 
Add H 2 SO 4 (1:1) until acidified, then 10 ml. in excess per 100 ml. of solution, and 
pass in HoS as described in Section I (b). 

(d) Some molybdenum is always carried down by tlic tungstic acid and shall be 
recovered as follows: dissolve die combined tungstic acid residues in a hot solu- 
tion of NaOH (50 g. per liter), and wash the papers with a little water and then 
with a Uule hoi H 2 SO 4 (T.99); add 5 g. of laiiaric acid, then H 2 SO 4 until the 
solution contains 5 ml. per 100 ml., and precipitate wiili HgS as described in Sec- 
tion 1 (h). Filler, wash, combine with die main sulfide precipitate, and complete 
the determination as described in Section 1 (c) to (g). 

3. Cast Iron.— (a) Transfer 2 to 5 g. of die sample to a 600-ml. beaker, add 100 
ml. of H. 2 SO 4 (1:4), and warm. When action ceases, add HNO 3 (1:1) drop by 
drop until rapid effervescence ceases (usually 5 to 10 ml.), and then add three to 
five drops in excess. Evaporate the solution to dense white fumes. Cool some- 
what, add 100 ml. of warm water, stir, and heat until salts are dissolved. Filter 
dirough a rapid paper, catching the filtrate in a 600-ml. beaker. Wash the paper 
well with hot water. 


82 Molybdenum oxide volatilizes at tempciatures abo\e 500*0. but the rate is '^*7 j_ 
at temperatures below 600®C. The heating may be done in a muffle, using a pyro 

for temperature control, or in a "radiator" consisting of a 50-ml. 

taining a disc of asbestos board, 4 mm. thick on the bottom and fitted a i i 

triangle which is bent to fit the inside of the crucible and supported by ^ . . Ujg 

wires over the rim. The crucible shall be placed so that the bottom is 8 cm. a 

top of a Tirrill burner and heated by a flame 12.5 cm. high. . l ][ 

83 If residual amounts of molybdenum are being determined, the deterimna 
be checked by testing the solution of the oxide as described in Pargrapns (c) 
the Photometric Method procedure below. 
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and wash the sulfur and sulfides with HoS wash solution. 

(c) Complete tlie determination as described m Section 1 (c) to 

4! SZ. Open-HearU, Iron, and Wronght I™n.-Determ.ne molyb- 

denum in accordance with the procedure described in Section 1. 

THE PHOTOMETRIC METHOD 
Reagents, (a) Sodium Thiocyanate Solution (50 g. per 

(b) Stannous Chloride Solution (350 g. per liter).-Transfer 350 g. of SnCC- 
2HoO to a 500-ml. Erlenmeyer flask, add 200 ml. of HCl (1:1), and waim (60 ^to 

70°C.) 


C.) until solution is practically complete. Cool and dilute to 1 liter in a volu- 


metric flask with freshly boiled and cooled water. Add a few pieces of metallic 
tin, and stopper. 

(c) Butyl Acetate or Isopropyl Ether: 

(1) Saturate technical butyl acetate with NaCNS and SnCL by shaking, keep in 
a dark bottle. 

(2) Shake 50 ml. of butyl acetate or isopropyl ether with 25 ml. of Fe(SO^).{- 
9HoO (80 g. per liter), 10 ml. of NaCNS (50 g. per liter), and 10 ml. of SnClo-2PIoO 
(350 g. per liter). Draw off and discard the lower or acid layer. Prepare the 
butyl acetate or isopropyl ether by this method immediately prior to use. 

(d) Ferric Sulfate Solution (80 g. per liter).— Dissolve 80 g. of Fe2(SO.j).j-9PLO 
in water and dilute to 1 liter. 

(e) Standard Molybdenum Solution (1 ml. = 0.0002 g. Mo).— Dissolve 0.5 g. of 
pure NaoMo04 ’21120 in 1 liter of water containing 5 ml. of H2SO4. Aliquots of 
this solution may be diluted to suitable strength for use. 

Standardization.— Standardize in accordance with either method A or B. 

Method A (Volumetric).— Pipet 100 ml. of the molybdenum solution into a 
250-ml. beaker, add 10 ml. of H2SO4 (1:1), and reduce in the Jones reductor as de- 
scribed below. If the Jones reductor has been standing idle, pass 100 ml. of 
H2SO4 (5:95) through it, then some water, and discard the wash solution. Add 30 
ml. of ferric phosphate solution to the receiver, and then enough water so that the 
tip of the reductor dips beneath the surface of the solution. (To prepare the 
ferric phosphate solution, dissolve 100 g. of Fe2(S04)3 in 1 liter of water to which 
150 ml. of H3PO4 and 20 ml. of H0SO4 (1:1) have been added. Add KMn04 (25 g. 
per litei) until the solution is just tinted pink.) Draw the mloybdenum solution, 
by gentle suction, through the reductor. Just before the surface of the liquid 
leaches the zinc, add a 50-ml. portion of water, and finally rinse by adding two 
more 50-ml. portions each time just before the surface of the solution reaches the 
zinc. Close the stopcock, disconnect, and raise the reductor as a little water is 
allowed to run through the stem. Rinse the stem and titrate the solution with 0.1 N 
KMn04. Make a blank determination, following the same procedure and using 
me same amounts of ail reagents. 

25 ml. of Uio molybdenum solution into a 
260-ml. beaker and ddute to 150 ml. Add 1 drop of methyl orange indicator (1 g. 

Mi."’ - 


as 
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per liter) and Uieii neutralize die M>lutioii with NaOH (200 g. per liter) until ihe 
indicator changes to a yellow lint. Add H2SO4 (1:4) drop by drop until the pink 
color just returns. Dissolve 1 g of sodium acetate (NaCoHjOT-SH-.O) sac jjj 
solution (this should cause the indicator to dtangc back to a yellow tint). Heat 
the solution just to die boiling point and precipitate by tlie addition q£ AgKO 
(20 g. per liter) droj) by drop until an excess of several drops has been reached. 
Stir occasionally, while cooling to room temperature. A curdy precipitate that 
settles out completely, leasing a clear sujvcrnaiani solution, should result. Filter 
on a weighed frittcd-glass crucible with gentle suction and wash. AH traruCerring 
and washing must be done with AgNOj (5 g- jicr liter) because of the solubility 
of the j}recipuate in waici. Finally wash 3 times with 5-nil. portions of ethanol 
(95%) in order to remose the last traces of AgNO^. Dry at 250*C.s*^ and weigh 
as AgjMoOj. 

Procedure.— {a) Transfer 0.1 g. of die sample (for steels and irons coniaiiiiiig 
from 0.02 to 0.4% molybdenum) to a I50-ml. Erlenmeyer flask. Add 10 ml. of 
HCIO4 (Ll)» warm until the sample has dissolved, and then add 1 ml. of HNO3. 
Heat to boiling, cover, and fume until all carbonaceous matter has been desiroyei 
Cool somewhat, add 25 ml. of water, .niid boil for a few minutes to expel free 
chlorine. For steels and irons containing higher percentages of molybdenum, use 
proportionate amounts of sample and reagents. 

(5) If the steel contains less than 0.02% of molybdenum, dissolve 0.5 to l.O g. 
of the sample in 20 ml. of HN'03 (1:3). add 8 ml. of HCIO4, and evaporate to 
fumes. In the case of liigh'Siltcon steel, add 0.5 ml. of HF before evaporating to 
while fumes. Cool, wash down the sides of the flask with water, and again evap 
orate to white fumes. Cool somewhat, add 25 ml. of water, and boil for a few 
minutes to expel free chlorine. 

(c) To the cooled solution (Paragraph (a) or (6)), add 2 g. of tartaric acid and 
a slight excess of NaOH (200 g. per liter). About 30 ml. will be required. Heat 
to about 80*C. for a few minutes, remove from the source of heat, and cool some- 
what. Neutralize to litmus with HnS04 (1:1), and ilien add an excess of 2 ml. 
for each 8 ml. of solution, wliicli will give a solution containing 10% of HoSO, 
by volume. Cool the solution to 25"C. and transfer to a 250-ml. cylindrical-type 
separatory funnel, rinsing the flask twice with 5-ml. portions of cool H2SO4 (1:9)- 

(d) Add 10 ml. of NaCNS (50 g. per liter) and shake 0.5 min. Add 10 mi. of 
SnCl2-2H20 (350 g. per liter) (20 ml. for 1 g. of the sample), and shake vigorously 


400-11x1. beaker, dilute to 100 ml. with water, and add an excess of 2 ml. of HCI. Tlie 
add 50 ml. of ammonium acetate (500 g. per liter), heat to boiling, and while staring co ■ 
siaixll), slowly add 20 ml. of lead acetate (10 g. per liter) containing 10 ml. of acetic aci 
per liter, boil for 5 min., allow- ilic precipitate to settle, filter on a 9 cm. ri’^diuin-t« 11 
paper containing a hide asliless paper pulp, and wash 18 to 20 limes with hoi NWx- i 
(25 g per liter). Ignite in porcelain, fust at a temperature of 400® to 500®C. to hurn 
the popei, and then for 10 to 15 uiin. (to coiutnnl weight) at approximaieiyf o • 
Cool and weigh. Multiply the weight of I’bMoOj found by 0.2614 to obtain the ueij, 
of molybdenum in 50 ml. of solution. . •.n^.iric 

The alpha-bemoinoMme method is also recommended as an aUetnalue gravi 
method for standaidizing molybdenum solutions; see the paper by KnowI«, H. . 

Use of a-Benzomoxime in the Determination of Molybdenum. Journal of Researcii, l 
B ureau Standards, \'ol. 9, No. I, July, 1932. p. 1. (Rcscaich I’aper Rl’ 453.) „,auin\ 
83(1 Because of the limned solubility of silver acetate, this jiuouiU of 1 g- « 
acetate should not be exceeded, although enough must be added to neutralize 
tion (shown by the change in color of the indicator 10 yellow). ..miiiis. 

83411 the precipitate is dried at H0*C., a few tenths of a milligram of water r 
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for 1 min Add 50 ml. of butyl acetate or preferably isopropyl ether (treated 

similarly) from a transfor piper, stopper the funnel and "4er' 

eral minutes. Allow the layers to separate; titen draw off the low^er acid layer. 
Next draw off the upper or ether layer into a 100-ml. volumetric flask. Return 
the acid layer to the separatory funnel, add 40 to 50 ml. of butyl acetate or iso- 
propyl ether, stopper, and repeat the shaking. Draw off the lower layer and dis- 
card. Add the upper or ether layer to that in the 100-ml. volumetiic flask and 
dilute to the mark with butyl acetate or isopropyl ether. Mix thoroughly and 

allow the solution in the flask to stand for 2 or 3 min. 

(e) Transfer a portion of the clear extract ss to an absorption cell and measure 
die absorbance or transmittance in a photoelectric photometer, using a green filtei 
(540 m/i) and a blank (on die reagents) to set the zero. Determine the percentage 
of molybdenum from a previously prepared calibration cuive obtained by adding 
varying portions of standard molybdenum solution to molybdenum-free steels and 
proceeding as in the method. 


TUNGSTEN 


THE ACID DIGESTION-CINCHONINE METHOD 


Reagents, (a) Cinchonine Solution (125 g. per liter).— Dissolve 125 g. of cin- 
chonine in 1 liter of HCl (1:1) and filter. 

(b) Cinchonine Wash Solution.— Dilute 30 ml. of cinchonine solution to 1 liter 
with water. 

(c) Ammonium Chloride Wash Solution.— Dissolve 20 g. of NH^Cl in 1 liter of 
water and add 1 or 2 drops of NH^OH. 

(d) Standard Molybdenum Solution (1 ml. = 0.0002 g. Mo). 

Procedure. 1. Tungsten Steels.— {a) Transfer 2 g. (for steels containing less than 
5% of tungsten use 5 g.) of the sample to a 400-ml. beaker,**® cover, and add 50 
ml. of HCl. Warm gently. When decomposition is complete, cease heating, and 
scrub with a policeman to detach carbides and tungsten. Gradually add 10 ml. of 
HNOg (1:1). Digest at 100°C., with occasional stirring, until the tungstic acid is 
bright yellow and free of black particles. Dilute to 150 ml. and add 5 ml. of 
cinchonine solution and a small amount of paper pulp. Digest at 90° to 95°G. 
for 30 min. or longer, while stirring the solution occasionally.®' With high-molyb- 
denum steels, let stand foi about 36 hr. in order to obtain complete precipitation 
of tungsten. Decant the clear solution through an ashless paper containing a 
little ashless paper pulp. Wash by decantation with two or three 30- to 40-ml. 
portions of hot cinchonine wash solution, transfer the residue to the paper,®® and 
wash thoroughly with hot cinchonine wash solution. 

(5) Transfer the paper and residue to a weighed platinum crucible, and ignite 


84 For satisfactory color comparisons the concentration of molybdenum should not ex- 

ofVaVwoor’''''^^ dirai'gh a layer 

88 Smooth (unetched) beakers should be used, because tuimsnV ^ i 

stick rather tenaciously to the vessel. tungstic acid has a tendency to 

<=“■- 

.solution. Heat to boiling, digest a few minutes, and poiir Oiuo ‘the liber! ’ 
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at as low a temperature as possible until carbon is gone. Add 1 or 2 drops of 
H 2 SO 4 (1:1) and 1 to 3 ml. of HF. Evaporate to dryness, ignite at 750* to 850'C 
cool, and weigh as "impure WO 3 .’’ 

(c) Add 4 g. of Na^COa, and heal gradually until fusion is complete. Cool 
take up the melt in 100 ml. of water, and filter. Thoroughly wash the cruable 
and residue, and reserve the filtrate. Transfer the residue to the crucible, ignite, 
fuse with 1 g. of NaoCO^, cool, and take up in 25 ml. of water. Filter, and thor- 
oughly v\^ash tire crucible, paper, and residue with hot water. Combine the filtrate 
with the reserved filtrate. Again transfer the residue to the crucible and ignite. 
Cool, weigh, correct for the residue obtained from 5 g. of NajCOg,*® and subtract 
the corrected weight from ilie weight of "impure VVO 3 .’' 

(d) If the combined filtrates show j yellow color, evaporate to 100 ml. and de- 
termine chromium colorimetrically (as under the determination of cliromium in 
carbon steels). Calculate to Cn. 03 , and deduct from the weight of "impure WOj." 
Divide the solution into three c<]ual p.iris. In one aliquot determine molybdenum 
oxide. MoOj, by the colorimetric method. In the second aliquot deteimine vana- 
dium, peiuoxidc, V.^Oj,, by the colorimetric meihod.yo adding one third as much 
chromate to the comparison solution as was found iti the colorimetric test. In 
the third alitjuot separate tin, tantalum, niobium,®* and tlie like by acidifying, 
adding NH^OH in moderate excess, and boiling until the odor of ammonia is 
barely perceptible. Filter, wash thoroughly with Imt NH 4 CI wash solution, ignite, 
and weigh. Add tlic weights of the oxides foitnd in die three aliquots, multiply 
by 3, and subtract from the weight of the "Impure WOj." 

(e) Calculation.— Calculate the percentage of tungsten as follows: 

A X 0.793 

Tungsten, per cent =» — X 100 

where A » grams of VVO3, corrected as described in Paragraphs (r) and (d), and 
B «= grams of sample used. 

88 The residue obtained fionj the c.p. grade ol .\32CO3 usually exceeds 1 rag. In anal- 
yses of 2-g. samples of a high-speed tool steel (18 23% tungsten, 351% chromium, and 
097% vanadium), the correction for the impurities in the NagCO.} averaged 1 mg. and the 
impurities in the "impure ^VOa” averaged 5.8 ing. (representing 0.23% of tungsten). The 
weights of FcjOj, Cr203, and V2O.'} that were obtained ranged from 1.4 to 4.4 mg, 04 to 
05 mg., and 1.4 to 2.7 ing., lespcclhcly. 1 • h 

80 If tungsten is picsciU, the solution must be filtered, the tungstic acid washed wim 
H2SO4 (1:99), and its vanadium orntent vicicrinined colorimetrically and added to that 
found by titration. The colorimelric test shall he made as follows: dissolve the tungstic 
acid in a solution of NaOH, or fuse the ignited impure oxide with .\a2CO3 and 
the melt with water; filter if not clear, and dilute to 75 to 100 ml.; add H3PO4 {l.t} 
until acid, then a 5-nil. excess, and let stand for I to 2 hr.; compare the yellow solution 
of vaiiadotungstic acid with a standard prepared by adding from a buret a standard solu- 
tion ot v.inadolungsiic acid to water until the iiitensit) of color in the solution is tne 
same when the solutions aie of equal volume. The sfandanl sohttion of vanadotungsti 
add shall be prepared as follows; dissolve 25 g. of sodium tungstate and enough , 
vanadate to give exactly 0.05 g. of vanadium in 100 ml. of water; dilute to 200 ml.; au 
25 ml. of H3PO4 (1:1) and dilute to exactly 500 ml. Ammonium salts cannot be u 
as they give rise to turbid solutions. If only ammonium vanadate is available, di 
it in water, expel all ammonia by boiling with a slight excess of NaOH, and 
H3PO4. The vanadium held by the tungsten approximates 0.01 mg. of l ? jj 

0 01 g. of tungsten, and in routine analyse.s the correction is made by calculation, 

0 018% vanadium is added for an 18% tungsten steel. _ • 1 hie in 

9tlf a search is to be made for tantalum and niobium, the residue inwlu 
Na^COa should also be examined, because part of these may be contained in it. 
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2 Carbon Steels and Other Steels Containing Under 0.2% Tungsten.-Transler 
5 g of the sample to a 600-ml. beaker, add 75 ml. of HoSO^ (1:6), and 
acdon ceases. Caretull, add just enough HNO, (1:1) to decompose carbides and 
to oxidize the iron. Add about 5 mg. oi molybdenum (convemently, 25 rrd. ot 
molybdenum steels procedure). Determine rungsten subsequent y rn the mixed ox- 
and precipitate with alpha-benzoinoxime (see Paragraphs (c), (d), and («?) o 
molybdenum steels procedure. Determine tungsten subsequently in the mixed ox- 
ides by precipitation witli cinchonine as described in Section 1. 


COBALT 


THE ZINC OXIDE-ALPHA-NITROSO-BETA-NAPHTHOL METHOD 

Reagents, (a) Zinc Oxide Suspension.— Add 50 g. of finely powdered ZnO to 
300 ml. of water and shake thoroughly. Prepare fresh before using. 

(b) Alpha-Nitroso-beta-Naphthol Solution (70 g. per liter). 

Procedure. 1. Cobalt Steels.-{a) Transfer 1 g. of the sample' to a 400-ml. beaker, 
add 25 ml. of HCl (1:1), heat, and when decomposition is complete, add 5 ml. of 
HNO3 (1:1) to oxidize the iron. If tungsten is present, the digestion with HCl 
and HNO3 shall be continued until all of tlie tungsten has been converted to 
yellow tungstic acid. Evaporate until salts begin to separate (about 5 ml.). Add 
100 ml. of hot water, and digest on a steam bath for about 5 min. Dilute the 
solution to about 200 ml., and add ZnO suspension in portions of about 5 ml, 
until the iron is precipitated and a slight excess of ZnO is present. Shake thor- 
oughly after each addition of the precipitant and avoid a large excess. When suf- 
ficient ZnO has been added, further addition of the reagent causes the brown pre- 
cipitate to appear lighter in color upon thorough shaking. A sufficient e.xcess is 
also indicated by a slightly white and milky supernatant liquid. Allow the pre- 
cipitate to settle for a few minutes and filter the solution through a 12.5-cm. 
rapid paper.^^ -Wash the beaker and the precipitate on the filter three times with 
cold water. Reserve the filtrate and washings. 

(b) When the filter has drained, transfer the paper and precipitate to the beaker 
in which the the precipitation was made, add 12 ml. of HCl, and stir the paper 
to a pulp. The iron should now be in solution; if it is not, add more HCl, avoid- 
ing a large excess. Dilute the solution to 200 ml., and repeat the precipitation 
with ZiiO. Filter on a 15-cm. paper, and wash four or five times with cold water. 

(c) To the combined filtrates and' washings from the ZnO separation, add 10 
ml. of HCl, and adjust the volume to about 400 ml. Heat tlie solution to boil- 
ing. Add 3 ml. of alpha-nitroso-beta-naphthol solution for each 0.01 g. of cobalt 
present and then 8 ml. more. Allow the solution to cool for 30 mirn or more, 
and filter through a rapid paper. Transfer all of the precipitate to the paper 
and wash with hot HCl (1:3) and then thoroughly with hot water. 

(d) Transfer die wet paper and precipitate to a weighed porcelain crucible heat 
gently at first, preferably in a muffle furnace, and finally ignite to constant weight 
at 750° to 850°C. Heating above 900°C. has a tendency to convert CooO to CoO 
Cool, and weigh as Co30,.«3 in very accurate work in which more than 0.01 g.' 


^ finely cliviclecl ZnO nmv puss tlic DiiDf*v at T'Kit' ir' u* 

aIpha-nitroso-L?a-naphthol. w»objection- 

93 With high-molybdenum or copper steels (over thp ionitpH r\ 
ball, ma, small amounts (approximately 0.5 4^) of lC» ei?S°S,°‘sSmblf 
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of cobalt is involved, reduce the oxide in hydrogen, cool in an atmosphere of hv 
drogen, and %veigh as metallic cobalt. ^ 

(«?) Nickel accompanies cobalt almost completely in the zinc oxide sepaiation 
Hence, in very accurate work, when nickel predominates, or much of it h present 
tlie ignited CogO^ should be dissolved in HCl and cobalt again precipitated with 
alpha-nitroso-beta-jiapluhoK®* 

(f) Blank.— Make u blaisk determination, following the same procedure and 
using the same amounts of all reagents. It is especially important iliat the same 
quantity of tlie alpha-nitroso-beta'iiaphthol be used in the blank determination 
as for the sample. A little macerated paper added to the blank after die alplia 
nitroso-beia-ivaphthol reagent facilitates filtration and washing. 

(g) Calculation.— Calculate the percentage of cobalt as follows: 


Cobalt, per cent 


(A ~ B) X 0.734 
C 


X 100 


where A ~ grams of Coa04> 

B = correction for blank, in grams, and 
C = grams of sample used. 


2. Carbon Steels and Other Steels Containing Under 0.10% Cohn/f.— Dissohe 10 
g. of the sample in HCI and cautiously oxidize with just enough HNO3. Extract 
the iron with ethyl ether and wash the ether extract once with HCl (1:1) (see pro- 
cedure for carbon steels in the electrolytic mctliod for nickel). Warm the ether 
extracted acid solution to expel residual ether, and oxidize with KCIO3. Dilute 
to 200 ml., and complete the determination as described in Section I. In material 
containing very little cobalt, it is advantageous to combine the extracted add solu- 
tion obtained in ether separations of a number of separate 10-g samples. 

S. Cast Iron, Ofsen-Hearth Iron, and lyrought /ron.— Determine cobalt in ac 
cordance with the procedure described in Section 2. 


THE NITROSO-R-SALT (PHOTOMETRIC) METHOD 
(E30-60T) (FOR STAINLESS STEEL) 

Scope.— This routlvod covets a photomctTic pioctdote for the deteiminatioa of 
cobalt in stainless steel, in the range of O.OI to 0.30% cobalt. 

Summary of il/e/liod.— Cobalt, in hot solution buffered with sodium acetate, 
forms an orange-colored complex with nilroso-R-sah. The addition of HNOs 
destroys interfering complexes and stabilizes the cobalt complex. Photometric 
measurement is made at approximately 520 m#/. Zinc oxide precipitation re- 
moves certain interfering elements, and eliminates the need for a correction for 
background color. 

Conc^itrotion Range.— The recommended concentration range is from 0.005 to 
0.15 mg. of cobalt in 50 ml. of solution, using a cell depth of I cm. (Note 20). 

Note 20.— Tins procedujc has been vvrilicn for cells having a 1-ciu. light path. Celb 
having a light path not exceeding 2 cm. may be used, provided the sample * j 
justed so that the amount of cobalt in the aliquot of the sample solution does not e\ 
0.075 mg. 

rections may be made after solution of the residue and colorimetric determinations of the 
contaminants. , - 1 i cVinwed 

9* Tests on a 0.5-g. sample of a steel containing 10% of cobalt and 6% of mcke 
but 0.1 mg. of nickel in the first predpitaie. 



STEEL AND IRON 


717 


<itabilitv of Color -The color is stable for at least 4 hr. 

chromium, vanadium, nickel, manganese and copper form 

com^eS with nitroso-R.salt that deplete the reagent and mh.b.t tlte format.on 
of the colored cobalt complex. Iron, chromium, and vanadium aie removed from 
1 soluSrby z inc oxide precipitation. A siilBcient amount of nitroso-R-salt is 
used to provide full color developiuent with 0.15 mg. of cobalt in the piesence o 
90 mg. of nickel, 6 mg. of manganese, and 1.25 mg. of copper Colored comp exes 
of nickel, manganese, and copper are destroyed by treating the hot solution with 

Rea<^ents. (a) Cobalt, Standard Solution (1 ml. = 0.06 mg. Co).— Transfer 
0 300oV of high-purity cobalt (containing less than 0.3% nickel) to a 400-ml. tail- 
form beaker. Add 15 ml. of HCl (1:1), cover the beaker and heat until the 
cobalt is dissolved. Add 10 ml. of HCl and dilute the solution to about 150 ml. 
Neutralize the solution, using pH paper, by the dropwise addition of NH^OH. 
Add 1 g. of hydroxylamine hydrochloride and stir well for 1 to 2 min. while the 
salt is dissolving. Add 5 ml. of NH^OH in excess, and dilute to approximately 
275 ml. with water. Electrolyze on a clean platinum electrode, starting with a 
current density of 3 amp. per sq. dm. until the color of the solution begins to turn 
from brown to pink and the cobalt starts to deposit. Continue the electrolysis 
with a cui-rent density of 1 amp. per sq. dm. until the deposition is nearly com- 
plete, as indicated by disappearance of the pink color. Alternatively, the entire 
electrolysis procedure may be conducted by controlling the cathode potential at 
—0.9 V. with respect to a saturated calomel reference electrode, preferably with 
an automatic potentiostat. Rinse, dry, and weigh the electrode, and dissolve the 
cobalt from it using a sufficient amount of hot HCl (1:9) to cover the electrode. 
Rinse the electrode and collect the rinsings in the solution. Dry and reweigh 
the electrode. Dilute the solution to 500 ml. in a volumetric flask and mix. Cal- 
culate the exact concentration of cobalt in the solution on the basis of the amount 
of cobalt dissolved from the electrode. By means of a pipet, transfer 50.00 ml. of 
the solution to a 500-ml. volumetric flask, dilute to volume, and mix. (Note 21.) 

Note 21.-If cells having a 2-cra. light path are used, dilute 50.00 ml. of the cobalt 
solution (1 ml. = 0.6 mg. Co) to 1 liter. 

(b) Zinc Oxide Suspension.— Add finely-powdered ZnO to water in the ratio of 
10 g. of ZnO to 60 ml. of water, and shake thoroughly. The suspension should be 
freshly prepared in an amount sufficient for one day’s analyses. 

(c) Sodium Acetate Solution (500 g. per Iiter).-Dissolve 500 g. of NaCoHaO,,- 
3 H 2 O in about 600 ml. of water, filter and dilute to 1 liter. 

(d) Nitroso-R-Salt Solution (7.5 g. per liter).-Dissolve 1.50 g. of nitroso-R-salt 
in water, filter, and dilute to 200 ml. Do not use solutions more than 1 week old 

Preparation of Calibration Ctirve. (a) Calibration Solutions.-By means of 
pipets, transfer 5, 10, 15, 20, and 25 ml. of cobalt solution (1 ml. = 0 06 mg Co) to 
five 100-ml. volumetric flasks and dilute to volume with water. By means of a 

pipet, transfer 10 ml. of each solution to a 50-ml. volumetric flask Proceed in 
accordance with Paragraph (c). 

(b) Reference Solution.-Transfer 10 ml. of water to a 50-ml. volumetric flask 
and proceed in accordance with Paragraph (c) 

(0 Color DeveIopmem.-Add 5 ml. of sodium ocetote solution followed by 6 00 
ml. of nitroso-R-salt solution, swirling after each addition. Place the flask ij hnil 
mg water to a depth of at least % in. After 6 to 10 min., add 5.0 ml of HNO 
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(1:2), and mix by swirling the Aask. Continue tlie heating for 2 to 4 min., re- 
move the flask from the boiling water, and then cool the solution to room tem- 
perature. Dilute to volume and mix. 

(d) Photometry.— Transfer a suitable portion of each solution to an absorption 
cell and measure tlie transmittance or absorbance against the reference solution at 
520 m^. 

(e) Cell Correction.— When two absorption cells arc used, fill both cells with the 
reference solution and measure tlte transmittance or the absorbance at 520 m/t and 
record the cell correction. 

(f) Calibration Factor or Curve.— Apply the cell correction and calculate the 
ratio of milligrams of cobalt to absorbance at each level of cobalt. If the ratios are 
constatit, within experimental error, calculate the average value of the ratios to 
find the factor to apply to convert absorbance to milligrams of cobalt. If the 
ratios are not constant, or if for other reasons it is desirable, plot the absorbance or 
transmittance values against milligrams of cobalt per 50 ml. of solution. 

Procedure, (a) Test Solution: 

(If Transfer 0.500 g. of the sample to a 100-ntl. volumetric flask. (Note 20.) 
Add 5 ml. of a mixture of 1 volume of HNOg and 3 volumes of HCl. Heat gently 
until the sample vs dissolved and then boil live solution until brown fumes have 
been expelled. Add 65 to 70 ml. of water and cool. 

(2) Add ZnO suspension in portions of about 5 ml. until the iron is precipitated 
and a slight excess of ZnO is present. Shake thoroughly after each addition of die 
precipitant and avoid a large excess. When su/Fictent ZnO has been added, further 
addition of the reagent causes Uve brown precipitate to appear lighter in color upon 
thorough shaking. A sufficient excess is indicated by a slightly white and milky 
supernatant liquid. Dilute the solution lo volume and mix. Allow Uve precipitate 
to settle and filter a portion of the solution through :i dry, fine paper into a clean, 
dry 250-ml. beaker. By means of a pipet. transfer 10 ml. of the filtrate to a 50'ral. 
volumetric flask and proceed as described in Uie section on preparation of calibra- 
tion curve 

(b) Reference Solution.— Transfer 10 ml. of water to a 50-ml. volumetric flask. 
Proceed as described in the section on preparation of the calibration curve. 

(c) Photometry.— Take the photometric reading of die sample solution as de- 
scribed in the section on preparation of die calibration curve. 

(d) Cell Correction.— Determine the cell correction in accordance with the section 
on preparation of die calibration curve. 

Calculation.— Apply die cell correction and calculate the percentage of cobalt as 
follows (Note 22): 

. Cobalt, per cent = AF X 2 

where A = corrected absorbance, and 

F = factor, ratio of milligrams of cobalt to absorbance. 

Note 22.— If a calibration curve is used, read the value for milligrams of cobalt from 
the curve. Substitute this value for AF in the equation. 
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THE PHOTOMETRIC METHOD 

Reagents, (a) Cupferron Solution (60 g. per 

(b) Standard Titanium Sulfate Solution (1 ml. - 0.0005 g. 

Procedure. 1. Titanium Steels.-(a) Transfer 0.5 to 1 g. of the sample to a 
400-ml. beaker, add 100 ml. of HCl (1:4). cover, and heat gently until action ceases. 
Cool the solution to 10“ to 15“C., and add cupferron (60 g. per liter) drop by drop, 
while stirring constantly, until the precipitate just assumes a reddish-brown color. 
Additional cupferron only causes more iron to be precipitated. Add an ample 
quantity of ashless paper pulp and filter through an 11-cm. rapid paper. Was i 1- 

to 15 times with cold HGl (1:9). i • • 

(5) Transfer tlie paper and residue to a 50-ml. platinum crucible, dry, and ignite 
at a temperature (below 500°C.) just sufficient to destroy the carbon of the filter 
paper. Fuse the contents of the crucible with 1 g. of KoSoO^ (or a sufficient amount 
to give a clear fusion) at a temperature not over 750“ C., and dissolve tlie cooled 


melt in 25 ml. of HoSO^ (1:9). 

(c) Transfer the cool solution to a 100-ml. volumetric flask, dilute to the mark 
widi HoSO^ (1:9), and mbc thoroughly. Transfer a portion of the solution to a 
matched absorption cell and use this solution to set the 100% transmittancy point 
on a photoelectric photometer, using a blue filter (425 m/t). Add 1 ml. of HoOo 
to the solution in die flask, mix thoroughly, and measure the percentage absorbance 
or transmittance at 425 mfi. Determine the percentage of titanium from a graph 
prepared from data obtained by carrying steels containing known amounts of 
titanium through all steps of the method.ss 

(d) If the steel contains an appreciable amount of copper, filter the solution of 
the sample (Paragraph (a)) through a small paper containing some paper pulp. 
Wash well with hot HoSO^ (1:9). Cool the filtrate to 15“ to 20“C. and precipitate 
witli cupferron as described in Paragraph (a). Transfer the paper containing the 
acid-insoluble material to a 250-ml. beaker, add 25 ml. of HNO3 (3:7), and heat 
until die copper has dissolved. Add 50 ml. of hot water and a slight excess of 
NH4OH. Heat to boiling, filter, and wash the paper and precipitate with hot 
water. Burn off the paper at as low a temperature as possible and add the residue 
to the ignited cupferron precipitate (Paragraph (5)). Fuse the combined residues 
with KoSoC.^, and dissolve in HoSO^ (1:9). Determine titanium photometrically 
as described in Paragraph (c). 


(e) If die steel contains vanadium (more especially when small amounts of tita- 
nium are sought), transfer the ignited cupferron precipitate (Paragraph (b)) to a 
100-ml. platinum dish, add 5 ml. of HF and 10 ml. of HCIO^, and evaporate to a 
volume of 5 ml. or less. Cool somewhat, dilute to 50 ml., and add an excess of 5 
ml. of NaOH (100 g. per liter). Boil for several minutes, let settle, and filter on a 
9-cm. close-texture paper. Wash die paper and precipitate widi hot water, ignite 

fuse wxdt a sma 1 amount of K^S^O,. and complete dte determination as described 
in Paragraph (c). wv.ai.nucu 


color 

concentration of H3PO4 in the solutions used to prepare the g!aph!°"’ 
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2. Carbon Steels, Open-Hearth Iron, and Wrought Iron Containing Under 0.5% 
Titanium.— Dissolve 5 g. of the sample in 150 ml. of HCl (1:4), and complete the 
determination as described in Section 1. 

5. Cast Iron.— (a) Add 100 ml. of HCI (1:2) to 5 g. of the sample, cover, and warm. 
When all action has ceased, cool to 10" to 15*C., add 2 ml. of cupferron solution 
(60 g. per liter), and filler on a close-texture paper. Wash the insoluble matter 12 
to 15 limes with cold HCl (1:9). 

(b) Transfer the paper and residue to a platinum crucible, dry, and ignite under 
good oxidizing conditions in an uncovered crucible until all carbon is gone. Add 
I to 2 ml. of HF and 1 ml. of H2SO4 (1:5). and evaporate to dryness. 

(c) Fuse the residue with 1 to 2 g. of Na^CO^. Dissolve the melt in about 50 ml. 
of water, digest for 15 min. at 90" to 95"C., filter, and wash with water. Ignite the 
residue in platinum, and fuse with 1 to 3 g. of KoS-,0-. 

(d) Cool, dissolve the melt in 25 ml. of HoSO^ (1:9), and complete tlie determi- 
nation as described in Section 1, Paragraph (c). 

ZIRCONIUM 

THE CUPFERRON-PHOSPHATE METHOD 

Reagents. Diammoniuni Phosphate Solution (120 g. per liter). 

Procedure. 1. Zirconium Steels (Absence of Niobium and Tungsten)^(a) 
Transfer 2 to 3 g. of the sample to a 250-ml. beaker. Add 100 ml. of HCl (1:4), 
cover, and heat until action ceases. Dilute to 150 ml., cool to 10" to 15*C., pre- 
cipitate witii cupferron, filter, and fuse Uie ignited precipitate with KnSoO^ as de- 
scribed for die determination of titanium. Dissolve die cooled melt in 100 ml. of 
H2SO4 (1:9), and filter through a small paper to separate any siliceous matter that 
may be present. Wash with H2SO4 (1:9). 

(5) To the filtrate, add 2 ml. of HjO, and 25 ml. of (NH4)3HP04 (120 g. per 
liter). Stir vigorously and let stand for 1 to 2 hr. at a temperature of 60' to 65*C. 
An excess of must be present at all times, and with amounts of zirconium 

under 0.01%, the solution should be allowed to stand at room temperature o\er- 
night. Filler through a 9-cni. paper containing asbiess pulp, and wash thoroughly 
with cold NH4NO3 (50 g. per liter). 

(c) Transfer the paper and residue to a platinum crucible and ignite very care- 
fully so that the paper chars but does not Rame. When the paper has charred, 
gradually increase the temperature until all carbon is gone, and then heat at about 
1050“C. for 15 min. Cool in a desiccator and weigh as ZrP^O-. 

(d) In very accurate analysis, test the pyrophosphate for titanium by fusing wiUi 

4 to 5 g. of KjS.iOj and dissolving tlie melt in 40 ml. of H2SO4 (1:9) containing 

5 ml. of HjjO^ (3%). If titanium is present, determine it colorimetrically in ac- 
cordance with the photometric method for titanium in steels. Paragraph (c), and 
calculate to Ti2P209. 

(e) Calculation.— Calculate tlie percentage of zirconium as follows: 

. (^ -■») X 0-344 

Zirconium, per cent — X lOU 

where A = grams of ZrPzO? (Paragraph (c)), 

B = grams of TijPjOj (Paragraph (d)), and 
C = grams of sample used. 
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2. Carbon Steels, Open-Hearth Iron, Wrought Iron, and Cast /ron.— Dissolve 5 
g. of the sample in 150 ml. of HCl (1:4) and complete the determination as de- 
scribed in Section 1. 


ALUMINUM 

TEIE BICARBONATE-SODIUM HYDROXIDE METEIOD (SMALL 
AMOUNTS OF ALUMINUM IN THE ABSENCE OF 

BERYLLIUM) 

Reagents, (a) Hydrogen Sulfide Wash Solution.— Saturate HGl (1:99) with H^S. 

(b) Ammonium Thiocyanate Solution.— Dissolve 4 g. of NH^CNS in 100 ml. of 
ethylene glycol monomethyl ether (methyl cellosolve). 

(c) Ammonium Molybdate-Hydrazine Sulfate Solution.— Dissolve 0.15 g. of hy- 
drazine sulfate in 100 ml. of water. Dissolve 1 g. of ammonium molybdate 
((NH^)ohIo 04 ) in 100 ml. of H^SO^ (Li^)- Dilute 10 ml. of the ammonium molyb- 
date solution to 90 ml. with water, add 1 ml. of the hydrazine sulfate solution, and 
dilute the mi.\ed solutions to 100 ml. with water. The ammonium molybdate- 
hydrazine sulfate solution is not stable and should be prepared as needed. 

Procedure. 1. Carbon Steels Containing Under 0.1% Aluminum.— (a) Transfer 
10 g. of the sample to a 500-ml. Erlcnmeyer flask and add e.xactly 110 ml. of H^SO^ 
(1:9). Cover the flask with a small cover glass, and heat at 80° to 90°C. until ac- 
tion ceases. Dilute to a volume of 150 ml. with hot water, heat to boiling, and, 
while agitating the solution, add NaHCO., (80 g. per liter) from a buret until a 
slight permanent precipitate forms (approximately S6 ml. in the usual case). Then 
add 5 ml. in excess.’^'^ 

(5) Cover the flask, boil for 1 min., and allow the precipitate to settle. Filter 
through an 11-cm. rapid paper, and tvash the flask and precipitate twice with warm 
water. The filtrate may become cloudy through hydrolysis of iron, but this is of no 
consequence. 

(c) Return the paper and precipitate to the flask. Add 40 ml. of HCl (1:3), 
cover the flask, and heat moderately until the precipitate has dissolved. Agitate the 
flask until the paper is pulped, and then filter the solution through a 9-cm. close- 
texture paper into a 400-ml. beaker.^^ Wash the paper and residue 8 to 10 times 
with hot HCl (5:95) and then 3 to 4 times with hot water. Reserve the filtrate. 

(d) Place the paper in a platinum crucible and ignite under good oxidizing 
conditions and at a low temperature (not over 500°C.). Fuse the residue with 1 to 
1.5 g. of K.,S.,0-, and dissolve the cooled melt in the reserved filtrate (Paragraph 
(c)).»o 

so Chromium, copper, cobalt, nickel, niobium, phosphorus, tin, titanium, tantalum, 
uranium, vanadium, tungsten, zirconium, and ferric iron accompany the aluminum, some 
completely, others in part. 

s" The paper will contain aluminum oxide and aluminum silicate insoluble in H^SO.j 
(1:9). Aluminum nitride is sohdile in H2SO4 (1:9). If acid-soluble aluminum only is 
wanted, this filtration can be omitted, hi this case, dilute the solution to 200 ml., treat 
with HoS, filter, and wash, as described in I’aragraph (e) above. 

ss If the steel contains from 0.1 to 1% of elements such as copper or chromium, the 
paper and residue preferably should be ignited in porcelain at a low temperature (to pre- 
vent fusion with the glaze), and the ignited residue then transferred to a platinum cru- 
cible for the fusion. 

“0 If a determination of acid-insoluble aluminum is desired, dissolve the melt in 20 
ml. of HCl (1:3), dilute to 100 ml., treat with H2S, filter, oxidize with HNO3, treat ivith 
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(e) Dilute the solution to 200 ml. with hot water, and pass a brisk stream of H^S 
through the solution as it cools to room temperaturc.^oo Filter the solution through 
a 9*cm. close-texture paper into a 400-ml. beaker. Wash the beaker and paper well 
with H^S wash solution. 

(f) Boil the filtrate until the HgS is expelled. Add 2 ml. of HNO3 (or an amount 
sufficient for complete oxidation of the iron), and reduce ilie volume of the solu- 
tion to about 75 ml. by boiling. Nearly neutralize die acid solution wiili NaOH 
(100 g. per liter) (about 50 to 60 ml. is usually required), heat to about 70*C., and 
pour slowly into 120 ml. of hot NaOH (100 g. per liter), while stirring vigorously. 
Boil for 1 to 2 min., cool to room temperature, and filter ilirough double ll-cm. 
close-texture papers, catching the filtrate in a 600-ml. beaker. Wash the precipi- 
tate several times with NaOH (5 g. per liter).^®* 

(g) Make tlie filtrate slightly add with HCI, add 10 ml. of NH4NO3 (500 g. per 
liter), and heat the solution )USi to boiling. Add a few drops of methyl red indi- 
cator, and carefully add NH^OH, drop by drop, until die color of die solution 
changes to a distinct yellow. Boil the solution for 1 to 2 min., allow to digest until 
the precipitate has coagulated (usually 10 to 12 min.), and filter through a 9-cni. 
rapid paper. Wash die beaker and paper 3 or 4 times with hot, neutral NH4NO3 
(20 g. per liter). 

(/i) Return the paper and precipitate to die beaker, add 40 ml. of HCI (1*3), and 
digest until the precipitate has dissolved. Macerate die jiaper to a pulp. Dilute 
the solution to a volume of 125 to 150 ml., and repeat the precipitation with 
NH4OH as previously described. Transfer the precipitate to the filter, and wash 
well with hot, neutral NH 4 NO 3 (20 g. per liter). 

(t) Transfer the precipitate and paper to a weighed platinum crucible, and ignite 
until die carbon is gone. Cool, and treat the precipitate with a few drops of H2SO4 
(1:3) and 2 to 3 ml. of HF. Evaporate to dryness, and ignite to constant weight 
at 1200*C. 

(j) Examine the igpited oxides for Fe^Oj, P-D., CroOg, and V^Og in accordance 
widi Paragraphs (A) to (o). 

(A) Fuse die ignited oxides with 1 g. of K2S2Q7. Dissolve the melt in 20 ml. of 
HCI (1:1), dilute the,solutioii to exactly 50 ml. with water, and mix dioroughly. 

(l) Iron.— Transfer a 2-ml. aliquot of the solution (Paragraph (A)) to a test tube 
and add 8 ml. of ammonium thiocyanate solution. Compare die color developed 
with that of reference standards prepared in the same way. 

(m) Phosphorus.— Transfer a 2-ml. aliquot of the solution (Paragraph (A)) to a 
250-ml. beaker and add 30 ml. of ammonium molybdate-hydrazine sulfate solution. 
Heat on a steam bath for 15 to 20 min. (until the color is fully developed) and 
then cool the solution. Dilute to 50 ml. widi ammonium molybdate-hydrazine sul- 
fate solution, and compare the color with that of reference standards prepared in 
the same way. 

NaOH, and complete the determination of alumiiium as AI2O3, as describe in the method 
for total aluminum (Paragraphs (g) to (q)). 

100 Almost all stecls-contain small amounts of dn, which may be removed comeniently 
at this point. 

lot It is recommended that the paper first be washed two or three times with hot NaOH 
(20 g. per liter) and the washings discarded, in order to eliminate the possibility of ex- 
traction of organic matter by the solution. 

102 In work of high accuracy, the NaOH separation must be made in platinum (prefer- 
ably), quartz, or Vycor-glass \essels. Alkaline solutions, especially when hot, extract silica 
and alumina from glass or porcelain vessels. 
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(n) Chromium.— Neutralize the remainder of the solution (Paragraph (k)) with 
NaOH (300 g. per liter), and then add 10 ml. in excess. Add a few milliliters of 
HoOo (3%)> boil until the chromium is oxidized. Cool, and compare the color 
with that of reference standards prepared in the same way. 

(o) Vanadium.— Acidify the solution used for the determination of chromium 
with H.^SO^ (1:1), add a few milliliters of H.po (3%), and compare the color with 
that of reference standards prepared in the same way. 

(p) Blank.— Make a blank determination, following the same procedure and using 
the same amounts of all reagents. 

(q) Calculation.— Calculate the percentage of aluminum as follows: 

(A - 5) X 0.529 

Aluminum, per cent = — X 100 

Cy 

where A = grams of AI2O3 from sample, corrected for Fe203, P2O5, Cr203, and V2O5, 
B = grams of AI2O3 from blank, corrected for FeoOs, P2O5, Cr203, and V2O6, and 
C = grams of sample used. 


LEAD 

THE SULFIDE-MOLYBDATE METHOD 

Reagents, (a) Ammonium Molybdate Solution (50 g. per liter).— Dissolve 10 g. 
of ammonium lieptamolybdate ((NFl4)(.Mo-0._>^>4H20) in 200 ml. of water by heat- 
ing gently. If the solution is not clear, filter it. One milliliter will precipitate 
approximately 0.055 g. of lead. 

(b) Hydrogen Sulfide ^Vash Solution.— Saturate HCl (1:99) with HoS. 

Procedure. 1. Carbon Steels Containing Over 0.01% Lead.— (a) Transfer 5 to 10 
g. of the sample to a 600-ml. beaker and add 50 to 100 ml. of HCl (1:1). Cover the 
beaker and heat to hasten solution of the sample. When the sample has dissolved, 
evaporate the solution just to dryness in order to expel the excess acid,io3 but do 
not bake.io* Add 400 ml. of hot water and heat, while stirring occasionally, until 
the iron salts have completely dissolved. Add 10 g. of NH^Cl, and pass a rapid 
stream of H2S through the solution for at least 10 min. Filter through a hardened 
paper,!®^ and wash with cold HoS wash solution. 

(b) Dissolve the PbS in hot HNO3 (l:l),io® catching the solution in a 250-ml. 
beaker, and wash the paper thoroughly with hot water. The filtrate and washings 
should not exceed 100 ml. Add 2 g. of tartaric acid. When the acid has dissolved, 
neutralize the solution with NHjOH and add 5 ml. in excess for each 100 ml. of 
solution. Heat the ammoniacal solution to boiling, add 10 ml. of ammonium 
molybdate (50 g. per liter), and boil for a few minutes until the lead molybdate 
(PbMoOj) has coagulated. Filter through a close-texture pairer containing some 

103 This step is important, as the pH of the solution when treated with HoS has a de- 
cided influence on the completeness of the PbS precipitation. The proper pH for the 
precipitation is between 2.0 and 2.3, and the pH should be adjusted so that it falls within 
this range. BeloVv a pH of 1.8 the PbS is not quantitatively precipitated, and above a 
pH of 3.0 iron accompanies the PbS. 

10-4 If the salts are baked, they are not completely soluble in hot water. 

105 Whatman 41H filter paper, or equivalent, is satisfactory for this purpose. 

106 Be sure that the PbS has completely dissolved and nothing but free sulfur remains 
on the paper. Usually about 10 ml. of the hot acid are sufficient to dissolve the PbS 
completely. 



724 ALLOYS: IRON AND STEEL 

paper pulp and wash thoroughly witli hot, slightly ammoniacal NH^NOg (50 g. 
per liter). 

(c) Transfer the paper and precipitate to a tvciglied procelain or quartz crucible, 
and ignite to constant weight in a muffle at 600* to 650®C. Cool in a desiccator 
and weigh as PbMo 04 . 

(d) Calculation.—Calculate the percentage of lead as follows: 

Lead, per cent = ^ ^-564 ^ jqq 

B 

where A = grams of PbMoO<, and 
B = grams of sample used. 


NIOBIUM 

HYDROLYSIS WITH PERCHLORIC AND SULFUROUS ACIDS 

Reagents, (a) Sulfuroits Acid ( 6 %). 

(b) SuifuriC'Succinic Acid Solution.— Dissolve 5 g. of succinic acid in 500 ml. of 
H 2 SO 4 (1 :4). Add a slight excess of KMnO^. 

(c) Ferric Phosphate Solution.— Dissolve IM g. of Fca( 5 ^ 4)3 ^ to 

which 150 ml. of HgPO^ (85%) and 20 ml. of H 2 SO 4 (1:1) have been added. Add 
KMn 04 (25 g. per liter) until the solution is just tinted pink, due to the excess 
of KMn 04 . 

(d) Standard Potassium Permanganate Solution (0.05 N). 

(e) Ammonium Chloride \Vash Solution.— Dissolve 20 g. of NH 4 CI in water, add 
1 ml. of NH 4 OH. and dilute to 1 liter. 

Procedure. 1. Niobium Steels (ri«igs/e« Absent).— (n) Transfer 2.5 g. of the 
sample to a 400'ml. beaker, add 25 ml. of HCl and 5 ml. of HNO 3 , cover the 
beaker, and heat gently until action ceases and only carbides of niobium and other 
elements remain undissoivcd. Add 30 ml. of HCIO 4 and evaporate to white lumcs. 
Cover the beaker and continue the boiling for at least 10 min., heating in such 
a manner that HCIO 4 refluxes on the sides of the beaker. Cool somewhat; then 
add 175 ml. of water, 50 ml. of H^SOg, and some ashlcss paper pulp. Boil the solu 
tion for 10 min. to hydrolyze niobium, and then digest at 65* to 70*C. for about 
15 min. Filter the solution through an H-cm. close-texture paper containing ash- 
less paper pulp. Wash the beaker with HCl (1:49) and scrub it with a filter paper 
moistened with HCl (1:49). Add die paper to the filter and wash the residue and 
papers witli HCl (1:49) until free of HCIO 4 (12 to 15 washings). 

(b) Transfer the precipitate and papers to a 50-mI. platinum crucible or a 50-ml. 
platinum dish, char the paper, and ignite at a dull red heat. The residue consists 
of niobic and tantalic oxides contaminated by SiO.j and other oxides. 

(c) To the residue in the platinum crucible (Paragraph ( 6 )), add 3 to 5 ml. of 
HF, 2 ml. of HCIO 4 , and 6 ml. of ^.$04 (1:1). Evaporate to dense white fumes 
and continue healing until the volume of the solution is reduced to about 2.5 ml. 
Hydrofluoric acid must be completely expelled, as it prevents hydrolysis of niobium 
in the subsequent precipitation. If any niobic acid separates, add 1 ml. of H 2 SO 4 
and continue the healing for 1 to 2 min. Cool the crucible somewhat, and trans- 
fer the contents to a 400-ml. beaker by means of 200 ml. of hot HCl (1 :49). Scrub 
the crucible with a filter paper moistened with HCl (1:49), and add the paper to 
the solution. 
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(d) To the solution (Paragraph (c)), add 60 ml. of HoSOg. Boil the solution for 
10 min., add ashless paper pulp, and warm the solution at 65° to 70°C. for about 
15 min., or until the supernatant liquid is clear. Filter through a close-texture 
paper containing paper pulp. Wash thoroughly with FICl (1:49). 

(e) Place the paper in a 30-ml. platinum crucible or a 50-ml. platinum dish and 
char the paper at a low heat. Then ignite, preferably in a muffle furnace, at 1000° 
to 1050°C. to constant weight (usually about 15 min.). Cool in a desiccator and 
weigh as Nb., 05 . The weighed residue will contain any tantalum and most of the 
tungsten present in the steel.i-o'^ 

(f) Calculation.— Calculate tlie percentage of niobium as follows: 


Niobium, per cent 

where A = grams of NboOe, and 
B — grams of sample used. 


A X 0.699 
B 


X 100 


Niobium by Titration with Potassium Permanganate (Tantalum by Differ- 
ence).— (g) If desired, the actual niobium content can be determined by reduction 
in a Jones reductor followed by titration with 0.05 N KMnO^, as described in 
Paragraphs {h) to (/). 

(/() Add 0.0500 g. of TiOg and 3 g. of KoSgO^ to the oxides in the platinum cru- 
cible. Heat moderately until the oxides are dissolved. Cool the melt and add 5 
ml. of H 2 SO 4 . Heat until tlie melt is dissolved. Transfer the solution to a 250-ml. 
beaker, and rinse the crucible with three 5-ml. portions of H 0 SO 4 . Then rinse the 
crucible with 20 ml. of the sulfuric-succinic acid solution. Stir the solution and 
dilute to 100 ml. Add KMnO^ to a distinct pink color. The solution is now ready 
for passing through tlte Jones reductor. 

(i) If the reductor has been standing idle, pass 100 ml. of warm (40° to 50° C.) 
HoSO^ (5:95) through it and then some water, and discard the wash solution. Place 
25 ml. of the ferric phosphate solution in a 1-liter suction flask, and connect the 
flask and reductor so that the tip of the reductor is immersed in the solution. Open 
the stopcock and, without allowing the zinc at the top of tlie reductor to become 
dry at any time, pass through the reductor in succession 150 ml. of the waiTn 
(70°C.) sulfuric-succinic acid solution, the warm (60°C.) solution of niobium, 100 
ml. of warm sulfuric-succinic acid solution, and three 50-ml. portions of hot water, 
closing the stopcock widi the water just covering the top of the zinc. 

(J) Cool the flask and solution in ice water or by adding ice cubes made from dis- 
tilled water. Transfer the solution to an 800-ml. beaker, add 2 drops of 1,10- 
phenanthroline-ferrous sulfate indicator, and titrate with 0.05 N KMnO^ to the 
disappearance of the red color. 

(k) Blank.— Make a blank determination by fusing 0.0500 g. of TiO^ with 3 g. of 
KgSgO^, dissolving the melt in the sulfuric-succinic acid solution, passino- the solu- 
tion through tlie reductor, and following exactly the same procedure as used for 
the analysis. 


107 Small amounts of platinum may be found occasionally in the final ignited oxides 
In very accurate work the oxides should be examined for platinum, which if found 
should be determined and deducted. The ignited residue may also contain small amounts 
of tungsten and phosphorus. If the tungsten content is suspected or known to be over 
the procedure described in the section on Tungsten Steels. Paragraphs (a) to (d) 
shall be followed for results of the highest accuracy. ^ ^ 
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(1) Calculation.— Calculate the percentages of niobium and tantalum as follows: 


Niobium, per cent 
Tantalum, per cent = 


(A ~ B)C X 0-0465 
D 

1.43^) X 0.819 


(£- 


X 100 
X 100 


where A = 
B = 
C = 
D = 
E = 
F = 


milliliters of KMnO^ solution required for titration of the sample, 

milliliters of KMnO^ solution required for titration of the blank, 

normality of the KMnO^ solution, 

grama of sample used, 

grams of mixed oxides (Paragraph (tf)), and 

grams of niobium determined as described in Paragraphs (g) to (i). 


2. Molybdenum and Titanium Steels.— (a) Determine niobium in accordance with 
the procedure described in Section I (a) to (e). If the steel contains more than 
0.5% of molybdenum or 0.1% of titanium, the final hydrolysis precipitate will 
contain small amounts (about 0.1 to 0.02%) of e.ich of these elements. The nio- 
bium (plus tantalum) value indicated by the weiglit of the ignited oxides (see 
Section 1 (e) can be coirccted for these elciucms as described in tlte following 
Paragraphs (b) and (c). 

(&) Dissolve the ignited oxides in 3 to 5 ml. of HF, add 10 ml. of H0SO4 (1:1), 
and evaporate to wiiite fumes to expel all HF. Cool to about 15”C., cautiously add 
20 to 25 ml. of (3%). cool, and compare the yellow color with a titanium 

standard similarly prepared.^'’* 

(c) Add NaCNS and SnCL. extract the colored compound (jjreferably with butyl 
acetate), and compare with a molybdenum standard similarly treated. 

(d) Calculate the weights of molybdenum and timnium to M0O3 and Ti02 and 
correct the weight of Nb^O- accordingly. Calculate the percentage of niobium as 
described in Section 1 (/). 

5. Tungsten Steels.— (a) Dissolve tlie sample and precipitate niobium as de- 
scribed in Section 1 (a). Tungsten will also accompany niobium and shall be re- 
moved as described in Paragraplis (b) to (d). 

(b) Ignite the precipitate iti a platinum dish. Transfer the ignited precipitate 
to the original 400-ml. beaker, add 20 ml. of NaOH (100 g. per liter), cover, and 
heat to boiling lor about 3 min. Dilute to 100 ml. with water, add an excess of 
HCl, and heat to boiling to dissolve any iron present. Add an excess of about 1 
ml. of NH4OH, and heat until only a faint odor of ammonia persists. Filter on a 
9-cm. paper containing a little ashlcss paper pulp, and wash 18 to 20 times witli 
hot NH4CI wash solution. 

(c) Ignite in a 50-ml. platinum disli at a low temperatuie, cool, and add 3 to 5 
ml. of HF, 2 ml. of HCIO4, and 6 ml. of H2SO4 (1:1). Evaporate to dense white 
fumes, and continue the heating until tlie volume has been reduced to about 2.5 
ml. Cool, cautiously add approximately 5 ml. of cold water, and transfer to a 
400 ml. beaker containing an excess (about 50 ml.) of NH4OH (1:4). Rinse the 
dish well with HCl (1:49). Scrub the disii with a filter paper moistened with HCl 

108 Niobium gives a very slight color with H2O2 in H2SO4 ( 1 : 9 ). equivalent in 
of titanium to about 0.2% of the niobium; for example, with 1% niobium, 0.002 should 
be subtracted from the indicated titanium (1.0 x 0.002). 
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(1’49) and add the paper to the solution. Should the solution become acid during 
the rinsing of the dish with HCl (1:49), add bromcresol purple as indicator, and 
then carefully add NH^OH until the solution just becomes purple. Boil 1 min., 
or until only a faint odor of ammonia persists, filter on a 9-cm. close-texture paper, 
and wash the filter and precipitate 12 to 15 times with hot NH 4 CI wash solution. 

(d) Transfer the paper and precipitate to the 400-ml. beaker, add 100 ml. of 
HCl (5:95) and 20 ml. of H 0 SO 3 , and boil the solution for 3 to 5 min. Digest at 
65° to 70°C. for about 15 min., or until the precipitate has settled. Filter through 
a close-texture paper containing paper pulp, wash thoroughly with HCl (1:49), 
and complete the determination in accordance with Section 1- (e) to (/). 

NIOBIUM AND TANTALUM 

THE HYDROLYSIS (PHOTOMETRIC) METHOD (E30-60T) 

Principle of Method.— Niobium and tantalum are separated by double hydrolysis. 
The final mixed oxides also contain tungsten and titanium. Tantalum is deter- 
mined photometrically by measurement of the color produced with pyrogallic acid. 
Niobium and tungsten are determined by double photometry by measurement of 
the color produced with hydroquinone at two different wavelengths. 

Concentration Range.— The recommended concentration ranges are 0 to 4 mg. 
of tantalum per 100 ml. and 0.0 to 0.4 mg. of niobium per 100 ml., using a cell depth 
of 1 cm. Other cell depths may be used by making suitable adjustments in the 
sample size. 

Stability of Colors.— The stability of the colored complexes of tantalum, niobium, 
and tungsten is quite satisfactory. However, there is a very slow increase in the 
color densities due to intensification of the basic colors of the color-developing 
reagents themselves. Consequently, the reagents should be prepared just before 
use. Careful control of time and temperature are essential. 

Interfering Elements.— (a) In addition to niobium and tantalum, the hydrolysis 
residue contains nearly all of the tungsten (if the tungsten is hot in excess of that 
whicli can be carried down by the niobium and tantalum), and a small but sig- 
nificant amount of any titanium present. The presence of these elements neces- 
sitates the application of corrections as indicated in Paragraphs (b) and (c). 

(b) Corrections Required for Tantalum.— The total absorbance reading at 430 
ra/A includes that due to tantalum plus absorbances due to titanium, niobium, and 
tungsten. The interference effect of these elements may be expressed as follows: 

0.1 mg. Ti (0.01% Ti on 1 -g. aliquot) = approximately 0.02 to 0.03% Ta 

10 mg. Nb (1% Nb on 1-g. aliquot) = approximately 0.01% Ta 

1 mg. W (0.1% on 1-g. aliquot) = approximately 0.005% Ta 

The titanium interfeience is vety significant and, therefore, correction must be 
made on all determinations. The interferences of niobium and tungsten are very 
small, but corrections should be made in analyses requiring the highest accuracy 

(c) Corrections Required for Niobium and Tungsten.-The total absorbance 
readings at 400 and 520 m^t include those due to niobium and tungsten plus ab- 
sorbances due to titanium at 400 and 520^ m and to tantalum at 400 m/i. The 
interference effect of these elements may be expressed as follows: 
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(7) Ai 400 mti: 

O.OI mg. Ti (0.025% Ti on 0,04»g. aliquot) = approximately 7 absorbance units 
0.1 mg. Ta (0.25% Ta on 0.04-g. aliquot) = approximately 10 absorbance units 

(2) At 520 mu: 

0.01 mg. Ti (0.025% Ti on 0.04-g. aliquot) =* approximately 10 absorbance units 

These corrections are quite small but should not be ignored in analyses requiring 
the highest accuracy. 

lleagenls. (a) Ammonium Oxalate Solution (40 g. per liter).— To 80.0 g. o( 
ammonium oxalate add approximately 1 liter of water and heat until dissohed. 
Transfer the hot solution to a 2000-ml. volumetric flask and immediately dilute 
nearly to die mark with cold water. Cool to room temperature, dilute to die mark, 
and mix. 

(b) Pyrogallic Acid Solution (500 g. per liter).— Each determination requires 20 
ml. Prepare the amount required (just prior to use, since this solution gradually 
becomes colored) in a glass-stoppered Erlcnmcyer flask in the ratio of 50.0 g. of 
pyrogallic acid to 100 ml. of water. Swirl occasionally until dissohed. Tlie time 
required for dissolution is about 1 hr. 

(c) Hydroquitione-Sulfuric Acid Solution (CO g. per liter).— Each determination 
requires 100 ml. Prepare the amount required (just prior to use, since this solu- 
tion gradually becomes colored) in the ratio of C g. of hydroquinone per 100 ml. 
of HoSO^. Stir occasionally utitil dissolved. The time required for dissolution is 
about I hr, 

(d) Stannous Chloride Solution (500 g. per liter).— Dissolve 30 g. of SnCI^-SH^O 
in 100 ml. of HCl (1:1) by heating in a covered beaker. Cool and store in a glass- 
stoppered bottle. 

(e) Standard Tungsten Solution (1 ml. = 0.1 mg. >V).— Dissolve 0.0897 g. of 
Na2W04 -21120 in water and dilute to 500 ml. 

(f) Standard Titanium Solution (I ml. = 0.15 mg. Ti).— Fuse 0.125 g. of Ti02 
(less than 0.01% Ta or Nb) in a platinum crucible with 4 to 6 g. of KHSO^ or 
NaHSO^. Leach in 100 ml. of H..SO4 (1:1). dilute to about 200 ml., filter, and 
dilute to 500 ml. with water. Standardize as follows: transfer 50-ml. aliquots to 
each of two 250-ral beakers, add 15 ml. of HoSO, (1:1), and cool to 5* to 10”C.: 
precipitate the titanium with 15 ml. of cupferron (aqueous solution (60 g. per 
liter)): add paper pulp, filter, and wash with cold water 8 to 10 times; ignite and 
weigh as TiOj. Calculate the titanium equivalent of the solution, in milligrams 
per milliliter, as follows: 

/I V 0 5995 

Titanium equivalent = X 1000 

where A = grams of TiOa. 

(g) Standard Titanium Solution (1 ml. = 0.015 mg. Ti).— Dilute 10 ml. of tita- 
nium solution (1 ml. = 0.15 mg. Ti) to 100 ml. in a volumetric flask. 

(h) Standard Tantalum Solution (1 ml. = 0.25 mg. Ta).— Add 10 to 15 drops o 
H2SO4 (1:1) to 0.272 g. of KaTaF, (less than 0.01% Ti or Nb) contained m a 
platinum crucible and evaporate to dryness under a hot plate or on a sand bat 1. 
Add 4 to 6 g. of K.HSO^ or NaHS04 and fuse at a low temperature until clear; heat 
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= 0.8 mg. Nb) to lOO-ml. volumetric flasks. Proceed as directed in Paragraph (a) 
(/) and (2) for the determination of tantalum. 

(2) Plot the absorbance readings against milligrams of niobium per 100 ml. From 
die known amount of niobium present in the sample (as determined in the Pro- 
cedure), the absorbance correction to be applied to the tantalum reading can then 
be determined. 

(c) Correction of Tantalum Absorbance for Tungsten Present: 

{/) Transfer 5.0, 10.0, 15.0, and 25.0-ml. portions of die tungsten solution (I ml. 
= 0.1 mg. W) to 100-ml. volumetric flasks. Proceed as directed in Paragraph (a) 
(/) and (2) for the determination of tantalum. 

(2) Plot the absorbance readings against milligrams of tungsten per 100 ml. 
From die known amount of tungsten present in the sample (as determined in the 
Procedure), die absorbance correction to be applied to the tantalum reading can 
then be determined. 

(d) Correction of Tantalum Absorbance (or Titanium Present: 

(7) Transfer I.O, 2.0, *1.0, and 6.0-ml. portions of the titanium solution (1 ml. s 
0.15 mg. Ti) to 100-ml. volumetric flasks. Proceed as directed in Paragraph (a) 
(7) and (2) for the determination of tantalum. 

(2) Plot the absorbance readings against milligrams oi titanium per 100 ml. 
From die known amount of titanium present in the sample (as determined under 
Tantalum Determination below), the absorbance correction to be applied to the 
tantalum reading can then be determined. 

Preparation of Correction Curves for Niobium and Tungsten, (a) Correction 
of Niobium Plus Tungsten Absorbances for Ti Present: 

(7) Transfer 1.0. 2.0. 1.0, and 0.0-nil. portions of the titanium solution (1 ml. = 
0.015 mg. Ti) to 125-mI. Phillips beakers. Proceed as directed under Niobium 
Determination below for die determination of niobium and tungsten. 

(2) Plot the absorbances at 400 in#* and 520 ni/* against mg, titanium per 100 ml. 
From the known amount of titanium present in the sample (as determined in 
Paragraph (d) of die pioccdure). the absorbance corrections to be applied to the 
niobium plus tungsten readings at each wavelength can dicn be determined. 

(b) Correccian a£ Niobium Plus Tungsten /ibsorbance at -400 ntft lor Tantalum 
Present: 

(/) Transfer 1.0, 2.0, 3.0, 4.0, and 5.0-ml. portions of die tantalum solution (1 ml. 
= 0.025 mg. Ta) to 125-mI. Phillips beakers. Proceed as directed in the procedure 
for die determination of niobium and tungsten, obtaining absorbance readings at 
400 m/i only. 

(2) Plot the absorbances at 400 only (tantalum shows no absorption at 520 
m^) against mg. tantalum per 100 ml. From the known amount of tantalum pres- 
ent in the sample (as determined in the following Section), the absorbance correc- 
tion to be applied to the niobium plus tungsten reading at 400 can then be 
determined. 

Separation of Niobium and Tantalum by Hydrolysis.— (a) Transfer 2.0 g. of 
sample to a 400-mI. beaker. If the niobium content is less than 0.20% (or if the 
tantalum content is less than 0.05%), use a 4.0-g. sample and increase the acid addi- 
tions in proportion. Add 20 ml. of HCl and 5 ml. of HNOg, cover the beaker, and 
heat until action ceases and only carbides of niobium and other elements remain 
undissolved. Add 25 ml. of HCIO^ and evaporate to fumes. Cover the beaker and 
continue the fuming for at least 5 min. after the chromium is oxidized, heating m 
such a manner that the HCIO^ refluxes on the sides of die beaker. Cool somewhat, 
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add 175 ml. o£ hot water and 50 ml. of saturated H0SO3 solution. Place a small 
piece of hardened filtered paper under the end of the stirring rod to prevent 
bumping and boil for 5 min. to hydrolyze the niobium, tantalum, and tungsten. 
Stir in a small amount of ashless paper plup and digest at 60“ to 70“C. for at least 
30 min. (preferably 4 hr. or more). Filter through a medium paper containing a 
little paper pulp. Wash the beaker with hot HCl (2:98) and scrub it with a piece 
of hardened paper moistened with HCI (2:98). Add the paper to the filter, wash 
the beaker once more, and then wash the precipitate and paper with hot HCl 
(2:98) until free from perchlorates (about 10 to 12 washings). 

(b) Transfer the precipitate and paper to a 30- or 40-ml. platinum crucible, char 
the paper, ignite at 1000“C. or higher for 10 min., and allow to cool. The residue 
consists of the oxides of niobium, tantalum, tungsten, titanium, and silicon plus 
small amounts of other oxides. 

(c) Moisten the residue in the crucible with H^SOj (1:1) and add 3 to 5 ml. of 
HF. Evaporate cautiously to dryness, add 3 to 5 g. of KHSO^ or NaHSO j and fuse 
at a low temperature until clear and then at a dull red heat for 1 min. Leach 
the fusion by heating in 100 ml. of HCl (2:98) in a 400-ml. beaker, and rinse and 
remove the crucible. 

(d) Dilute to 200 ml. with hot HCl (2:98), add 40 ml. of saturated H^SOg solu- 
tion, boil for 5 min., add some ashless paper pulp, and digest at 60“ to 70“C. for 
at least 30 min. (preferably 4 hr. or more). Filter and wash as directed for the 
first precipitation. 

(e) Transfer the paper and precipitate to a platinum crucible, char at a low 
heat, and then ignite at 1000°C. or higher for 10 min. 

(/) Cool, add 3 to 5 g. of KHSO^ or NaHSOj, and fuse at a low temperature until 
clear and then at a dull red heat for 1 min. (A blank consisting of 3 to 5 g. of 
KHSO4 or NaHSOj should be started at this point, fused in platinum, and treated 
in the same manner as the sample.) Cool nearly to room temperature, add 5 
drops of H2SO4, and again heat at a temperature just high enough to obtain a 
clear melt. Do not heat longer than is necessary lest an excessive amount of H.,SOj 
be volatilized. Cool the fusion, leach in 50 ml. of ammonium oxalate by heating 
gendy in a covered 250-ml. beaker. Remove the- crucible and rinse with a small 
amount of water. Cool, transfer to a 100-ml. volumetric flask, dilute to the mark 
with the oxalate solution, mix thoroughly and reseia'e (Solution “A”). 

Determination of Tantalum— (a) Transfer 50 ml. (representing 1.0 g. of sample) 
of Solution "A" to a 100-ml. volumetric flask. Add 10 ml. of H^POj (1:3) and 
dilute to 60 to 75 ml. with oxalate solution. Add 20 ml. of freshly prepared py- 
rogallic acid solution, mix, dilute to the mark with oxalate solution, and mix 
thoroughly. Allow to stand for 10 to 15 min. for complete color development 
During this period adjust the temperature to within ±1°C. of that temperature at 
which the calibration curve was established (a temperature close to the average 
room temperature is recommended). ' ^ 

(b) Add a portion of the blank solution to a 1-cm. cell and adjust the spectro- 
photometer to zero absorbance at 430 m/t. Measure the absorbance of the sample 
and record as: ^ 


Tantalum absorbance (uncorrected) 

(c) The tantalum absorbance must be corrected for the absorbances due to 
niobium, tungsten, and titanium as follows: , . , 
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Tantalum absorbance (concclcd) = /I — (B + C + C) 

where A = lotal absorbance from curve, 

B — niobium absorbance at 430 m/i, 

C = tungsten absorbance at 430 mfi, and 
D = titanium absorbance at 430 m;*. 

The absorbance corrections to be applied arc basctl on the niinigranis of niobium, 
tungsten, and titanium present in the 50-niI. aliquot (ecjuitalent to 1 g. of sample) 
used for ilie tantalum tletcmhnation. These aic tletcrmincd as directed in the 
following sections. 

(d) The milligrams of niobium and tungsten present ate determiticd as directed 
ill die next two sections. Since a (or 5-mL) alitiuot is used for the niobium 
and tungsten determinations, tiie milligrams of niobiiini and tniigstcn found are 
multiplied by 25 (or 10) to obtain the inilUgrams per 50 ml. Then, by reference to 
the correction curves for niobium and tungsten (I'ar.igraplis (A) and (c) of Calibra- 
tion and Correction Curves) the ubsorhance corrections to be applied to die tan- 
talum reading may be determined. 

(e) The milligrams of titanium present »s determined ns follows: transfer a 3J- 

ml. aliquot of Solution “A” to a 25-ml. volumetric llasL; add I ml. of H-SO, 
(T. 1), I ml. of dilute to the marV. .nid mix; adjust the photometer 

to read zero absorbance at 430 against water; and then measure the absorbance 
of the unknown solution; determine the amount of ihanium present frora » 
previously prepared calibration curve. Tlicii; 

Titanium, mg. per 50 ml. =» titanium found, ing. X 

By reference to the titanium correction curve (i»ar.igrapU (d)) the absorbance cor- 
rection to be applied to the tantalum reading cart be determined. 

(f) From the corrected absorbance for tantalum as determined \\\ Paragraph (f). 
the milligrams of tantalum picscnt can be obt.vined by reference to die tantalum 
calibration curve (Paragraph (a)). Then, 


Tantalum, percent *= — ^ X X 

u . -... 1000 ^ 5 C 

where A ~ milligrams of tantalum. 

B ~ weight of original sample, and 
C = milliliters in aliquot. 

For a 2-g. sample diluted to 100 ml. and a 50-mI. aliquot taken: 


Tantalum, per cent » 


vl22vi22 

1000 2 50 


10 


<4 

Dete,-,m,uuion o/ will, an original .ample f 

of 2.0 g. use a 2-nil. aliquot of Solution "A" tor niobium, contents over 0.5%: 
le s than 0.5% niobmm use a S-ml, aliquot. Transfer to a 125.ml. Pbillip* 

Also start a blank at this point coosisUng of 2 ml. (or 5 ml.) of tlie blank solulio" 
prepared in accordance vn.h Paragmph (« of tl.c hydrolysis separation of nlobm^ 

and tantalum To sample and blank, add 10 ml. of H.!sO. and 1 ml. of 
(l;3), evaporate to dense white rnmes, and fume gently for 10 min. Cool the to* 
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/*).! 


and co„u-,.u .o room mu.,,c,a.u,c. Ad.l I drop only of SnCI wdu.ion m rrahurr 
the iron and molybdenuni. and mix iinincdiaiely and tlioroiighly. Add ajJino.xf 
mately 50 ml. of die hydroiluinonc solution and nn.x diuroUKldy. Iranslci (o a 
drv lOO-ml. volumetric llask and rinse out the Phillips heakei d to i times with ap- 
pro.ximately lO-ml. portions of the hydrotjuinone solution, adiliii)' cath svasimn^ Us 
the volumetric flask. Dilute to the mark with the hsdiotpiinone solution and miN 
thorou<,ddy. .Allow to stand for lU to 1.5 min. for complete color tlcselopment. 
Durinj^ this period adjust the temperature to within .c-I'Ck of that teinperaiutc that 
was selected for calibration. 

(b) Usiiiij 1 cm. cells, adjust the spectrophotometer to /eio absorbance at Pin m.u 
with the blank solution. .Measure the absorbance of the s.nnple solution at fun 
m/i. -Adjust to zero absorbance at 5110 ium witli the lilauk solution, .\feaMire the 
absorbance of the sample solution at 5‘iU m,i. 

Repeal this secjuence of operations for each s.iinple, 

(c) The total absorbance values at each wavelenj;th imist he cot ret ted for the 
absorbance due to titanium. Jn addition, the total aimnbaiue talue at lun nt,> 
must be corrected for the absorbance due to tant.duni. 'flierc is no correction hsr 
absorlrance due to tantalum at 5110 nip. 'riie .ibstub.ince coirectiotis to be .ipplie d 
are based on the milligrams of titanium and tantalum piesetit in the H-ml. (or 
5-ml.) aliquot used for the nioihum and tungsten detetinin.iiitjn. Deieimitie tltc 
absorbance corrections itt accordance with the folhrwing P.n .igr.iphs (d) atid {<'). 

(</) Calculate the milligiams of titanium per 2 ml. (or 5 ml.) as follows: 


mg. Ti/- nil. (or 5 ml.) 


mg. Ti/20 ml. (preceding set (ion (<•)) 
“'~lo“{otL5 j 


By reference to Paragraph {a) of the titanium corteciion curve, the currecifons 
to be applicil to the tot.d absmbance rcarlings at lOO ami 520 mp m.iy he deter- 
mined. 

(e) Calculate the milligrams of tantalum per 2 ml, (or 5 ml.) as follows: 


rai;. ’ivs ml. (or 5 n.i.) - 

2:1 (or 10) 

By reference to Paragrapir (6) of the tantalum correction cuive, the correction 
to be .i[}plicd to the total absovhaucc at -lOU jup inav be determined. 

(/) Calculate the conected absorbance readings at -fOO and 520 mp fiom tire fol- 
lowing equations: 


Corrected absorbance at -100 ~ .1 — (// -f C) 

Corrected absorbance at 520 m}i -- D — E 
where .-I = total absorbance at -100 mg, 

B = absorbance due to titanium at 4U0 nrg (Paragraph (a) of correction curves) 
C - absorbance due to tantalum at 400 mg (Paragraph (h) of concction curves)’ 
u - total absorbance at 520 mg, aird 

E = absorbance due to tiiairium at 520 mg (Paragraph (a) of correction curves). 

absorbance readings, determine the milligrams of niobium 

Calf Hr " formulas derived in the ne.xt section. 

nip as direr?"rM !! the slopes for 1 mg. of niobium at UK) and ;ii 520 

teted below and express in terms of absorbance X 1000. 
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For a 2-g. sample diluted to 100 ml. atul a 2-ml. aluptot takc.i: 

,1 ^ 100 100 5 

Niobium, per cent = X~~y '' o ' " •* 3 


(g) The following Older of caltulations i 
readings for tantalum at KiO uM. and {«)r 
ni#i. for the absorbances due to titanium. 
Calculate tlie per cent of nioliium and 
tungsten (preliminary values), based on 
these preliminary values, make the ic- 
niaining corrections of the tant.dum ah* 
sorbance for the alisorbames tine to nio- 
bium ami tungsten. Calculate the tan- 
talum value (lin.il). based on the lina! 
tantalum value, correct the niobium amt 
tungsten absorbance at RUt nni. (ialcn- 
late the niobium value (final). 

NITROGEN 

THE DI.S ril.L.VnON- 
TrrR.-vnox .Micnioi) 

d/ipnrntui.— rite apparatus vecom* 
mended for the determination of nitto- 
gen by direct distillation is shouii in Fig. 
21-U). The apparatus consists cssenii.dly 
of a droiiping funnel fur iiutoducing 
reagents, an SOO-ml. lung-neck Kjehlaiil 
llask, a comlenser, and a inodilied Vol- 
hard nitrogen receiving llask. The ap- 
paratus rccoimnended for the detci mi- 
nation of nitrogen by distillation with 
steam is shown in Fig, 21-11. 'I’he aj>- 
paratus is essentially the same as that 
shown in Fig. 2-1-10, with ilie addition of 
suitable means of passing steam through 
the solution in the Kjeldahl llask. 

Reagents, (a) Selenium.— I’owderetl s 


recommendeil; Correct the ah'arrbancc 
niobinm anti tungsten at lOU and o20 



Fic;. 21-10. .'\pp,iratus tot OeUMmm.tsitiu 
of Nitiogen bv Disiill.nioti: ,J. gt.ov hifoV 
for hanging up siuppct; It. 12r».inl. --rp.u.i- 
uu\ tunnel: special ivjehl.ilil iuh!>ci 

stopper; P. sOn-ml. longnctk K(el<l.ihl tfasi.; 
/•,. elrcliic heatet: /•’, cmttit-nwj; w.iter 
outlet; //, water inlet; f, uitHliticd \’i>lh.nd 
iiiiiogcn icccising Mask. 

leniinn. 


(b) Low-Ammonia Waier.-Nearly fill a 12-1. flask witlr distillcil water. Then 

add -1 g. of NaOH pellets aitd 2 g. of Devarda's alloy or 2 g. of a /inc-arpner 

couple made by rolling together 15 sep cm. of zinc ami 15 stp cm. of copper foil. 

igest at 90 to 95°C. for 12 to IG itr„ and then boil vigormtslv itntil the volume 
IS reduced to about 9 to 10 1. 0 - soiumc 


(c) Low-Ammonia and Alkali 'Water.-Preparc 9 to 10 1. of iow.:.mmoni:i w uer 

and W Cotmeci the flask with a block-tin cu.ule.tser 

and heat on an electric heater to distill the water. I'est each 100 ml. of distill tie 
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(b) Transfer 0.0, 2.0, 4.0. and 6.0 ml. of ilic niobium solution (I ml. = O.I mg. 
Nb to I25-ml. Phillips beakers. Treat as in the determination of niobium (pre- 
ceding section), using the blank solution to adjust the instrument to zero ab- 
sorbance. 

(c) Calculate the slopes at 400 and 520 niM by dividing the absorbances by the 
milligrams of niobium present. 

(d) Determine the slopes for tungsten at 400 and 525 m/i as directed for niobium 
in Paragraphs (b) and (c), using 0.0, 2-0, 4.0, and 6.0 ml. of the tungsten solution 
(1 ml. = 0.1 mg. W). 

((f) The colored compounds of the niobium and tungsten present absorb in- 
dependently of each odrer; therefore, the following simultaneous equations may 
be set up. 

Let: 

Am — the absorbance X 1000 at 400 m^, 

^620 = the absorbance X 1000 at 520 m/i, 
a = milligrams of niobium present, 
b = milligrams of tungsten present, 

X and X^ =» slope for niobium at 400 and 520 him respectively, and 
Y and Y^ ** slope for tungsten at 400 and 520 mu respectively. 

Then: 

'Vo + Ts = Am 

Yo' + IV * Atio 

Solving for a and b will give formulas (or calculating the milligrams of niobium 
and tungsten present in the sample (Note 23). 

Note 23 Lsaivple —The slope foi niubium is c()ui\alcnt lo absorbances per mg. of 1233 
and 314 at waielenglhs 400 and 520 ni«, rcspcciiiel). The slope for tungsten is ctjunaleiU 
to al)sorb.inccs per rag. of 331 and 361 at rvaveicngths 400 and 520 nift, rcspcctitely. 

Then: 


1233a + 33U = 4400 m/i 
314a + 361i = ^4628 m/i 

Solving for a and b: 

a(mg. Nb) = 0.00106 ^400 ~ 0.00097 Am 
A(mg. W) « 0.00361 Am ~ 0.00092 ^400 
(f) Calculate the per cent of niobium as foUotvs: 


Niobium, per cent = 


A v'lOQ 

1000 B 


100 


where A = milligrams of niobium, 

B = weight of original sample, and 
C = milliliters in aliquot. 
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For a 2-g. sample diluted to 100 ml. and a 2-ml. alKjuot taken; 


7S5 


X- , • .1 100 100 

Niobium, per cent X - — X - — 

‘ 1000 22 


A ■“ 


(iu (7 


(S) The following order of caiculations is iccoimncnded: Corrcil t!ir ;tbsorbanr.c 
readings for tantalum at l.Ui wp, and for niobium and tun^^tt•lI at 100 and a’Oi 
niM, for the absorbances due to titanium. 

Calculate tlie per cent of niobium and 
tungsten (preliminary valucN). based on 
tiiese preliminary values, make the re- 
maining corrections of the tantalum ab- 
sorbance for the absorbances due to nio- 
bium and tungsten. Calculate the tan- 
talum \alue (final), U.iseti on the fin.tl 
tantalum value, correct the nioliiuin and 
tungsten absorbance at -UK) npi. C.dcu- 
late the niobium value (final). 


NITROGEN 

THE DISTlI,I..\'l'l(jx. 
TUR.ATION ME'I IIOI.) 
Apparatus.~lh<: apparatus reconi- 
mended for the determination of nitjo. 
^ N shown in Fig. 

-MU. File apparatus consists cssentialiv 

01 a dropping funnel for introducing 
reagents, an 800-ml. long-neck Kjehlahl 

Intrl’ and a modified Vol- 

ard nitrogen receiving llask. The an- 

P'-nm.s far ,l>r .ka-ruli. 

earn is shown ui Fig. 21-11. 'Phe its- 
Riratus IS essenti.allv the same as that 

iisr ‘‘f'' "f 



mtiogen tet cuing Hast,. 


tl„. 1 - . steam i 

the solution m the Kjehlahl flask 

- ■„ 

;:;rs 


Water. 


H‘st each loo nil. of distillate 
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with Nessler reagejit until the distillate is free of .immonia. Then collect the 
distillate in a large glass bottle. 

(d) Sulfuric-Phosidioric Acid Mixture.— To 1 liter of low-.imnionia water, add 
slowly, while stirring, 300 ml. of H„S 04 . Cool, and add 00 ml. of H 3 PO 4 . The 
mixture shall be prepared in an atmosphere free of ammonia fumes. 



S'fEl-L AND IRON ™ 

(.) standard Sulfuric Acid (0.01 A').-Ad<l 3 ml. of (1:0) to aUO mi of 

rvuer ind dilute to 1 liter. Standardize a.s follows: translcr 3a ml. of the dil. ird 
H...SO, to a small beaker and add 25 tt.l. of water and 2 d.ops of |,henolp!uh.du«, 
indicator: titrate with O.Ol .V NaOH to a faint peisiMcnt pmk: .tnd cortcti 

dte blank titration on the s;inie volume. , • , . u. i 

(h) Sodium Hydroxide Solution (;533 g. j»cr liter)."- f i.msfci ^ ^ ‘ 

water to a G-1. flask and mark the flask at the level of the lujunl. ^ 

NiOli and shake the flask to dissolve the NaOH. .^thl 1**0 >'d. of H.i .1,. ( g. 

per liter), 5 g. of Devarda’s alloy or 5 g. of the zim eopjar totiple (ae 

(b)). and 700 ml. of water. Digest at OU" to ‘.l.a'C. for several houis ami noil vi;'- 
oronsly until the volume is leduced to 3 1. .\ller the [ne(([»it-ftt; has settled, de- 
cant the nearly clear solutiott into a bottle piovided with .i gl-iss stoppet. 

(i) Standard .Sodium Hydroxide Solution (0.01 A'). 

Procednre.-{ii) Transfer 5 of the sample if the niliogen tontent b umki 
0.1%, or 2 g. if tiic nitrogen tontent is 0.1%. or over, to a 5t}0- or atin nd. rvjeld.dd 
Ihisk. ,'\dtf 0.2 g. of powdeied seleninm and 50 or 7U ml. of IDSOj-ll^lTlj mix- 
ture, tlepettdiug upoir whether 2 or 5 g. of the s.imp!e weie t.iken.’®^ Heal until 
tlie sample is tiissoivcd and then evaporate r.ipidly tintil white finiies ,ne dis* 
tinctly visible. WMthoiu cooling, rinse the neck of the ll.isk with 10 tnl. of 11 AOj 
(100%). Digest 2 to I lir., legulaling the heat ms tliat die sohtlion boils gently 
and there is a sliglu amount of fumes escaping at tlic outlet of die fi.ivk. Ciool 
somewhat, and add 200 ml. of low-ammonia water. .Stir and lie.it gi-nfly to div 
solve salts as completely a.s possible. .-Vvoid ev.tpotalion of imnh water. It is 

itnporiant that iron .salts lie dissolved: cltromium salts will not dissolve. Continue 

in accordance with I’aragraph (dj, 

(?r) Some steels may not dissolve in the I LSOj-H ^l*(d, nuMuie. If they an* 

soluble in MCI. dissolve the .sample in llCl, arid 1 mixturr*. amt pro- 

ceed wiiii evaporation and digestion in atioirlance with h.n.tgi.iph (a), 

(c) .Some stecl-s. notably high-tobah, will dissolve in neither the fl.AOj-ll^l'Oj 
mixture nor HCl, but are sohilrle in rlihite IICIO,. In this i.rse [UOKCtl as bd- 
lows; Transfer 5 g. of llie sample to a 3d0-ml. Krlenmeser flask. .\«Ul 3d ml. of 
HCIO., and 20 ml. of water. Heat on a .steam bath timil the s.nnp!e is divsidved. 
.•\dd 50 ml. of water and filter through a small paper (previously washed with 
low-ammonia water). Wash the paper several limes with HCl (l:‘»d) and reserve 
the filtrate. Place the paper in an 8()d-ml. Kjehlahl (l.isk. .-\dd Id g. of K.,.S(Jj, 

1 g. of CuSO.j, and 20 ml. of I'I._,SOj. Me.ii the flask, luotlerately at litsi, ami then 

at a temperature below the boiling point ol the acid until frothing ceases. The 
flask should not be lieated directly above the surface of the litpiitl. Imreasc the 
heat so as to boil the contem.s of the ila.sk for 15 to 20 min. after the siduiion has 
become colorless. Cool to room temperature and add the previously reserved fd- 
trate. Continue in accordance with Paragraph (d). 

(d) Rinse the conden.sei-. bottom stopper, and' leceiving liask with lt)w ammoni;t 

used should be regulated aeemding m the nitmgen and 
If n? - n ff chruiiuum is under O.a g.. ih,;,,* .sliould be no .scuous lumndim. 

mem L presciit. bumping may be conccied I.y adding a frag- 

seriniic hi silic.i coiubustum tube, carborundum civ.stals, or .similar mateiial. If 

ui a 2-^ ■•''‘‘^’1, it i.s advisable to 

containing silicon nitride, csneciallv for 
me electrical steels containing more tlian 1.7.5% silicon. ' I ««r 
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and alkali water. Place 10 ml. ol water, or a suflicicnt amount to form a seal, in 
the receiving flask or bulb, and add 4 drops of die mixed indicator solution. Add 
an amount of 0.01 N HaSO^ just sufficient to turn the indicator red.“2 Wlien 
the nitrogen content of steel exceeds 0 . 01 %, al.so add to the neutralized solution 
10 ml. of water, mixed indicator solution, and a measured amount of 0.01 N 
H.,S 04 approximately equivalent to the nitrogen. Tilt the rcceiscr to ensure a 
seal and fit it securely to the bottom of the upright condenser by means of tlie 
rubber stopper and a suitable support. Cover the outlet of the receiver with a 
glass cap to prevent contamination. 

(e) To an 800-mI. Kjeldahl flask add 125 ml.*” of NaOH (333 g. per liter) if 50 
ml. of the HyS 04 -H;,P 04 mixture were used (Paragraph (a)). Atid 150 ml. of 
NaOH (333 g? per liter) if 70 ml. of the H^.SO 4 *H 3 P 04 mixture were used or if 
the HCIO^-HmSO^ digestion (Paragraph (c)) was used. Rinse the inside and out- 
side surfaces of the glass lubes cirricd by the special Kjeldahl stopper with water 
and then rinse, with low-ammonia water, the inside and outside surfaces of the 
glass parts that extend into the flask. Shake oil the water and fit the stopper 
firmly into the neck of the Kjeldahl flask. Connect the end of the trap bulb to 
the upright condenser, and clamp the distilling flask finnly in place on the sup- 
port. 

(/) Transfer the acid solution of the steel, obtained in accordance witli Para- 
graph (a). (5), or (c) through the separatory funnel into the distillation flask. If 
direct distillation (Fig. 24-10) is to be used, rinse with 75 ml. ol low-ammonia 
water to make the total volume about -100 ml. If steam distillation (Fig. 2M1) Is 
to be used, omit this extra portion of water. Close the top of the separatory fun- 
nel with a stopper. Adjust a proper flow of cooling water througli ilie condenser 
and place the electric heater about 14 iu- from the bottom of the Kjeldahl flask. 
Do not rest the flask on a ring clamp, but heat tbc bottom and sides of the flask. 
If steam distillation is used, both the Kjeldahl flask and Uic steam-producing flask 
shall be heated. Distill as rapidly as possible until 100 to 110 ml. of distillate 
have been collected, as indicated by a mark on the receiver. Remove tlie receiver 
ancf heater. 

(g) If not previously done, add 4 drops ol the mixed indicator to the distillate. 
If the solution is green, titrate with 0.01 N RrSO^ to a wine-red color. Read the 
buret to O.OI ml., if possible. With steels of low nitrogen content, a 5- to lO-nil. 
microburet is helpful. 

(h) If the initial amount of 0.01 N atldcd to the receiving flask was in 

excess of the ammonia distilled (solution wiiic-red before titration), add from a 
buret sufficient 0.01 N NaOH to turn die indicator green, and then add a small 
measured excess. Titrate with 0.01 iV H^SO^ as described in Paragraph (g). 

(i) To obtain the equivalent of the added 0.01 N NaOH, add exactly the same 
amount of 0.01 N NaOH as before (Paragraph {h))> 3***1 again titrate with 0.01 N 
H 2 SO 4 to the wine-red end point. 

(j) Blank.— Make a blank determination, following the same procedure and using 

112 W. R. Sayie, in a private communication, has shown that small amounts of am- 
monia aie completely absorbed by water alone. 

113 One milliliter of the H 2 SO 4 -H 3 PO 4 mixture requires for neutralization about 1.25 
ml. of NaOH (333 g. per litei); 1 ml. of H.,S 04 (100%) requires about 4.5 ml. of NaOH 

g. per liter); and I ml. of HCIO 4 requires about 1.4 ml. of NaOH (333 g. per liter). 
The amount of NaOH solution iccommended should, therefore, provide an excess of about 
15 to 20 ml. ^ 
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amc nn,oun<s ot :,11 rc.sa.ls. Th. blank ,lu,nlcl no. 0.3 .nl. an.! 

should be uniforni* ^ r ii * 

(k) Calculaiion.-Calculatc the pcMtciitaj^c of a.. folIov.>. 

l(,i + B - C) - (/j 'h /■: “ /;■)]<'' '< 

Nitrogen, per cent ~ ' 


ff 


X fOO 


where .1 = milliliters of H.SO,, added to the al.sorptitat jia.4; for the ..uttple 1 Paragraph 
B = mUliliters of II;SOj re<juited for titration i^f the sample SParagi'apir 

9 >))> 

C=- milliliters of HbSOi equivalent to NaOll iolution adtled when vnnplr u 
titrated in accordance with Paragraph (/i) kicleftniiscd in accordata. c vvittt 


Paragrapii (f)), , . - • i . t. 

D = milliliters of Il-..SOt added to the ahsorption Hash lor tite hiassr;, 

£ = milliliters of H,SO( recpiired for titration of the idani:, 

£= milliliters of HuSOt eqtiivaleni to the NaOH solution adtlctl to the blank 
(determined in accordance with Paragraph {i}}, 

G = normality of the U-.'SOi, and 
// = grams of sample used. 


UOROX 


THE DISl'lLL.VriON CURC:U.\flN (PI UnX), ME rRlC) .MlCniOD 
(EOR PL.\IN C:AKP.0.\ .STEELS CO.N E.MNENC; 

UNDER O.OUH PER CENT ()E llORON) 

Priuclyle of Method,— Horou is sepatated by dislili.ttion as methyl hotatc. ’I he 
isolated boric acid reacts with curcnmiit to l«)rm a losckoloied lompotind. “The 
phototuetric measuteinetit is made at .ijjjiroxtniaiely a Hi m>i. 

Conccjilmtion /fnns'c.— The tecommentletl tonrenttation t.tnge is fiom d.UtJ} to 
O.OUS mg. of Itoroii in lUO ml. of stkhtiion, using a cell tlepih <>f 2 cm,‘‘* 

Slabilily of C’o/or,— The color is stalile for .ihovit 1 hr. 

Interfering Elements.— '{'he dements ordinaiily picsein in steel do mn inteiferc. 
The analyst should exercise cate to sec that phosphoiit acid does not sptay uvci 
during the solution or distillation of the sample, as phosphoiit acid will blc.ich 
the color. 

AfsfHiralus. (a) Apparatus for Determination of Uoron by Distillation.— riie ap’ 
paraius shall he suitable for the distillation of methyl Ircnale from a phosphoiic 
acid solution of steel. A typical arrangement is shown in Pig. 2M2. 

Flasks /I iUid B sh.tll fie lt)0-ml., wide*ncck tptart/ flasks. 1 he remaiitdcr of 
the apparatus, including the traps (with the exception of the coiuienser jacket.s) 
shall be constructed of low-boron glass.'''' 


'll This proccdinc has been written for .a cell Itaving a 2 ciu, light path. Cells h.ivine 
other clnnensioiis may he used, provided suitable adjustmcins can he made in the amounts 
of sample and leagents used. 

The Ame..dl Co.. Inc., Gd.'; 
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(b) Casseroles.— Poicclain casscioles of 300-inl. capacity, j)rcfcrably new, 

(c) Water Bath.— An .luioinaiually coniiollcd water batli c.ipable of maintain- 
ing a temperature of 55* ± 3*C. 

(d) Filtering Crucible.— A friitcd-glass crucible of fine porosity. 

Reage/tis.^'' (a) Standard Boric Acid Solution (1 ml. = 0.002 mg. B).— Transfer 

0.572 g. of HjBO.i to a SOO-tiil. volumetric flask, dilute to the mark with freshly 



Flc. 24-12. Apparatus tor Determination <>t Boron by Distillation; A. solution Bask; B, 
recenmg fl.ask; C, trap; D, aiixiUar\ cnndciiscr. 


distilled water, and mix 
flask, dilute to the mark 
boron container. 


Transfer 10 ml. of this solution to a l-liter volumetric 
with freshly distilled water, and mix. Store in a low- 


r-,rn Su'P™*'®" (5.6 g. CaO i,cr Hter).-lKnitc low-boron 

. u, (U.0001% or less of boron) in a platinum dish at 500” to 600”C. Grad- 
ually raise the tcrnpenimre to I000"C. and hold at this temperature for at least 
m min Cool and grind in an agate mortar. Add 5.6 g. of the Rncly ground CaO 
to 1 liter of freshly distilled water, and store in a low-horon container. Thor- 
ougi y mix tie solution eacli time before drawing off a portion for use in analysis. 

All solutions and reagents shall I>e stored in bottles made of low-boron glass. 
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S g- o[ NaOH |idlcLs lo 0.5 liter of absolute nicthaiKil. 

and distill in lou'-boron appaiaius. Stoic in a lu-.v-lKiuin (oniaincr. 

(c) Phosjdtoric Acid (85C5).~'riie boron (oiuent of 10 ml. of the H;..! f>, 

not exceed 0.001 mg.'r'’ 

(f) O.xnlic Acid Solvuion.-Uissolvc 50 g. of oxalu; and in l.iO ml. of .neOmc 
and filter, 'riiis soltuion is si.iblc for ap|)roximately two weeks. 

(>') Curcmniii .Solution (0.115 g. per liter). —l^issoUc (i.lO g. of tuttuinin in 100 
inl.%f etiianol (05^';,). filter.'-" and store. inefei.diK in a inown low boton bottle. 
Tin’s solution sliould be kept not longer th.in four weeks. t)ne ui two points 
on tile calibration curve should be checked each lime a new solution is ptep.ucd. 
(h) Acetone.— l.ow-iioi on .icetone. 

Prinporation of Colihrolion Ir.insfet l.n-. 5.0, aiul bO-nd. ali- 

quots of boric, acid (I ml. ■ O.dd’J tug. U) to lUO-ml. tiii.ut/ H.isks ./ (see Pig. -bl'-b. 
To eacli fl:i.sk ami to an additional ll.isk to hr c.nrietl through .is .( hhmk. adil :» 
ml. of Ca(Oil)j suspension (a.ti g. Cat) per litei). 

(5) Evaporate the contents of the flasks to dtviic's. Add t).a g. of low hoion 


steel to each flask, including tlie blank. 

(c) To a lUO tnI. ciuart/ flask U, add a*) ntl. of lueth.inol .md 5 ml. of CaiOffp^ 

suspension (.5.(5 g. (iaO per liter). To the tr.ip add esiougli ssnpension 

(5.6 g. Cat) per liter) to form a licjuid se.d. .\dd Kt nd. of fl ji'O, to the li.isk ,f, 
containing the stmiple atid asseiidric the .i|ip.n.»tus .is iflustt.itcd in lig. -ML'. 
Turn on the water supply to both the attxiliary <uiidensei I) and the nmdenser 
leading to flask li, and fieac the flask (<mtaining the '.nnple gentlv by means of 
a small burner until tlie reaction te.ises. Remose the he.tt fiom the Ibisk. ,iml 
disconnect the water sujrply (torn the atixili.ny tomlensci /). 

(d) Place flask li in die lioi water, .iml heat until ahont La ml. of tncthanul 
has distilled over into flask ,i. 'riieii place both fl.isks in hot w.iiei. and he.it v> 
that the methanol will estlc evenly hetween fl.tsk .1 ,md fl.isk li for 50 min. 

{<:) Remove the flasks from tlie water baths .ind ii.insfet the sohnion ftom fl.isk 
B and from the trap C to a LOn-ml, poicelain c.issciole. Rinse the fi.isk .iml ii.i|r 
thorougidy, first with water, then with two drops of ffCI .uni .sgaiii witii 

water, adding all of tiie washings to the casserole, Ksapot.ite to dryness on a 
steam hath, remove, and cool to tuom lempeiainie. 

(/) To the residue in the casseiole, add 1 nd. of JK.'I (1:1) ,uul 5 ml. of oxalic 
acid solution, mix, and add 2 ntl. of enreumin solution (0.L5 g. per liter). When 
the residue in the casserole ha.s dissoKed. evapenate to dryness oti .i w.uei ir.itfi .it 
a temperature of 55® -.i: ^T’CL, and hake for 50 5 min. at the same teinper.uuie. 

(g) To the residue in the tooletl casseiole. add 25 ml. of acetone. .After the 
residue has dissolved, fdter through a friiied-glass crmihle of htic potosiiy into a 
100-mI. volumetric flask. Wash the crucible and contents witli 25 ml. of acetone, 
using H- to .5-ml. portions for eacli wa.shing. Dilute the .solution to lUO ml. with 
cold water and mix well, d'lie color will vary from a yellowish gieen lo a deep 
lose, depending upon the boron coiiceniration. 


for\"inl'*purpLe“‘‘'''“‘ '‘’t'U'daul.s siaiiclaul samidc .\'o, 55 »f ingot ium is .satisf.itim s 

ihis“pmpos™’ been found satisluctoiy (or 

u'lVh biter papei.s coiuain alcoliol-solulde huvon; lienee, it i,s aihisairle to litsi 

wash the paper with alcohol and discard the washings. oms.ioic to iitsi 
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(h) Transfer a suitable portion of the solution to an absorption cell, and meas- 
ure the absorbance or transmittance at approximately 540 nt;i. Compensate or cor- 
rect for die blank. 

(j) Plot the values obtained against milligrams of boron per 100 ml. of solution. 

Procedure.— (a) Transfer to a 100-ml. quartz flask A, 0.5 g. of the sample for a 
steel containing 0.002% or less of boron, 0.25 g. for a steel containing 0.002 to 
0.004% of boron, or O.IO g. for a steel containing 0.001 to 0.008% of boron. Trans- 
fer to another 100-ml. quartz flask a weight of low-boron steel equal to tlic weight 
of sample taken, and carry through all steps of the i>roceduic. 

Acid-Soluble Boron.— (5) Proceed as directed in the preceding section (c) to (It), 
reserving the flask A (preceding section (c)) for tlic dctcrininaiion of acid-insoluble 
boron. 

(c) Using the value obtaitied, read from the calibration curve the number of 
milligrams of boron present in the sample. 

(d) Calculation.— Calculate the percentage of acid-soluble boron as follows: 

Acid-soIublc boron, per cent = — 

where A — milligrams of boron (Paragraph (c)), and 
B = grams of sample used. 

Acid-Insoluble Boron.— (c) Dilute the solution in flask A, reserved as directed in 
Paragraph (5), to a \olumc of 90 ml. with HCl (1:8). Filter through a 9-cm., close- 
texture, ashicss paper containing a little ashlcss filter p.ipcr pulp. IVash out die 
flask with hot HCl (2:98) and police the flask well to remove all insoluble material. 
Wash the residue on the filter paper, first with hot HCl (2:98) to remote die iron, 
and then widi cold water to remove the HCl. 

(J) Transfer die paper and residue to a 15- to 20-ml. platinum crucible. Add 5 
ml. of Ca(OH)2 suspension (5.6 g. CaO per liter), and evaporate to dryness. Ignite 
at 600“ to 700“C. until the carbon is completely burned. Add I g. of Na^COj and 
fuse die residue, finally tilting and heating die crucible so diat die fusion is col- 
lected in a ball. Cool, remove the greater pan ol the fused mass by exerting a small 
amount of pressure on the crucible wall, and transfer the fusion to a clean, dry, 
quartz flask A. Cool to 10“ to I5“C. by placing die flask in cool water. Add 4 ml. 
of H3PO4 to the crucible, warm to dissolve tlic remainder of die fusion, cool, and 
add to flask A. Rinse out the crucible widi tw'o 3-ml. portions of H3PO4 and add 
to flask A. Assemble die apparatus immediately as directed in the preceding sec- 
tion (c). Heat flask A to obtain complete solution of the fusion, and continue as 
directed in Paragraphs (6) and (c). 

(g) Calculation.— Calculate the percentage of acid-insoluble boron as follows: 


Acid-insoIublc boron, per cent = 


A 

BXIO 


where A = milligrams of boron (Paragraph (J)), and 
B = grams of sample used. 


Total Boron.— (/i) Total boron equals die percentage of acid-soluble boron plus 
the percentage of acid-insoluble boroiu 
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BERYLLIUM 


THE OXIDE METHOD 


lieo'^cnls. (a) Isopropyl Ether. . at 

(b) Ammonium Chl.)ride Wasli .Soluuon.-Dis>oIvc 'iO };• m uatm. .ult! 

2 or 3 (hops of Ml, OH ami dilute to I liter. 

(c) Cupferron .Solution (GO g. per liter). 

(tl) Cupferron Wash Solution.-- Adtl lU ml. of cupfcrroti sohuitni (b!> g. per luer) 
to 1 liter of I ICl (1:0). 

(e) Hromcresol Purple Indicator. 

(f) Hydrogen SuHide Wash S<duiiojt.~Satutute Ih-SO, (I :!*!>) with n._.S, 

I>wcc(lure.~(is) 'rrausfcr at least 2 g.'-« of the sample, weighed to the nearest 

O.lH g., to a K)U-ml. beaker, .Add 30 ml. of MCI ami 10 tul. of lEXO,. cover, and 
di''cst until all action ceases, kiiudly evaporate to dryness but tlo not liakc. (.uol. 
add 20 ml. of HCI. and evaporate to ItJ nd. Dilute to 20(1 ml- with hot water, heal 
to boiling, and boil for 5 min. Filler through an Il-cm. metlium jsapei luntaining 
u little paper pulj) into .'i (i(itt-mi. lu'aker ami wash the p.ipcr .iml lesidue .tboul la 
times with HCI (2;hH). 'Fransfer the paper and pietijiit.de tea a platinum (ttnible, 
ignite ai a low tem}>eraiure to burn o(f the cat bun of the hltcr (»a(ier. .md reserve. 

(6) Evapoiaie the filtiatc to a siiu[n add atl ml. of llCil p'i:2n .iml heat to lioiling. 
Cool to 2U'’C. or below and rinse into a 3U()-ml separaloty funnel, using five rend, 
portions of cold HCI (a: 2). .Add laO nd. of isopntpyl etlter to the sepat.iloiy 
funnel, stopper, and shake for several minutes, leleasing the ptesstire on tite 
stopper from lime to time during the sh.iking. Allow the two layets to sepal, nc 
and draw oil the add layer into the original ti(!(!-ml. beaker, .Add 'Ja ml. of tuhl 
HCI (5:2) saturated with isopropyl ether to the sep.uaioiv funnel, stopper, ami 
shake well, .Again draw oil the acid layer into the (Uid-ml. luaker, and diMaid the 
ether layer. 

(c) Evaporate this .solntion to a volume of about in ml., add Ml ml. cd H.XO., ami 
15 ml. of HCIO, (Caution) in tbe order given, and evaporate to copious while 
fumes. Comimie the fuming lor about 5 min. to oxidi/e the duomium. (and 
and dilute to oOlJ ml. with hot water. .Add 5 g. of ,\'H,Cl and an estexss of 2 to 3 
ml. of NH^OH ( 1 : 1 ) >-a and hod for I min. Filter tlnough an ll-cm. medium 
paper containing a little paper pul[), and wash ahout 20 times with hot .\H,Cl 
wash solution. Discard the lilirate. 'Fransfer the paper and precipit.iUr to a 2311- 
ml. beaker and reserve, 

(d) Fuse the residue in the platitnuu crucible (Paragraph (n)) --r witlr .3 g, of 


wi'lhis nielhed is wiiiten to cover a range of bom OAO to l.lUl'.J, beiyllvum. For 
steels comaining from 0.t)r> to 0,.')0% beryllium, lake a propoitionalely huger saiiurtc with 
increased amoiuus of HCI and UNO;, for sulutiou of the sample, and of ether to lemove 

the iron, so that the sam])le will contain at least .5 mg., and piefei.ddv 15 to 30 me, of 
ueryllium. v i , t, • 

i^Cauiion.-Nitric acid must always be .naded before adding IlClOt or scihnis cxulo- 
sions may occur. « . • , 

securJJnn,m‘^?“ NHiOH specified in Paragraphs (c). (e). (g). (/). and (/) is ueccss.'try to 
secure complete pvccipnauon of the beryllium. ^ 

ihe absence of iimgsten and niobium, the Na...SoO; fusion of the ignited residue 

= addedShe solution 

Smhino ‘‘"‘I precipitate washed wiili NH,Cl wash solution. 

comnW fccipnaic wuli tliat transferred to the 2.50Mnl. beaker (Paragraph (ti). and 
complete the (Ictermination as directed in Paragraphs (f) to (/). ‘ ^ 
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NajjS^Oj at a temperature of appioxmiutcly TSO^C. Cool, and dissolve in 200 ml. 
of hot HCl (1 : 10). Add 10 ml. of boil for 10 min., mid allow to settle until 

the supernatant liquid is clear. Filter through an ll-cm. medium paper containing 
a little paper pulp into a 600-ml. beaker, and wash about 15 times with HCl (2:98). 
Discard the precipitate. 

(e) Add 2 ml. of HNO., to the filtrate and boil for several minutes. Next add 
an excess of 2 to 3 ml. of NH4OH (1:1),*-* boil for 1 min., filter through a 9-cm. 
medium paper containing a little paper pulp, aiul wash about 15 times with hot 
NH4CI wash solution. 

(/) Transfer the paper and precipitate to the 250'nil. beaker (Pamgraph (c)), add 
75 ml. of HCl (1:6). stir well, and boil for about 3 min. Cool to 20* C. or below, 
add a slight excess of the cupferron solution, and stir well.*®* Add 1 to 2 ml. addi- 
tional of cupferron solution and stir vigorously for several minutes. Filter through 
an Il-cm. medium paper containing a little paper pulp, using moderate suction, 
and wash about 15 times with cold cupferron wasli solution. Discard the precipi- 
tate. Collect the filtrate and washings in a 600-ml. beaker. 

(g) Evaporate to a volume of about 50 ml. Add 25 ml. of HNO., and 5 ml. of 
HCIO4 and evaporate to copious white fumes to destroy all organic matter. Cool, 
add 100 ml. of HCl (1:19), and heat 10 lx>iling. Immediately add a few drops of 
bromcresol purple indicator solution and NH4OH (1:1) until the color changes 
to purple: then add 2 to 3 mi. in excess.'^* Boll for 1 min., filter through a 0-cm. 
medium paper containing a little paper pulp, and wash about 15 times with hot 
NFI4CI wash solution. 

(/i) Ignite the paper and precipitate in a platinum crucible at a low temperature 
to burn off the paper. Cool, ad<l 5 g. of NaXO^, mix well, cover, and fuse for 15 
min. at approximately 1 100*C. Dissolve the cold melt in 100 ml. of hot water, filter 
through a 9-cm. medium paper containing a little paper pulp, and wash about 20 
times with NH4CI wash solution. Ignite the paper and residue in a platinum 
crucible at a low temperature to burn off the carbon of the filter paper.iss 

(1) Fuse the residue with 5 g. of Na^SX^ at a temperature of 750* to 800*C. 
Le.ich the cold melt in 100 ml. of hot HCl (1:9), add an excess of 2 to 3 ml. of 
NH4OH (1:1),*23 and boil for I min. Filter through a 9-cm. medium paper con- 
taining a little paper pulp, and wash about 15 times with hot NH4CI wash solution. 
Return the paper and precipitate to ilic beaker, add 20 ml. of HNO3 and 10 ml. of 
HCIO4, and evaporate to very copious white fumes to destroy all organic matter 
and to dehydrate any silica present. Add 50 ml. of warm water, heat to boiling, 
and filter through a 9-cm. medium paper containing a little paper pulp into a 
250-ml. beaker. Wash about 15 times with hot water and discard tlie paper. 

(/) Add 2 ml. of HCl and pass in H«S for about 20 min. to precipitate any plati- 
num picked up from the crucible during the fusions. Filler llirough a 9-cm. 
medium paper containing a little p.aper pulp into a 400-ml. beaker, and wash the 
paper and precipitate about 15 times with H.,S wash solution. Discard die paper. 
Boil die filtrate for at least 10 min. to expel the HoS, add an excess of 2 to 3 ml. 
of NH4OH ( 1 ; 1),’23 boji Jqj. I filler Uirough a 9-cm. medium paper contain- 

ing a little paper plup, and wash about 15 times with hot NH4CI wash solution. 

(k) Ignite the residue in platinum, first at a low temperature to burn off the 

125 An excess of cupferron is indicated when 1 drop forms a snow-white precipitate that 
rapidly disappears. 

120 If aluminum is present in more than trace amounts, make a second fusion with 
NaoCOa followed by leaching, filtering, etc. 
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paper, ami finally ai l 2 tlU“C. for :^0 uiin. (to rojut.iiu Cool. aii«l wcijjli 

(/) Calculate the peiceiU.igc of hciylliuiu .u folloivs; 

.1 X ^ , 

flcrylHuin. per ccut - • - - - a 


where A ~ gfaius of IktX atui 

It i^ranw of sample used. 


TIN 


/ IJI 


ED.. 


;>00 fT'i, 
ErU’enic j4f 
r.'ai-i 


Lead 

.Vci'Jht 


7<n ; 

So!'-! ’Oil / 


^ NoHCOi I 

\ OS.' JJiOfi {. , . t I 


THE SliLFlDlvlODlMF l RK: TI I RA TtON METHOD 

,l/;/;(jru/io.“-\Viicu lit! K to he retimed to the ^I,utum^s <.r.uc and tUrtcitniiictl hy 
litralioii with >taittiaid iodine or iotlatf vrlttiiois. .oi nin't he e\t(iided dufit *;4 
rcthitiioii am! titratioti to jucccni 

(ixkiatiuu til the ^t;mno^l^ tin. ’Hti-» /'TEf,.. EEEEED'S 

is Usual!) accomplislHtl i>> heepinp, ^ \ ( | | 

the Miluliott under a hlatihet of gax- S^war j j Slsii S.phorr j 

eoub CO.,, li may he ;t« tomphdutl ,_ 4 xL.., | | 

ill a vaiieiy of wass. One of tiic 1 i 

simplest methiHU is l»\ ute.uis of die ■ : | £rSiu'.nsc, 4 f | 1 

appatatus shown in Mjp 'dl K!. in ; Ti 1 | j 

wliith the teduction of the tin suhi j i j 

tioii is made in a flask tajtjad with .( / \ | I 

rubber stopper toni.iinin^ .in l. sh.ijic / \ Lead j | 

siphon tube. When lediu titui is tom l-ID V"! -*' •'•'ci'jfti | | 

plele, the em! of the siphtni sh.ill he , 4 — '[" 1 ' f 

dipped into a satmaletl sidntiun *4 _ / • • \ ,, £ ■■'f j : t‘ 

A.du.Oj ami SCI .isitle tt) tt)o|. When / ' \ Ss.'jO'.n | t I ! 

cool, the stopper is teituisctl ami ilie f" ■ - •• • A * I ■ 

snlutioii titiateil. /- ‘ ' ' \ E * I I [ 

lieaf’enls. (a) I’otassinni Petinan' , ■ - J ’ LJ j 

gatiaie .Solution {‘Jii g. K.MnC), per L :J 

liter). f it.. LM l; 5 . .\pp.natus lt>r Rtaliutitui ol J in. 

(b) .Vddified Aininoniuin .Sulfate- 

Hydrogen Stdfidu Wash fjolntioii. -Dissttlve .'**• g- of (.Nn,) ..S(i, in fUO ml. t>l II..sOj 
(IdO). Dilute lit ! liter ami saturate with ll.X. 

(c) Ferric Clhloridc Soluiitm (fig. I'eC.l, per literp -Dissolve It) g. of FeCl.phH.t) 
ill Water and dilute to I liter. 

(d) Test Lead (grauuhu ). 

(e) Antimony Trichloride .Stiltiiitm ( 21 ) g. ShCL jicr liter). —Disstilve 2 g. of .SliCI j 
ill 50 ml. of HCl, and tliluie nr lOO ml. with water. 

(0 Sodium Carbonate .Solution (lUU g. Na.XK)., per liter). 

(g) Starch Solution (10 g. per liter). 

(b) Standard Tin Solution (I ml. - 0.001 g. Sn). 

(i) Standard Potassium lodaic Solution (1 ml. - O.OOO.v g. Sn).— 'I bis concentra- 
Oon is appro.ximately 0.01 A', Siandartli/e the K. 10 ;v solution as follows: to ISO 
ni . of HCl ( 1 : 5 ) in a dOO-ml. Erlenmeyer llask, atitl 20 ml. of KeCd., soliulon. lO.O 
' 1 ' • of nn solution, 10 g. of test lead, ami i ml. of ShCl., solution; rctluce and ti- 
fi'ite wiili K.10.J as dirtcteii in Paragraphs (e) ami (/) of llie Piocedurc. 


111.. 2 t l; 5 . .\pp.n,itus lor Ivciliution ol J in. 
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Procedure, L Steels Soluble in Nitric Acid^(a) Dissolve 10 g. of tlic sample,*^^ 
weighed to the nearest 0.05 g., in a co\cicd TSO-ml. Erlcnnieyer flask in 100 ml. of 
water and 125 ml. of HNO^ (2:3) by wanning. Boil for 5 to 10 min. after solu- 
tion of sample is complete. Graditally add an excess of KMnO^ solution (5 to 15 
ml. usually suHiecs), and boil for about 5 min. Slowly add H^SOg until in slight 
excess, and then boil for 5 to 10 min. Cool to room temperature. 

(5) If the steel contains tungsten or other insoluble matter, allow the solution 
to stand for 2 hr., aild paper pulp, filter through a medium paper itiio a second 
750 mi. Erlennic)er fl.isk, and wash a few times with w.itcr. Reserte the filtrate. 
Return the paper and precipitate to the original flask, add about 15 ml. of H„SO^ 
and 20 ml. of HNO3. hc.it at a moder.itc tcriipcraiuic until the paper is dcsiiojcd, 
and then evaporate to incipicjil fumes of H«S04. U org.inic matter is indicated 
after the fuming treatment, .idd HNO3 in increments of 5 to 10 ml. followed by 
heating to incipient fumes until the tungstic .acid is bright )ellow, ^Vhcn tlic 
residue is completely decomposed, cool, dilute to 100 ml. svith water, heat to boil- 
ing, and digest at near boiling for )£• to 1 hr. Add a small excess of NH4OH and 
10 to 15 g. of tartaric acid. When the t.truric acid has dissolved, again add a 
small excess of NH^OH and digest at near boiling until solution is complete or 
nearly so (usually 1,1* to 1 hr.). Then add an excess of about 5 ml. of Hm ^04 atid 
heat on a steam bath for hr. Solution is generally complete at this point. If 
not, filter off any icsitluc .ind treat .ig.iin as described above, fin.iUy combining die 
solutions with the reserved filtrate. 

(c) Dilute the solution from Paragraph (/t) or (b) to about 500 ml., add paper 
pulp, and pass in a rapid stream of H;^,S for 30 to 45 min. Let settle for 1 hr., filter 
on an 11-cm. medium paper, and wash with the (NH4)2S04-HoS wash solution. 
Transfer the paper and precipitate to the A.'isk, add about 15 ml. of H^SO^ 'and 
20 ml. of HNO3, heat at a moderate temperature until the paper is (lestro)ed, and 
then evaporate to incipient fumes of H^SO^. If organic matter is indicated on he.it- 
ing to fumes, add HNO^ in uiacmcnis of 5 to 10 ml. follovvcd by healing until the 
globule of sulfur is bright yellow. Two or three treatments with HNO3 generally 
suffices. Finally fume until all traces of HNO3 arc driven ofl. Cool, dihue to about 
100 ml. with water and boil until the solution is clear or until all soluble salts are 
in sdiution. 

(d) Filter through an 11-cm. medium paper, into a 400-nil. beaker (to remove sul- 
fur and insoluble matter) and wash w'ith water. Dilute to 150 ml., heat to boiling, 
and add KMnO^ solution dropwise to tlxc boiling solution until a permanent pink 
color persists. Add 20 ml. of FcClj solution and adjust the volume to about 200 
ml. Heat to boiling, remove from the heat, add NH^OH (1:1) to slight excess (5 to 
10 ml.), and again heat to boiling. Filter on an 11-cm. medium paper and wash 
the beaker and paper a few times wiili NH^OH (2:98), and finally 2 or 3 times with 
water. Dissolve the precipitate by passing 180 mi. of hot HCl (4:5) through the 
paper, catching the solution in a 500-ml. Erlcnnieyer flask. Finally wash die paper 
3 to 4 times with hot water. Repeat the precipitation of iron and tin by adding a 
slight excess (5 to 10 ml.) of NH4OH (1:1). Heat to boiling and filter on an 11-cm. 
medium paper as previously directed. Dissolve the precipitate from the paper with 
180 ml. of hot HCl (4:5) catcliing the solution in a 500-ml. Erlenmeyer flask. Dilute 
to about 350 ml., and add 10 g. of test lead and 1 ml. of SbCls solution. 

121 For steels containing up to 0.10% of Un. use 10 B. of the sample; for tin contents 
from 0.10 to 0.25%. use 5 g. of the sample. 
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(f) StoppiM- liie fl;i!!k with ilic ruliln-r Moppcr of l-'if;. 21-l;i. 'ri}^lu«.’u tiu: sKtpjicr 

ill ilie (l;isk. licat to lioilinj^. ;iiul hoil :u ;i r;iic until the Mjlutiuu hctouu.-* 

colorless: then hoil 20 min. moic. lU-nmvr front the heat, itnineise the cNii fiid of 
the I'lass tithe in a 2')0-ini. hcakcr tontainini; .N’a^dO-, solution, and (ool the solu- 
lionln the flask to at least lU^'C. ,\«Ui .0 ntl. of Matrli solution and 2'> ml. of NaMCOi 
solution to the flask by means of pipets, insetting: the tip hetsveeii the stopjtet anil 
the neck, so as to allow as little aii as possible to etitei the flask as it may taua- 
low te.stth.s. 'litrate immediately with KIO, sohilion, toverini; the flask with a 
rtthhei or leather washer whiih contains a hole thioui'h which the butet tij> is in- 
.seiteil. Do not agit.iic the contents of the flask loo much while titiating, but mix 
hv gentle rotation, 'l ittate to the Inst iiersistent shade of blue. 

(/) Correct for a tcagcul blank by cariying all the reagents thioitgh the iame 
operations. 

(g) Calculation. “Calculate the percent.age of tin as lollows: 

Im, per cent “ •“ '2}'” ^ 

where .1 “ milliliter. 1 of KIO3 .solution re(|uiiecl ti^ titr.ite lire satiiplc, 

B — milliliters of KIOj .solution recpiired to titrate (he blank, 

C = tin eciulsalcnt of t!u^ K I Oi .solution, in gr.mw per milliliter, aiul 
D ^ granw of ;i,nnp!e u.sed. 

2, Sleds Insoltible in Mtiric Aci<l.~{(i) Tiansfer Id g. of the sample to a rfiU-ml. 
iirlcmncyer flask, add lad ml. of IICI (1:2). and dissolve by watming on a slc.im 
bath. When action ceases, caiefulls add ll.NCbj to oxidi/e the iton (apptoximalcly 
10 ml. is rciptited). Continue iu accotclaiitc with Section (h) to (h), 01 (c) ni (hp 


.Nr.VGNE.SiU.M 

THE 8-HYDROXYQUINOLlXi-: (MICRCURY C.-VF! lODE) .ME FHOI) 

(FOR C.A.S r IRON) 

Scope.— This mcliiod covers the determination of magnesium in commercial cast 
iions iliai iiavc lieen tieated hv tlie addition of magin siinn, in the lange of d.ild.li to 
0 . 25 '’' 

'/O* 

Princililc of J/e//to</.— Intel feting elements ate removed by an ctlier sepaiatiuu 
and electrolysis using a mertiuy cathode. .Mtei a hydrogen suliide separation, the 
niagiiesiuiu is precipitated as ilic S hydioxycjuitiolaie, and {tnally determined gi.ivi- 
metrically, by weighing the precipitate, or volumelrically, by bruminaiion with 
KhrO^-lvlir solution. 

Beugents. (a) .Ammonium .SuHitIc Wasli .Solution.— Dilute 50 ml. of .N'HjOU to 
I liter with water and saturate with H.^.S. 

(b) Ammonium Oxalate S'uhittou (foo g. per liler).~Dissulve lUO g. of ammo- 
nium oxalate itr -lOO ml. of water and dilute to I liter. 

(c) 8-Hyciroxytjuinoline Solution (-10 g. per liter).— Dissolve 10 g. of 8-hydro.xy- 
quinoline in 200 ml. of acetic acid (1:1). and dilute to 1 liter with acetic acid (1:1). 
I'ilter before use, and prepare fresh as needed. 

(d) Potassium JJroinate-llrornule Solution (0.05 iV),— Di.s.solve I.5'J17 g. of KlitO. 
and 5 g. of Klir in water', and dilute to 1 liter iu a volumetric flask (I ml. 
0-000152 g. iMg). This is a primary standard. 
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(e) Sodium Thiosulfate Solution (0.05 IV).— To standardize, pipet 25 ml. of 0.05 

N KBrO.^-KB^ solution into a 125-m). flask. Add 30 ml. ol water, 2 g. of Kl, and 
10 ml. of HCl (1;I). Titrate with solution to a light straw color, add 2 

ml. of starch solution, and continue titration to dis.jp])farance of the blue color. 

(f) Starch Solution. 

(g) Iron (Magnesium-Free).— Less than 0.001% magnesium. 

Procedure.— (a) Transfer 5 g. of the sample to a •100-ml. beaker. Add 10 ml. of 
HCl (1:1) and beat until action ceases. Carefully add 15 ml. of HNO3 (1:1) to 
oxidize the iron, and evaporate to dryness. Cool, add 25 ml. of HCl, and again 
evaporate to dryness. Add 23 ml. of HCl, cover, atul digest until salts arc in solu- 
tion. 

(b) Transfer the solution to a separatory funnel, rinsing titc beaker with HCl 
(1:1). Add 200 ml. of ethyl etiicr to the funnel, stopper, and shake vigorously. 
Allow the layers to separate, draw oil the acid layer, and gently evaporate (avoid 
free flames) to 5 ml. to remove the ether. Acht 20 ml, of HNO3 and 10 ml. of 
HCIO^, and evaporate to copious while fumes (Caution). Cool, add 5U ml. of hot 
water, and stir to dissolve the salts. Filter through a co.iise-iexture paper autl wasli 
the paper and residue 10 times with hot water. Discard tlie residue. 

(c) Transfer the filtrate to a mercury cithoclc cell, and electrolyze at 3 to 20 amp. 
per sq. dm., depending upott the type of cell, until the bulk of the iron has been 
removed. Transfer the solutioji from the cell to a 250'njl. beaker witli the current 
still flowing, rinsing the cell three times with 10-ml. portions of w’ater. To the solu- 
tion add 0.5 g. of FeS04(NH^)2S0|*6H_.0. and then NH^OH (I;l) until jieuiral 
to litmus paper; finally, add 10 ml. in excess. Pass a raj>id stream of HyS Uvrough 
the solution for 20 min. and allow the precipitate to settle. Filter through a fine- 
texture paper into a 400-ml. beaker and wash 10 times with NH^OH-HyS wash 
solution. Discard the precipitate. 

(d) Add HCl (1:1) to the filtrate until neutral to litmus, and then add an excess 
of 20 ml. Boil the filtrate down to a volume of 25 ml. to remove H..S. Add 10 ml. 
of ammonium oxalate solution and NH^OH (1:1) until the solution is neutral to 
litmus. Add an excess of 10 ml., allow to stand for 1 to 2 hr. at room temperature 
(approximately 70*C.), and filler through a coarse-texiure paper, to remove any 
precipitate which may have formed, into a ■100-ml. beaker. Wash the paper and 
precipitate 6 times wiili cold ammonium oxalate wash solution and discard tlie 
precipitate. 

(e) Make the filtrate just acid to liimus with HCl (1:1), heat to 60* to 70*C.. and 
add 10 ml. of 8-hydroxyquinoliiic solution. Add NH4OH (1:1) until neutral to 
litmus and an additional 10 ml. ni excess. Stir vigorously and let stand for 30 nn'n. 
to allow tlie precipitate to settle. Filter on a weighed frittcd-glass or porcelain cru- 
cible and wash 10 times with hot NH4OH (2:98). Then piocccd liy either Para- 
graph (/) or (h). 

(f) Dry the precipitate at IfiO'C. to constant weight and weigh as magnesium 
8-h) drox) quinolate. 

(g) Calculation: 


Magnesium, per cent 


(A - B)X 0.0778 
C 


X 100 


where A — grams of magnesium 8-hydroxyquinoIale, 
B = weight of blank, in grams, and 
C — grams of sample used. 
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(/i) Dissolve ilie waslied |ucci{>ilaic in ^50 ml. of hoi llCil (1:1) into a 25CJ.ml. 
beaker, by pouring ,siU{es*.i\o poriions ihrougli die truiilde, and dien wash die 
tmciblc tiiorouglily with hot water. Ciool the Mjhiiioii t() rooiii teinpeiaiurc. dilute 
to 150 nil., and aild from a huict an exactly lueaMiied voUniie of 0.05 ,V KHrO,- 
KlJr .solution suflicieni to piovtde an e\<ess of 5 jnl. Add li g. of K1 ami titrate 
ininiciliately with O.ila A' .\a._.xS^(J;, solution to a light .sti.iw color, then adt! 2 ntl. 
of .starch .solution and continue the titration to the tlisappearance of the l>lue <oloi, 
Make the titiation rapidly enough so that the el.tpsed time fiom addiiioti of the 
KlliO j KIir .sohuion to the eml jioinl ol the titr.stion iloes not exieeeti 1! min. 

(i) IJlank.— .Make the blank deteimination using magnesium-liee iion, following 
tluough all the steps of the procedure and using the s.iine amounts of all le.igetits. 
including e.xactiy the same volume of KHi().,-KBi sohitioti as w.is needed for the 
unknown. 

(j) Calculati(>it.~C:akitl.ite the peiceinage of magnesitnu as hillows: 

. (.1 - /DC X' U.nOant 

.vlagncsnmi, pc! cent ........ jqq 

where .1 ~ milliliters cjf solution iccjuiied to titrate the hhuik, 

B ~ niiliiliieis of Na.SrOj .Mjlmiun rec|nired to titrate the .sample, 

C ~ normality of .\aA>\0.i solution, and 
D — grains of sample used. 
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imlil till: ioUuioti turns I)i(»u'n .mil slightly cloutiy. Stir thoi'ouglily and then add 
(NH.)..C..O.| to dissolve tlic blown color (1 g. should he enough), ;\l!ow tiie svhite 
cerium* oivuiaic to settle (neniighi. then liher on a douhle jiapei of mcTinii pmos- 
iiy and wash ihoiougidy with an solution (ll.a g.. 1 g.,aUO 

ml.). Ignite the pieeijiitate t.ucfully to rare eaith oxides in a tautl crutil>le. C.ool 

and weigh. 

An alternate puJtedute is to dissolve .i s.uu|de in (I X IL.SO,. Idler into a poly- 
ethylene he.iker. dilute to Hin nd.. ,nld UK anti paper pulp, he.it l» to 'in 

min. to precipitate the rare earth nuoiitlcs. hlter, wash the piecipitate with 
lL.SOj-iIK ignite as above. 

CERIUM AND LANTHANUM (PHOTOMETRIC) METHOD* * 

Aplxtralits. ^ipctirophotoiucier with Khuue I’hoiometer Altathiuent. 

Mercury Cathode Cell. 

Proct’t/mr.- Dissolve .1 'S g. sample in in ml. ol HCi (1:1) with heating. Oxidize 
the bolmion c.nclully vsith a nd. ol UNO,, then .uhl ;>() tub IlClOp •nnl ev.iporate 
until wiiite itniies ocenr. Cool, .u!d lljn ml- td 11.^0 t<j dis>/j|\e itun salts, hhei 
and wash the paper ami rcsithie with liCd (I'.-tlj. Retain the Idtiate (Ncuk 21). 

.\<iTK g}.— Tungsten imi't be tciimvcd, if picseiu. to picsent loss ol lau; cat tbs to ail- 
iorption. 

Transfer tlie paper atul toiiietus to .1 platinum irutiide ami ash. Heal the aslut! 
residue with 2 tid. ol HK ami 2 ml. MClO, until white futnes appear, Ctjoh liilute 
with water, and add to the acid solniioti that will he left ftotu tiie nu thyl isolnilyl 
ketone e.xtfariion. 'rraiisler the original .solution to a sep.n.tiot y hnnie! loni.iin- 
ing 20 to :i() nd. of IlCil {.S .V), .\dd aU to <10 ml. ol mcihvl isoimiyl ketotic ami 
e.xtnict the iioii ami thioiiliuiii into the oigaiiit layer. Repeat exit.itiions until 
the organic layer is almost toloiless. Two to three exiiaciions shonhl hr sulfu ient, 

Inuisler the a(|m:ous sohnion to a heakei, add 10 nd. e.uh of and 

HCIO, and evapoi.ue to white hmies. Cool, rlihue to aO ml,, ti.nislci to .i imr- 
ciiry cathode tell, and eleciioly/c until the iron, thiomium, and nickel aie com- 
pletely reiuoverl (loin the sohnion. Kihci the clectiolyic into a .'inO nd. polv- 
ethylene beaker, wash with HCID, (1;1U0); atUl 10 ml. of HCIO, ami 20 ml. ol HK, 
dilute to 100 to 150 nd. and licai at li)^ to .SO'C. lor al) min. on the water h.rth to 
precipitate the rare earths. Kilter, wash the precipitate with HK (HlUtir .util H.,t), 
transfer the precipitate to a weighed plaiinniti micihle aiul ignite. The weight* of 
the residue is the total rare earth elements as oxides. Dissolve the o.xides in 2 ml. 
of 1-LSO,, (1:1), transfer to a .50-ml. flask and dilute to the tn.nk. Dctetntine 
cerium and laitiltamttir according to the following jnocethnes, 

Ceriu„|._'po a rnca.sined volume of the acid sohnion (5 to 10 ml.), add G ml, of 
KLSO, (1:1), and 1 nil. of -AgNO.j (O.IG g. per liter); dilute to 80 ml. Adtl 200 
i«g. of KoS.Oy. heat gently, then boil to destroy the excess K..S./).,, Cool, transfer 
to a lOO-inl. volumetric flask, and dilute to the murk. Transfer" It) ml. of this soiu- 
Oon, 20 ml. of KLO, 2 ml. of methylene blue (0.01% in If.p). 1 () „,1. of benzene, 
and 10 ml. of KOII (2 N) to an extraction funnel and sliake. Transfer the ben- 
zene layer, which now contains the cerium, to a .spectrophotometer cell ami meas- 
ure ns absorbance at 510 ium, compared to pure bcuzciic. Kroni a calibiation 

mo Sluuo, Sudo, Etniko, and Goto, Hidehho. .Sci. Rep. RI ITJ, A, 12, 101-22, 
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THE DETERMINATION OF RARE EARTHS 

Stimtnary of Melhod.~Tor low diromium and carbon steels, cerium is oxidized 
without prior separation o( iron, and titrated with ferrous sulfate. After separa- 
tion of the rare earth elements from iron and alloying elements, the rare eartlis 
are piecipitated as the oxalate or fluoride, ignited to tlie oxide and weiglicd, or 
determined photometrically.*^® 

CERIUM BY OXIDATION REDUCl'lON TITRATION 

Procedure.— Dissohe a sample (5 to 10 g.) with 100 ml. of mixed acid (150 ml. 
HjSO^ - 150 ml. - 700 ml. H^O) with gentle healing. Remove the beaWer 

from the lieat and oxidize the solution carefully with HNO^ (8 to 10 ml. will be 
required), boil for 2 or 3 min., and fdicr through a p.ul of pulped filler paper into 
a 500 ml. wide-mouilied Erlenmcycr flask. Wash with hot HgSO^ (1:100), dilute 
to 350 to 400 ml. with hot water, add a few boiling chips ami, while boiling, add 
KMnO^ (2%) dropwisc. until a slight excess persists. Boil for 5 to 10 min., de- 
stroy the excess KMnO^ by adding HCI (1:1) and boil 5 to 10 min. longer. Cool 
to room temperature. Dilute to 500 ml., mix thoroughly and divide into two 
equal portions. To portion /I, add 5 ml. of NaNOo (1%) and 2 g. of urea; allow 
to stand for 5 min, To both portions /I and R adil a few drops of diphcnylainiiic 
sulfonate indicator and titrate with standard Fc(N'1 1^)504 (0.U3 X) until the 
purple color changes to green; add an excess of 5 ml. ami back liinue with stand- 
ard KjCrP- (Q.03 N). 

The solution consumed in reduction of /f is ctpiivalcnt to the chromium and 
vanadium in the sample: that consumed by R is equivalent to these two elements 
plus cerium. The dillerencc is due to the cerium content. 

COMBINED R^VRE EARTHS (GRaVVIMETRIC) METHOD 

Procedure.— Weigh a 2 to 3 g. sample into a 600-ml. beaker. Dissolve in 100 mh 
H2SO4 (1:5), evaporate to 70 ml., and cool. Add 10 to 12 g. of NaoO.> slowly and 
carefully with stirring. Dilute witli Hj;0 to 100 ml. and evaporate down to 70 ml. 
again. Add 40 ml. of HoO, stir in a small amount of filter paper pulp, and filter 
die precipitate tlirough double, tight filler papers. Do not wash the precipitate. 
Dissolve the precipitate with 30 m). of hot HaSO^ (1:7), added in small portions. 
Wash the filter thoroughly with H»0 containing a few drops of H2SO4 (1:7) into 
a 600 ml. beaker. Dilute to 300 ml., add 50 ml. of (NH4)2C204 (50 g. of the ox- 
alate dissolved in 1 liter of H^O and filtered before using) and then NH4OH, 

128 Fritz, Janies S., Richard, Marlene lohnson, and Lane, William T., Anal. Chetn., 30, 

177(5-9, 1958. J » . j 

129 Johnson, C. Morris, The Iron Age, 94-C. fanuary 17. 1932. 

isowatanabe, Shiro, Japan Anal)st, 9, 736-11, 1960. 
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until tlic iolution luius linnvii anti ;jli};Iuly t;loutly. Stir thoroughly auti then add 
(NH )..C.,0, to tlisMjlvc the hiown color (I g. should he enough). Allow the whne 
cerium' oxalate to settle ovciniglu. then ftlicr oti a douhie pajirr of uurdiutn j)oi<)s* 
iiy and wash thoroughly with an (Nil solution 1 

ml.). Ignite the pietipitate taiclully to laic eaith oxides in a tared miciidc. Cool 

and sreigh. .... 

All alternate pioccthne is to ilissoKe .1 s.miple in li .V II.^SO,, hltei into a [Hily* 

ethylene beaker, dilute to UKt tub. atld UV'l IIF aiul paper pulp, heat lU to liU 
min. to piecipitaie the r.ne earth lluoiide.s, hltet, w.ish llie ptctipit.ite with 
ILSOj-HF (1;UH»), ignite as abuse. 

CERIUM AND LANTHANUM (PHOTOMETRIC) METHOD * 

Al>l>aratus. Spcciruphutonieter sviih I'lame IMnsioineier AttaihiueJtt. 

Mercury Cathode Cell. 

/Vom/nre.—Uissulve .i d g. s.iinple in li) nd. of IICI (d) with hc.tting. t).\itli.?c 
the solution latefidly svith a ud. of llNl),. then add dU ntl. IKdO,. .nui es.sput.ite 
until svhite ftinies o»(.in. {'ool, .idd lOU ml. of lI.jO n» <lis^/Jlse iton '.dis, niter 
and ssash the [japer am! residue with ifCI (L-t)). Retain the fdii.ite (Notr. 25). 

Smi: 25.— rungsicit iiuiit be icinoscd, it picwni, lu pjcscm lo-u </i i.ue eatths by ad- 
sorption. 

Transfer the paper ami contents to a pl.itinntit tiutilrie and .ish. Heat the .(shed 
residue with 2 ml. of itF and 2 ml. IfClO, until white fumes a[jpc.ii. Cool, dilute 
with water, and add to the acid solution tltai svill be left fiom tiur inetiiyl isobviiyl 
ketone cxiraition. d’r.iiisfer the oiigin.d Mdulion to .1 se{>.iiatoiy funnel tont.iin- 
ing 20 to do nd. of IlCl (8 .V). Add fa) to lit) ml. ol mcuhyl isoljuisl kctutie and 
extract the iron and tiuumium into the oig.inic iasex. Repe.xi extr.ntixuis until 
die organic laser is almost coluiless. Two to tluec extiaciiuns shoidd ixe suiiuient. 

Fransfer the aciueoiis sxduiism to a he.iker. atld 10 ml. e.ith of UNO; ami 
HClOj and evapoiaie to wiiiie funu->. taiol, tliluie to aU nd.. tr.msfcj to a met- 
cury cailiode cell, and e!eciioly/e unti! the iiam, chiomium, ansi nickel .uc tom- 
pletely removed fxoni the solution. Filter the ekctrolste intij a fjiiO-ml, poly- 
ethylene iieaker, wash svith HCiK), (DlOt)); atUf 10 nd. ol HCIO, ami 20 nd. t»f IIF. 
dilute to loo to 150 ml. ami heat at 70" to HO'Cb for 50 min, on the sealer hath tt» 
precipitate the rare eartlis. Filter, wash the pietipiiaie with UF (1:100) ami Ib.O. 
transfer the precipitate to a sveighed platinum crucible ami ignite, ‘f he svciglu of 
die residue is the total rare earth elenienls as oxitles. Dissedve the tixides ill 2 ad, 
of Fl.AO,, (1:1), transfer to a 50-ml. flask atui dilute to the matk. Dctinmine 
Cerium and laiiihamim accortling to the follosving pioceduics. 

Cerium.— To a measiued volume of the acid .sohuiou (5 to 10 mb), atld 0 nd. of 
bLSOj (1:1), and 1 mb of AgNO,j (O.lu g. per liter); dilute to SO mb Add 200 
«>.?. of K.S.D.J, lieat gcruly, then boil to desitoy the excess RA.O,(. Cool, transfer 
to a lOO-mb volumetric flask, and dilute to the mark. Transfer" 10 mb of this solu- 
tion, 20 mb of up, 2 mb of methylene blue (0.01% in f b.O), 10 mb of benzene, 
and 10 mb of KOH (2 N) to an extraction fuimel and siurke. 'ITansfer the ben- 
zeiie layer, which now contains the cerium, to a .spectrophotometer tell ami meas- 
ttre us absorbance at 510 nm. compared to pure benzene. From a calibration 

1960 ^'luro, Sndo, Emiko. and Goto. Hideluio. Sci, Rep. RI TU. A, 12, -101-22, 
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curve prepared in die same maimer, using known aniouius ol cerium, ihc tcriuni 
content of die sample is read. 

Lanthanum.— Introduce a portion of tlic total oxide solution into the flame 
photometer and measure the intensity at •i-I2 A slit width of O.IO nun., an 
oxygen pressure of 15.0 and a hjdrogcii pressure of 2.0 lbs. per S(j. in. can be used. 
Measure the background .vt 150 mjt and subtract it from the measured value at 
442 m;i. Obtain die amount of lanthanum from a calibration curse prep.ircd in 
tlie same way with known amounts of lanthanum, 

THE DETERMINATION OF ARSENIC 

Summary of the Method.— lt\ most methods, arsenic is separated from iron, fob 
lowing solution of the sample, by disttll.uiou as arsenic trichloride. Arsenic in 
the distillate is then determined by a volumetric jrrocetiurc, by weighing as As^S^, 
or photoinelrically. 




Fic. 24-14. Apparatus for Determination of Arsenic by Distillation. 

Alternatively, elemental arsenic is precipitated by hypophosphiie, dissolved ami 
determined lodometrically. 

Procedure. Distillation Metliod.— Dissolve a sample (generally, about 10 g. 
should be used) in 150 ml. of HNOg (1:3): contiol the temperature so that the re- 
action does not become too violent. Cool, add 5U ml. of H«S 04 , and evaporate 
to fumes, cool, wash down the sides of the beaker and again heat until fumes of 
H 2 SO 4 appear. Cool, carefully add 50 ml, of H 2 O to the residue, and again cool 
to room temperature. Transfer to a distilling flask (Fig. 2M4) by means of 150 
to 175 ml. of HCl; add about 20 g. of CuCL (or FeSO^-TH^O). Distill until 100 
ml. of distillate have been collected hi 100 ml. of water contained in a 400-nil. 
beaker immersed in an ice bath. The temperature of the vapor in the distillation 
flask must be kept below 107*C. if there is antimony in the steel. After comple- 
tion of the distillation, pass a rapid stream of H..S tlirough the distillate to precipi- 
tate the ASjSj. Allow to stand at least I hr., filter on a weighed Gooch crucible, 



754 ALLOYS: IRON AND STEEL 

evaporate at 90“G. to 50 ml.; add 50 mL of HjO. 15 ml. SO^ saturated H.jO, 10 
ml. hydrazine hydrochloride (15%), and then 25 ml. more of SOj saturated water. 
Boil for 5 min., allow the precipitate to settle, filter through a tared, sintered 
glass filter, wasli with hot water, and then ivitlt alcohol. Dry at 105*C., and weigh 
as elemental tellurium. 

THE DETERMINATION OF URANIUM 

Summary of Ihe Meihodi.— Uranium may be isobitd from the steel matrix in a 
sulfuric acid soluiiou by adsorption on a strong base ion exchange resin, inter- 
fering cations washed with hydroclilorlc acid, and the uranium eluted from the 
resin witli 2.0 M perchloric acid. Residual iron can be removed from the eluted 
solution by extraction with cupferron or deposition in a mercury cathode. The 
resuUmg solution m.iy be analyzed ftuorojihotomciric.iUy or polarogr.iphically. 
This method is best suited to dcicrininatioii of residu.il amounts (a few micro- 
grams) of uranium. 

For larger concentrations, the uranium may he sejniraied from the iron in sul- 
furic acid solution by precipitation with ammonium hydroxide, the remaining 
iron, titanium, vanadium, and zirconium precipitated w*ith cupferron in a strong 
sulfuric acid solution in which the uranium is scxivaicnt. The uranium may then 
be reduced to the quadrivalent form and precipitated as tJic cupfcrraic, the pre* 
cipitate dried, ignited, and weighed as UjOj,. 

THE ION EXCHANGE (FLUOROrHOTOMETRIC) METHOD 

Reagents, a. Resin (IRA-fOO).— Prepare by extracting 200 g. for 21 hr. widi 1 
liter of methyl alcohol. Then extract successively with 2 K each of H.,0, NaOH 
(1 N), NaOH (3 N). HCl (1 N). HCl (3 X}, ami finally H.O. Transfer'a quantity 
of the wet resin to an ion exchange column. Convert to the chloride form by 
passing through 4 1. of HCl (l.O N). Convert the resin to the sulfate form by 
passing through H.^SO^ (10%). until the cfllucm is 10% H.^SO^. Cheek by titrating 
an aliquot of cfllucnt with standard NaOH. ^Vash the column with H^O until 
eflluent is free from sulfate. 

Regeneration of Resin.— Backwash the column with H.,0. Elute with 2 1. of 
HCl (1 N). Reconvert to sulfate form in the same way as in preparation of the 
resin. 

Procedure.— Dissolve a 10 g, sample in a platinum dish by adding successively 
1 to 2 ml. HoO, 10 ml. HF and HNO^ (1:3), gradually until the reaction stops. 
Heat gently to complete the solution of the sample. Add 12 ml. of HoSO^, and 
enough H^O to make a volume of about 200 ml. Evaporate to tlryness. Cool, 
add 150 ml. of HjO and 12 ml. H.,sd^. Heat u> dissolve the residue and evap- 
orate to about 150 ml. Filter. Dilute filtrate and washings to 200 ml., and di- 
vide into two 100 ml. portions. Add 15 ml. 'of H^SOa to c.ich aliquot, and dilute 
to 200 ml. Add tliis solution to the resin column from a separatory funnel at a 
rate of about 2 ml. per min. Pass through HCl (0.05 M) at a rate of 5 ml. per 
min. until the effluent will give no reaction for iron by Uie KCNS test. Elute the 

195?^”'^^' Renato J.. and Schwartz, Samuel, Anal. Cliein., 25, 322-31, 

133 Welford, George A., and Sutton, Doris, N.Y.O,-4735. 1957, U. S. Atomic Energy Com- 
mission Report. 
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Alieniatively, high tungsten steels may be dissolved in HCl (1:1), the tungsten 
precipitated as the yellow oxide by addition of HNO 3 , most of the iron removed 
by an ether extraction, and the uranium determined by the cupferron precipita- 
tions as described before. 

THE DETERMINATION OF ZINC 

Summary of the Method.— Zinc, generally present in amounts of less than 0.1% 
in steels, of less than 0.5% in ores, or in the iron-zinc alloy on galvanized steel, 
may be determined, after separation from most of the iron, by precipitation as 
tlie sulfide or piiosphate, ignited to the oxide and weighed. Use of rubber, whicli 
may contain zinc, should be avoided. Care is necessary in igniting the zinc sulfide 
or phosphate to avoid volatilizing zinc. 

Procedure.— Dissolve a 10 g. sample in 100 ml. of (1:9) with warming. 

Filter, dilute the filtrate to 250 ml., cool, and add NhioCOj (saturated) to the forma- 
tion of a precipitate that persists: clear with a minimum of HMSO 4 (1:9). Pass in 
HmS for 20 to 50 min., allow the precipitate to settle, fdter, and wash with dilute 
(1:100) H 2 SO 4 . saturated with HnS. Discard the filtr.nie. Ignite the precipitate 
slowly at a temperature below 500*C. Dissolve the ignited residue in a minimum 
o! HCl (1 ;1). add 5 ml. of H 2 SO 4 (1:1). evaporate to fumes, dilute to 10 ml.: again 
pass in for 15 to 20 min., allow to settle, filter, and wasli as before. Discard the 
precipitate. 

Neutralize the fdtrate with NH 4 OH (to methyl red end ]>oint). add 10 ml. of 
0.1 N H 2 SO 4 , dilute to 100 ml., .ind pass in H^S for 20 to 30 min., filter, .and wash. 
Discard the filtrate. Dissolve the precipli.itcd sulfides in FICI (I:t), evaponicc to 
40 to 50 ml., add 5 g. NH 4 CI. 10 ml. of sodium .acetate (2 N), and dilute to 150 ml. 
Heat on the water l).Tth, add 10 ml. of (Nn 4 ) 2 HP 04 (10%) slowly with stirring. 
Cover the beaVer and continue to heat for 2 hrs. Filter through a Gooch or 
sintered glass crucible, wash with almut 150 ml. of cold water, and 5 ml. of 
C 2 H 5 OH, dry at 105*C. to constant weight, ami weigh. The weight of the dricil 
precipitate, ZnNH 4 P 04 , can be ronvcncvl to zinc; ilic precipimic c.an be ignited 
carefully at 900*C, to Zn^P^O-. The zinc content, us calculated from the weight 
of each of these compounds, should agree. 
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ALLOYS: FERRO-ALLOYS 

liy 11. Ikcghly 

Junes .nul I .uinlUin Sleet 
l*illslnn>;li, I'.i. 


lulroductiun.—'YUh (lKi[Ut'i coinprises metiKHls compiled uniici' llte jutisilitlioii 
of Committee l-.-'S on Ciiemital Auah'.is of .Metals, .Aineiit.in Sueiety for 'IVslifi>; 
am! .Materials. IMiiiatlelpiiia ;L I'a. .Stainl.iul aiul 'Lentativif Metlunls for Sani{>lii»i* 
and .Analysis ate incliKittl. Hotlt Siaiulaul and 'Leiitative Metiiods .ite issuetl uiuter 
.1 fi.'Ced designation LviO. foiluuetl by a mnnbci that is the year rd oiiitin.tl atluptloii 
or, in tiic c.ase of levision, the ye.n of last revision; tlic year is hdlowed by a L fot 
Tentative .Methods. '1 lie tlesii^naiion ICht-hO L. tt»i e.\ainj»le. lienoies ;i T'ent.itive 
.Method, adopted in I ‘Kid. 

.More extensive inform. ition, siuh as may be nciessary foi nnnsnal or reseatch 
analytical problems, is available in sevctal pnblishetl works.* 

i.V.Sr.M, .Mclhoils fui tilteiiiiial Analysis ci( Met.ils, Amefii.iu .Smiets |ui I estnu; and 
Materials. I’liil.nielpltia, thod; I’.te^hls. IL 1-.. lemnis .Mc(alhn:,;s . Kesieas, An.dstii.il 
Cheinisirv. 21, 211-li. litl'-t; 22, IWO: 2:1, 22.S-3L I'.i.'d; 21, lt):.2; 25, IKLd, 

19:);i; 27, (ill-M. la'.'e, 2!t. hLs- };t. M. 7(J<i-l2, IhaK; Xi, 7<fR~7«.iK. I'.lul; Itsl. Mcth. 
Dlls flit the -Saiiiplin;; and An.ihsis <i( liun ami Sna-l. llriiish Si.imlaids Iiisiiintiun, 1 on- 
lion (as issued): KoUlmlL 1. M.. ami Lbinr;. I*, j. teds.), I leatist; on Analstii.d Cihcnnsiiy, 
Interscieiue i'nblisheis, Net» V<nl., I'.itd; I tnulel!. (•. IL I— nollmaii. J. 1., .nid hii'.;ht. 
II. (dieniical ,\nah'is ol bon ami ''tccl, john Wiles .nnl Sons. bn,. Nets pt.'tl; 

l*igi;(>U, K, l ei juris \nalssis--.MudeMi I'l.ntire ami I heuis, lului Wiles .nid .Sons, 
Ncu' 5ork, ID.");!; lion ami Steel In'iiinle, spesi.tl Repoti -•itiS, 'l iie lietennination o( tiases 
ill ,\[cla!s, 'I lie bon .nid Steel Insiiinte, Loudon, IhiiO; Wesiumnl, W.. .iml Masei, 
Cliciiiical .\n;ilysis of (last bon. ami Inumlis .Mateiials, .Mien ami Ibisvin. Ii)a2. 
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STANDARD METHODS FOR CHEMICAL 
ANALYSIS OF FERRO-ALLOYS^ 

SAMPLING (ES2-12) 

Scol>e.—(a) These methods include procedures for the sampling of the various 
ferro-alloys, either bcfoie or after shipment from tiie ])lants of the manufacturers. 
They are designed to give results repicsciiiatise of e.ich lot th.it will be comparable 
with the manufacturer’s guaramced analysis for the same lot. For check analysis, 
the purcliaser may use any sampling procedure he desires, but the analytical results 
obtained on such samples shall not be a basis for complaint or rejection, unless tlie 
procedure followed is of an accuracy e<jni\alent to that prescribed in these methods. 

( 6 ) In sampling ferro-alloys, serious errors often occur from contamination of 
the samples by iron from the sampling appliances. Tlicrcforc, special prccau* 
tions should be observed to avoid this source of error. Metallic iion may be re* 
moved witli a magnet from nonmagnetic alloys; iu estimatioti in oilier alloys re- 
quites special analytical procedures (Note 1). To avoid this error, parts of crushers 
and pulverizing equipment contacting the samples shall be of steel or otltcr material 
showing a high resistance to abrasion of the type involved. 

XoTC 1 .— Metallic non in fcrKKhtoiiiiutti ami fcriusiruoii in.i> be dcicrinined as fol- 
lows' transfer 5 g. of the sample of alloy to a 150-ml. bcaLcr; add 25 ml. of HNO 3 (l;S}; 
cover; bail 5 min; filter into a 250 ml. bc.ikcr: and v^ash nitli hot u.iIct: add NH 4 OH 
in slight excess; heat to boiling, filter: and wash with hut water; dissolve ilic precipitate 
on the paper with a minimum quantity of hot HCl (1:2); wash the filter with hot i>aten 
and titrate the iron by a standaiU piotcduic. Multiply the iron value of the total num- 
ber of nulliUters of titrating ioUuiyu lived by lOQ and divide by a to fuid the peicciitagc 
of metallic iron. 

Apparatus for Prepariug Samples.— TUc following equipment is required for tlie 
preparation of analytical samples of ferro-alloys: 

(a) Crusher.— A strongly built jaw crusher cap.able of rapidly crushing l-in. lumps 
to sizes 1,4-in. and smaller shall be used. The crusliiiig plates of this machine shall 
be made of a hard and abrasion-resist.iiit steel, such as manganese steel or a prop- 
erly hardened alloy or hypcreutectoid carbon steel. 

(b) Roll Crusher.— A roll cruslrer, the rolls of which arc fitted with tires of 
hardened and tempered chromium steel to avoid iron contamination of the sample, 
shall be used to reduce the ^4-in. pieces to a particle size that will pass Uie No. 10 
(2000-^) sieve and be retained on the No. 20 (8-10 -m) sieve. 

(c) Riffles.— Riffles, also designated as Jones dividers, are usually preferable to die 
use of hand methods for dividing s.unples. Riffles with openings of Vi l^i., I in.. 
2 in., and 3 in. should be available; die ^^iii. riffle to be used for samples con- 
taining pardcles up to Vs in. in size, the l-in. riffle for samples containing particles 

2ASTM Designation: E31-58. Reproduced with the perniission of the American Society 
for Testing and Materials. 
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UD to % ill., tlic 2-iii. lor samples loinainiu}; pavuvLs vip to ■; iti.. ami the 
for samples containing particles up to li in. in si/e. Rillles shnnUl he of the en- 
dosed type lo reduce dust losses. The use of multiple riKles is not .ippioved, 

(d) Mortar and Pestle.-Tlte mortar ami pestle shall hoth he made of pioperly 
hardened alloy steel of a kind and grade designetl to resist ^cve)e ahrasiu- foices 
(N’oTi' 2). Suitable dimensions of the mortar are als in. in outside height, in. in 
outside"diameter. IVL in. in inside diameter, and 2-}. in. in inside depth, the hm- 
tom h in. of which shall he rounded. The pestle shall he fi in. in length, Mi in. in 
diameter, and roumletl at the bottom. 1 he nppei pan of tin; pisilr sliotdt! he 
slmhtly softer than the rene.iinder in order to tleeie.ise the lemicnty to shatter. 
Brnlt the mortar ;ind [lestle, .after hardening, shall iic polished wiilr .dnasive jmprr 
to remove all scale, 'fhe naiiow clearance between the pestle .tnd the sides of 
the mortar reiluccs the tUist loss. 

Mechanically operated pnlveri/ing erpiipment may he snhstitnted for th<- inoK.u 
and pestle, provided Miitaiile tests show that the Use ol smh capiijuneni docs mu 
alfeci the composition of a sample of any luaicri.d oluaimd hy these methods. 

Norn 2.— .for e\ample, steel mortals ;uul pc'tlcs ol the loMoivi'iig i onipo.iiion, .liter 
proper liardcning and teiiipeiing tieauiiciils. base hieii fouml satisl.itloiy: 


C'..irlKm. per cent O.tiO 

.Mang.iiie.se, percent n.2.a 

Phosphorus, per cent 0.02 

Sulfur, per edit 0.02 

Silicon, per cent 0.25 

Cliromiiim, per cent 1.25 

Tungsten, percent 2.2(1 

Van.ulhmi, per cent 0,10 


.■\ftcr macliining annealed .steel of this giade to the nsu.il iotm .nut dimensions, {.irii 
jiari i.s healed to hetuecii 7li0^ .iiid .S0O-(;., ipicinhcd in a light, mimial tinemhing oil. 
and tempcied at oiue, I'lie pestle m.is he tve.Ucil In ipiciuhing the louci poition onls. 
ilitMippcr poriion being pcrmiiied to aii cool, and liieii leinpcimg tin* (joeiuiutl pmtion. 

(c) Sieves.— The sieves shall conform to die .Specifications for .Sieves for 'resting 
Purposes (.A-STM Designation; Kll).^ 

Unit Quantities for .Viimp/iug and Analysts.~-(ii) Kai h siiiptnem, e.stepl as other. 
wise agreed upon by the purcli.iser am! the manufacturer, shall constitute a unit for 
sampling and analysis. It is recommended that shipments of any alloy extcetling 
100 tons be divided into smaller lots for sampling acemdiug to some plan fiest 
adapted lo the m.itcrial and conditions, such as c.ith cast, each tarload, eai h l ulle* 
fill, or each Ifinful. 

(b) Division of Samples.— In these* methods the term ''divide" Is ined to inditate 
a division of a sample into two approximately eiina! parts of similar composition 
as in rifiling, ‘ 

Soinlding. I, S[ncgclciscn and 15^o Fcrrosilicon.-^(n) Spiegcleisen is geneiallv cast 
in pigs and shipped in bulk. Since this alloy is very hard ami somewhat luugh. 
sampling is most accurately and easily accomplished timing the tapping of die 
metal from the furnace or during the pig-casting operation, by taking smaU spoon- 
fuls and pouring the metal quickly into a test mold designed to solidifv the incial 
quickly and give a clean test pig that i.s easily broken. Sampling of the metal in 
(le solid state is dilfiaiU, and is best done during tlie loading or mdo;ulin-' v\ivnt 
when the material is loaded from bins or unloadetl iiy tlumping. 'Phe procedure 

® 1960 Supplement to Book of .ySl'.yf Standards, Baits 3 to 5 and 7 to 10. 
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therefore, may be varied to suit the conditiotis but slmll always conform to the 
requirements set forth in the following paragraphs. 

(b) Sampling at Furnace.— The purchaser may arrange with the manufacturer 
to have the sampling done at the furnace. If so, eacJi sliipmeni or each cast may 
constitute a unit sample for analyzing. The sample shall be obtained by collecting 
portions witli a spool] fiom the runner as the metal Hows from the furnace, unless 
tlic metal is tieatcd in the runner or ladle to change its coin))osition, in which 
e\cnt the portions shall be taken as the metal flows from the ladle to the pig cast- 
ing machine In any case, at least two spoonfuls of metal shall be taken from 
each ladle, one spoonful while the first third of a ladlcful is ilowing into or from 
the ladle, .md the second while the last third is Ilowing. Kacli spoonful sliall be 
taken in a manner that avoids collecting dirt or slag, and the clean metal shall be 
immediately poured into a clean shallotv mold to fonn a thin chill casting from 
which small pieces, approximately ciptal in size, may be icadily broken. \Vhcn die 
spicgcleiscn is cast in sand beds, the inolteii metal being run from the furnace 
directly to die casting floor, tlic samples sliall be taken by dipping skimmed molten 
metal from die runner troiigii and pouring it into a small (quartered cast-iron but- 
ton mold. A sample shall be taken in tins manncT to represent the metal being 
cast in each pig bed. From the test castings thus obtained to represent a shipment, 
approximately equal portions shall be inken and comI>incd to form the sample, 
which shall have a gross weight of not less than 200 g. The sample shall then be 
alternately crushed in a mortar, and sieved uniil it all ]>asses through a No. 80 
(177 -m) sieve. If the sample is to be an.ilyzcd by more than one laboratory, it shall 
be mixed, coned, and (juartered upon glazed paper (Notk 3). The sample or 
samples thus prepared shall be thoroughly mixed, dried for 1 hr. at 105* to I10*C., 
and preserved for analysis in wcll-sioppercd bottles properly labeled for full iden- 
tification. including die name of the material, the m.inufucturcr, the date, the cast 
or lot number, etc. 

Note 3— fiiiislied 8.iiiiplcs arc ric-(|iicnilv divided into foin portions; one for the pur- 
cliasci; one lor the nianwlatlurcr; one lor an umpire if necessary; and one heUl in tc- 
scnc. 

(c) Sampling Solid Forms.— When the metal is in the solid state a gross sample 
shall first be collected by selecting random pigs or pieces at regular inien’als dur- 
ing the loading or unloading. Surface sampling of piles of the material will not 
give a representative sample. When piles of the material must be sainiiled. the 
pieces shall be selected according to some fixed plan which assures the obtaining of 
pieces comprising the gross sample from uniformly distributed points ilirougliout, 
a condition requiring the moving of nil or many of the pieces in the pile. For lots 
of 50 tons or larger, 1 pig or piece shall be taken for each ton, and for small lots 
tile number of pieces shall be proportionately increased to 25 pieces for a 10-ton 
lot, or 10 pieces for a I-ton lot. 

The various pigs tlius collected sliall be broken approximately in half by any 
convenient means, and one of the halves of cadi pig shall be reserved. From die 
fractured surface of each of dicse half pigs, an approximately equal portion shall 
be taken by any suitable means (as by spalling with a heavy hammer), care being 
taken by the sampler to see that these spalls are not all from the outer edges of the 
pip but at least some are obtained from the central portion, and that none con- 
tains portions of the outer surface wliidt may be contaminated with sand or other 
foreign material. The spallings from each half pig as collected shall be placed in 
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separate envelopes and weij-lied to the neaiesi 1 i;. Hath jjortion so selected shall 
be of approximately the same weight. 

Tlic portions shall then he combined to form the sample, which shall be J'hei' 
nately crushed (preferably in a hardened-alloy steel moitar) and sieved nttiil tt 
passes a No. 6 (:5;ir)0-M> sieve. Iktween lU and 15 o/. shall then be sepaiateil fiom 
the crushed sample by riflling anil this portion shall be ptdveri/ed to pass a No. Hit 
(lll'A sieve, 'The pulveri/in}^ of oveisi/es is best tloiu’ wnl> the hardened steel 
mortar and pestle, while sievint; lrei|nently to kee[» the si/e tiuse to 17/ a and 
prevent loss of ilusl. The pulverized sample shall be thoton;;hly mixed nputi 
ijlazed paper, divided if necessary. ia!)eled. and itried prior to analysis, as desciibid 
in Paragraph (b). 

2. Ferwiilicon, SUttuIard Fnromuniidnesc, Silkninnii'^aucic. Fcrruf)ltoiljluntt%, 
and 12 lo 15K'a Zirconium Alloy.- {a) .Mloys in this spoup aie shipj)ed in both lump 
and crushed form, in bulk as well as in coiUaineis. (..nloati lots .ire ).;eiua.diy 
shipped in bulk, except the iinely i rushed si/es, which are usually shipped in inn- 
taiiiers. Dilfeient proieihncs aie lequired for sainplin;; the lump .md the cfushed 
alloy, and the woik of sam])lin^ is most conveniently done while loailiu.n oi unload- 


iug. 

(b) Lump Alloy.“ln sampling bulk shipmettis, lumps of aveiage si/f sit.dl be 
set aside for the sample at regtdar intervals in the r.itio of one lump ftom ap|uo\- 
imately each .'500 lb, 'The sample shall be accuimilated thioughout the lo.uling or 
unloading o[jeiatioti so th.it all parts of the sldqnnent will be etpially represented. 
If the alloy i.s in containets. evciy lifth container sh.dl be ihtmped. and one tip- 
resentative lump shall be taken ftom each bO lb. of alloy whiclt is etjuiv.detri tcj 
one lump per 500 lb. fur the lot. The sample shall also include a repiesenlaiise 
amount of edge metal, small lumps, and any lines that may be ptesent. I'lom e.nh 
of the lumps in the sample there shall Ire broken thiee small pieces e.ich .d)om -j 
in. in size, one from eaih of two opposite .sui faces (top and bottom, if present) and 
one from the center, the three pieces constituting a partial seriiial cioss-setlion ol 
the lump. 

The small pieces, together with a representative [lortion of any lines piesent, 
shall be combined atiil crushed to pass Ffin- sieve, .Not less than ;!l) lb, shall In- 
separated from the crushed sample liy rillling and at least a ipiarter pottiun of tfiis 
shall be rolled to pass a No. Ill (2ll0(l;i) sie\e. .V (i- to H-u/. portion obtained l.>v 
riflling (a larger amount when mote than one sample is leijnired} ol the 'gtHHI,* 
sample shall then be pulveri/ed to pass a No. 100 (110-;i) sieve. '1 he pulvcri/ing 
is best done with the hardened :dloy-steel mortar and pestle, while sieving fit- 
queiuly to keep the si/e close to MO /i, and prevent loss of dust. ‘I he pulveri/ed 
sample shall be poured upon gla/ed paper, mixed thoroughly. ;mil divided, if neces- 
sary. (Notk -5) by quartering, dried lor 1 hr. at 105“ to n0“C., and then pieserved 
ill a well-stoppered bottle or bottles. 


(c) Crushed Alloy.-One container out of every 5 in the shipment shall be opened 
ami the contents dumped. ,A sample representative of both lumps and lines slr.iil 
be taken from each of the dumped contaitiers to give a coudiined satnple of ai)- 
proximately 1% of the weight of the lot or shij)ment, this sample being compo.sed 
of equal amounts of the samples taken from all containers dumped. If in ljulk. a 
hxed portion of representative material shall be taken with a shovel or scoop at 
tegular nuervals during the loading or unloading to accumulate a sample of about 
t/o oi the weight of the lot. 

The 1% sample shall be mixed and divided once if its weight is between 200 and 
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800 lb. or twice if it weighs moie U»au 300 lb. The portion reserved shall be 
crushed to pass a 1-in. siesc (unless its largest pieces are under this size), again 
divided, and then crushed to pass a H-in. sicsc. Preparation of the sample shall 
then be completed as descriljcd for niaierial in Paragraph (6). 

S. High-Carbon FcrrochrouiUun, Metlium-Carbon Ferromanganese, Low-Carbon 
Ferromanganese, Silicon Metal, Calciutn-SiUcon, and 35 to t0% Zirconium Alloy.— 

(a) These alloys ate shipped in both lump and crushed form, usually in containers. 

fb) Lump Alloy.— One out of every 5 coutaniets shall be tiumped. Pieces Vz to 
Yi in. in size shall be broken from the lumps, attd .i fair proportion of any fines 
that may be picscni shall be included. The gross sample shall contain approxi- 
mately one piece for each jQ lb. of alloy. 'I'hc accumulated sample shall be mixed 
and reduced in size as desciibed in the piccc-diiig section (b). 

(c) Crushed Alloy.— Crushed alloy (material 2 in. and less In size) shall be sam- 
pled as described in the preceding section (r). except that a 10% representative 
sample shall be lakett from each coinaiuc-r opeut-d to give a 2% gross sample. For 
lots of 10 tons or more, the 2% sttmple shall be tnixed and divided once iti half. 
For lots of less than 10 tons, dividing the s.impic at this st.igc shall be omitted. 
Tile portion retained shall be crushed to pass a 1-in. sieve (if above this size) in a 
heavy crusher provided with smooth plates of manganese steel, and again passed 
through U)c riffle to obtain a sample of about 100 Ib. This portion shall he crushed 
to pass a sieve, divided twice, and the quarter portion reserved shall be 
crushed to pass a No. 10 (2000-^) sieve. Ueivvecn G and 8 oz. shall Uicn be sepa- 
rated from the crushed sample l>y riilling. and this portion shall he prepared for 
analysis as described in the preceding section (6). 

For lots larger than 10 tons, a somevviut smaller ]>crccm:)gc of the lump shall 
be crushed for the sample, while for smaller lots the percentage shall be increased 
somewhat to provide a suitable amount of sample for mixing and rtilling to size. 

•/. Lotu-Carbon Ferrochromium.—(a) Low-carbon fcrrochromium is shipped In 
both crushed and lump form, in bulk and in containers. The alloy usually con- 
tains about 70% chromium, and has a carbon content ranging from 0.06 to 2.0%, 
according to the maximum specified. The combination of hardness and toughness 
characteristic of this material, particularly of the lower carbon grades, makes it the 
most difficult of any of the ferro-alloys to sample properly. In view of the gre^t 
importance of the accurate determination of the carbon content, the utmost care 
shall be taken to avoid contamination of the sample with fragments of steel from 
die tools used in preparing the sample. Bucking boaids shall not be used. 

(b) When the alloy is in lump form, a piece or pieces representing a full cross- 
section of the original cast shall be taken fiom points distributed throughout the 
lot, to give a gross sample amounting to about 1% of the weight of the lot. Tlie 
cross-section pieces should be as nc.vrly uniform in size as possible. 

(c) When the alloy is in crushed form in coiiiaiuers, 1 container out of each 5 
shall be emptied and sufficient representative material taken from each to give a 
gross sample of about 1% of the weight of tlte lot. For shipments in bulk, repre- 
sentative portions shall be selected with a shovel at regular intervals during the un- 
loading operation to accumulate a 1% sample. 

(d) TJie 1% sample shall be crushed to pass a 1-in. sieve (if above this size) in a 
heavy crusher provided vvitli smootli plates of manganese steel, and rifiled twice. 
The resulting quarter shall be crushed to pass a ^in. sieve and riffled once. The 
sample shall be further crushed to pass a sieve and riffled three times. The 
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resultino^ eightli portion of the sample shall he vctluceil to pass u No. <• 
sieve b ^poumling in a hartlenetl alloy-sled mortar, anti riliU tl to a ucit;l)l of h O) 
8 01 . This amount shall be puiveri/etl to pass a No. ;U) (5‘Jii /t) sieve in a Itartleticd 
alloy-steel mortar, while .sievinit frc<[uemly in ortler to keep the satnph: as ne.ir to 
this size as po.ssible, until the entire .sample ha.s passed the sieve, 1 ite pulveii/cd 
sample shall be mixed tliorouyhly upon s^la/ed paper, divided if necessary ;lj 

by (juarteriiiK. dried for I hr. at 10:1 to HO C., ami preserved iit a wcll-stt»ppejed 

bottle or bottles. _ ..... 

y. Fnrui'atuulium, I't:nornalyh(l(r)ntin. /•Vrro/nntj.t/fn, F(‘rraniohium, I-ctfoiitn- 
uhtiii, fcrrozh'couiuvi, nutl f-Vrruhoron.— (ii) I hese alloys ate shipped in ttnvt.iineis. 
and are all high-priced materials, 'rhcrdoie. it is impoiiant that the s.iinpling be 
thorouuhly representative, irresitet tive of the amount of mateii.d invidved. 

(b) .siiipmcnt-s 20,001) lb. or Under in W'eighi.— .\11 tin* tout. duels of .i shipment 
shall be emptietl to form a tniie shapeil pile. The pile sh;dl he s.nnpkd by shovel- 
ing, tlie weight of the gross sample Ijcing adjusted to the st/e of dte lumps of the 
allov. For lots of more than HDOO lb., I shovelful out of eveiy i sh.dl lie teseived 
for the sample. If the lot weighs less th.in 81)00 !h.. 1 shovellu! out of 1 or out of 
2, or .shovelfuls otherwise .idjusied so ;i.s to oln.dn a gloss s.nnple huger than the 
amounts specified helovs*. sh.dl he t.iken. 'File gr»)ss sample tiuis collected sh.dl be 
conctl aiul again divided by shoveling, 'fhis procedure shall he lepeated, if 
iictessary, until ilie wc’ight of the gioss sample is redmed to 2ooo !h, lor ‘JE-in. 
material, 250 Ih, for 1-in. pieces, or 100 Ih. for .dioy ciiished to E-iti- 'ize. Jji the 
case of Vi-in. material the sample shall then he mixed and i idled t»me to 50 Ih.. but 
larger samples shall lie crushed and divided ;is follows; 

(/) Coitnc Maln 'uil, lit. .Mti.xiiinttn.—'l'hv 2000-11). sample shall he crushed in 

a heavy enrsher provided witli smooth plates of m.uigaiit se steel to p.iss tinough a 
1-in. sieve, mixed tlloioughly Ijv coning at least three limes, and litiied to 2;50 lf». 

(2) Onc.-lnch dfah’im/.— 'Fhc 250-111, sample shall he iiushed in a he.ivv ci Usher 
provided with plates of maiig;mese steel to pass a E-in. sieve, .\fter liaving been 
mixed thoroiiglily by coning at least ;l times, it shall he rililed to .djout 10 ih. 

(5) Ont’-Fuintli-Inch Miilt riitl.— l'hv 50-lh. sample ol E in. m.iteiial ohi.iined in 
mixing and reduction of gross samples of 2'-j-in. or l-iii, m.iterial, or in s[)Htting 
the gros-s samijle of '.Fin. material, sh.dl he further crushed in iahoratory joH-, tt> 
pass a No. 10 (2000vc) sieve, .igaiii mixed tlioronghly Ijy toning. ;ind rililed to 10 
or 15 II). Thi.s .sample shall he crushed to p.iss a .No. 2i) (Hll).,ii} sieve, mixed thor* 
oughly i)y coning, and divideil with a riflle to 1 lb. or 500 g. Tile .50)) g. sample 
shall be mixed thoroughly by coning and divided l>y lillliiig into four portions ol 
about 125 g. each. Three of llie.se poriious shall he Iield in reseive. and one por- 
tion shall lie pulverized in the hardened alloy-steel moitar to si/es letained be- 
tween the No. 80 and No. 100 .sieve.s (177- and Th,.- pulverized sample 

shall he dried for I hr. at lOo" to HOT:., poured upon glazed paper, mixed thor- 
oughly. clivitled, it necessary (Non-. ;5). by cjuarieviug and then preserved in ;i well- 
stoppered bottle or bottlers. 


(c) SbipmeiiLs over 20,000 li). in IVcighi.— IV’hen the shipment exceeds 20,000 Ih 

It shall be divided a,s nearly a.s possible into lots of 20,000 lb. each or haciion 

Hereof, amlche rcrsulting 1-lb. or 500-g. samplc.s taken shall Ice combined and mixed 

horccughly by coning at Iea.st 8 times. This sample shall then be divided by rifllim^ 

to 1 lb. or oOO g., w'hich weight shall be furtlier divided and pulverized as described 
“* the preceding section (b) (2). ‘ tlcsciibcd 
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^VATER, REAGENTS, AND GLASS^VARE 

See Chapter 24. 

FERROSILICON 

SILICON IIY THE SODIUM PEROXIDE FUSION METHOD 

Apparatus. Iron Crucible.— A 30- or 50-niI. itoii crucible will be required. A 
crucible made from No. 20 g.mge iugot iron, 0.038 in. in lluckness, will be suitable. 

lieageuts. Sullurous Acid (6%). 

Procedure.— (a) Transfer 0.5 g. of die s.'iniple of fcrrosilicon (50 to Gj% silicon) 
to a 30- or 50-ml. iron crutiljle, and add about 8 g. of tlry Xa„0„.* Mi-v thorouglil), 
using a platinum or iron rod, atid carefully clean the rod of adhering particles by 
scraping with another rod. For grades of fcrrosilicon containing 75% silicon and 
o\cr (including silicon metals), mix OJi g. of the sample with about 8 g. of dry 
N.a.,02 and 2 to 4 g. of Na^COg. 

(b) Cover the mixture with a layer of about 2 g. of N.uOo. Heat the crucible and 
contents on a hot plate for 15 to 20 min. to expel any water in the Na202 that 
would cause spattering in the subsequent fusion. Carefully fuse over a low flame 
by holding the crucible with a pair of tongs and slowly revolving it around the 
outer edge of the flame until the contents have melted down (juietly. When tlic 
fusion is molten, rotate the crucible carefully to stir up any unattacked particles on 
the bottom or sides, the crucible and contents being maintained at u low red heat. 
Just before completion of the fusion, which requires only 3 or f min., increase tlic 
temperature to bright redness for 1 min. If the reaction proceeds violently with 
spattering of the contents, because of too rapid heating, the use of InsufTicient 
NajOo, or the lack of thorough nuxiug. appreciable loss will occur and die work 
should be repeated. 

(c) Cover die crucible, allow to cool almost to room temperature, and tap on an 
iron plate or solid object to loosen the fused mass in a cnkc. Transfer the cold 
cake to a dry 275'ml. platinum dish,<^ cover widi .i tiglu-niiiiig platinum lid, and 
cautiously add 50 ml. of cold water. When the reaction ceases, wash any small 
amount of material adhering to the crucible into the dish with a little water. Cool 
the solution and add 25 ml. of H^SO^ (6%) to prevent attack on the dish by clilo- 
line on acidifying with HCl. Cool, and carefully add HCI until in moderate ex- 
cess.® Evaporate to dryness, jircfcrably on a steam bath, but do not heat above 
110°C. (An infrared lamp may be used.) 

(d) When the residue is dry, allow the dish to cool. Add 20 ml. of HCl. stir well, 
cover the dish, and heat gently for a few minutes. Dilute with 200 ml. of hot 

iCiiicibles made from pme ingot iioii uiiiiaiii only traces of silicon, and the amount 
of SlOo present in tlic NaoOg used is usually negligible, but blanks should be run on new 
lots of crucibles and of NajOj. 

It platinum dishes aie not .i\aiial>lc for solution of the fused cake, it m.i) be disin- 
tegiated with l^aler in a puic nickel dish ami the contents then transferred to a poicelain 
dish (of good gla/e) containing suirtticiU HCl to piovidc an excess of acid. It is not dc- 
sirable to dissohe the fusion directly in poicelain because of the action of the alkaline 
solution. If porcelain or pyrex must be used, it is necessary to carry along duplicate 
blanks. 

®The use of HCIO 4 is not recommended for the dehydration of the silica in the fused 
sample since 100 to 125 ml. are necessary, and since it U exceedingly difficult to remove 
the HCIO 4 from the large amount of Si 02 . causing explosions during ignition. 
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walc-r. digest for a few niimues, ami niter throiigii an 11-cin. paper a)ntaining a 
small amount of ashicss jjaper pulp. Wash about H titnes with hot IKd ami 

tluai thoroughly with hot water. Reserve the j)aper ami lesidue. 

(e) Evaporate the filtrate to (hyiiess, ami bake tlie roveied lasseiule or dish at 
110°C. for 1 hr. Heating at a iiigher temperature is uimeccssaiy ami undesirable. 
Cool, add 20 ml. of HCl. and digest on a sieatn bath lor 10 snin, .^<10 200 ml. of 
warm water, stir well, fdter immediately, and wash about eight times with hot IK.l 
(5:95) and then thoioughly with hot w.iter until free of chlorides, 

(/) Place the papers and residues (Paragiaphs (d) ami (e)) in .i .aO-ml. plaiintmi 
crucil)le and heat for 15 to 50 tniu. at apptoximately 200'’(h Pailially cover the 
crucible, and heal at from 500 to tiOO'C-'.. until the paper is well chatJcd without 
flaming. Cratlually increase the temperature tintil the tat bon is (amijtlelelv osi- 
(lued. Cheat cate sliould be esert isetl in igniting the papers, as the curieni of air 
produced by .i burning filter jtaper is sidlicient to cany fitieiy tlivitleti SiO,^ out of 
the crucible. CioveV llic tincible tightly and heat to the full beat of the idasl l.un[J. 
or in a muffle furnace, at a icmpcratuie of 1100“ ti> llaO^C, for 25 mifi. Cool in 
a desiccator, weigh, and again ignite for 10 min. at the tame temperatnre. ,is a thetk 
for conslam weight. 

(g) .Add sufficient I-RSO, (1:1) to moisten the residue and theu add 5 to 8 ml. 
of HE. Evaporate to dryness, ignite at 1000 C.'.. .ind weigh. 'The loss in weight 
represents .SiO^. 

(h) Blank.— .Make a blank determination, following the sajiie piocedtire .ind using 
the same amounts of all reagents. 

(i) Calculation.— Cadculate the percentage of silicon as follows: * 


.... . {.1 - If) X O..I672 

.Silicon, per cent — — — * — X 

where .! = grams of .SiOj, 

B — correction for blank, in grams, ami 
C — graiirs of .sample u.secl. 


UH) 


TOTAL (FAR IK) i\ BY 'FHK DIRFCri -CO.M BU.S FlOX MEI UOI) 

Apljiiratiis. Apparatirs for Detenniiiatioii «»f Total (,'arhon liy Direct Comhus- 
tion.— .See Ciiapter 21, p. 051. 

Procediire.~{a) Mix 2 g. of tlie sample with 2 g. of powdered CuO and transfer 
the mi.xture to a combustion boat made of /irconium oxitie-ha\e rcfiactoiy (having 
inside dimeii.sioiis 100 mm. in length. 15 nun. in width, and 8 mm. in depth) w 
etjuivalent, provided with a bed of ?U)-mesii crystalline .dumimmi oxide molded in 
the form of a trench. Cover the mixture with 2 g. of lO-mesh ingot-iron drillings 
or nullings. Cover the .sample with a .suitable cover ami iniioduce the boat into the 
not combustion lube. Close liie tube ami allow the samjrle to beat for 1 to 2 miii.s 
Then admit tlie oxygen at a rate of 80() to 1000 ml. per min. while combuHiou 


piucc.hire for r.miuliug ull calculated \ allies, .see .Seclicm i <d\ 
,0 (^0 of the Recoiiiiiieiuled Pracuccs lor Desigiiaiiiig SiginTuam I’laces in .Soetilied i in, it 

«lt the sample is allowed to conic to the leinpeiaune of the furnace hefon- il,.. ..w. . 
s .uininied u usually bursts into a bright (lame and burns eompletelv A, neiiml of 

nun. of preheating siiinces. pei md of 1 to 2 
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going on.9 Use a furnace tempciaiure of 1200* to 1350*C. When combustion is 
complete (1.5 to 2 min.), continue the flow of oxygen for 6 to 8 min. in order to 
sweep out the COj. 

(b) Withdraw lire absorption tube filled with ox)gen, place it in the balance case 
for 10 min., >9 open momentarily, and weigh against a similar tube used as a 
counterpoise. The increase in weight represents COj. 

(c) Remo\e the boat from the tube and examine die melt for evidences of incom- 
plete combustion. If the sample is not thoroughly fused in a solid pig, the deter- 
mination shall be rejected. 

(d) Blank.— Make a blank determination, following the same procedure and using 
the same amounts of all materials except the sami>le. 

(e) Calculation.— Calculate the percentage of carbon as follows: 


Carbon, per cent 


(A - B)X 0.2729 
C 


X 100 


^vherc A = grams of COa, 

B = correction for blank, in grains, and 
C = grams of sample used. 


PHOSPHORUS BY THE PERCHLORIC 
ACID-ALKALIMETRIC METHOD 

Reagents, (a) Perchloric Acid (70%). 

(b) Potassium Permanganate Solution (25 g. per liter). 

(c) Ammonium Molybdate Solution (Acidic). 

Solution No. /.—Mix thoroughly 100 g. of molybdic acid (85% M0O3) and 240 
ml. of water. Add 140 ml. of NH|OH. while stirring vigorously. Whcit solution 
is complete, Biter, and a<ld 00 ml. of HNO3. 

Solution No. 2.— Mix 400 ml. of HNO^ and 900 ml. of water. 

When the solutions arc cool, add Solution No. 1 to Solution No. 2, while stirring 
constantly. Add 0.1 g. of (NfD^HPO^. and allow the solution to stand at least 
24 hr. before using. Use only the clear supernatant solution. 

(d) Standard Sodium Hydroxide Solution (1 ml. = 0.0002 g. P, approximately 
0.15 N). 

Preparation.— Diisohe 75 g, of NaOH in 75 ml. of water, and transfer to a large 
test tube, taking care not to wet ilic top. Stopper tigluly, and let stand in a vertical 
position until the supernatant liquid is clear. Carefully witlidraw about 5 ml. of 
die clear liquid with a pipet and run it into 1 liter of freshly boiled and cooled 
water. Mix well and store away from contact with the air. 

StflndardizanoM.— Dissolve 0.4000 g. of die National Bureau of Standards stand- 

9 The rate at nhich oxygen is admiticd is also a factor in the velocity of combustion. 
Assuming the combustion apparatus has been healed to the temperature range above 
that recommended, it is possible, if the material is closely packed and if oxygen is ad- 
mitted at too rapid a rale, that the combustion may be so violent as to c.tusc excessive 
spattering of fused oxides and such fluidity of the molten slag that the boat or other 
container may be injured or destioycd. Sufficient oxygen, however, shall be nm in to 
ensure a current of gas through the absorber at all stages of the combustion. , 

i 9 The tube will warm up when CO2 is absorbed. It is not necessary to wait until it 
reaches room temperature if it is in continuous use, provided the same time interval is 
maintained and approximately the same amount of CO2 is absorbed. 
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ard sample of potassium acid [)luhalate in lUO ml. of fleshly iioiktl and coolctl 
water. Add 3 drops of an alcoholic solmton of phciiolphthaleiii (2 k- 
and titrate to a faint pink color with the NaOM solution. 

Where empirical standardi/ation against phosphorus is injuiied, ditec tionr. will 
be found in the methods concerned. 

Calculate the phosphorus equivalent hy using the ratio 23 .NaOH to 1 phos- 
phorus. One milliliter ol I .V NaOH is ecjuiv.dc'nt to tl.tltliaa g. of phosphoius. 
The solution may also he standauli/ed ag.iiiist .National Bnie.iu of Stand. irds 
standard steels. Protect the .N.iOfI solution fiom CO.j hy means of a sod.i-iime or 
soda-asbestos tuiie. 

(e) Pheiiolphthalein Indicator .Solution (10 g. |»er liter). 

(f) Standard Nitric .Vcid.-Dilute it) ml. of cleai UNO., to I liter with waUi, and 
standardi/e against the standaul .NaOIt solution, using piunolpluhaiein as the 
indicator. If desiied, tiie UNO., may he lendered ecpiiv.dent in the X.tOll wjIu- 
tion by dilution with water. 

Procedure.— (it) Transfer 2 g. of liic sample to a atiO-nd. pt.itiniini dish provided 
with a plaiimmi cover, and .add 2’> ml. of JI.NO.,. .Add IIP cantioiisly, a few diups 
at a lime, until complete decomposition of the alloy is elfected and. .t tot.d of LA 
ml. of HP has been added. Remosc the cosci and tinse it with a }el of vv.iter. 

.Add 15 ml. of HCIO, (7t)'’',), and he.u on .t s.ind hath to dense white fumes. Rinse 

down the sides of the dish witti a little w.iter and again heal to dense white fumes; 
then continue the heating for 5 min. Icjngcr. 

(5) Cool, add .51) ml. of water, and ii.uisfcr to a ;5lli)-ml. P.ilenmeun ILok. Hnij 
for seveial mimites to expel fiee chloiine; then add 2 nd, of H.NO, ,ntd .ni excess 
of KMnO., (25 g. per liter). Boil foi seveial minutes, .ind then tiesiios the ext ess 

K.MnO, Iry the addition, dii»p hy drop, ol .i saiur.iied sohiiion of Xa .SO, tjr H.,-SO,. 

. (c) Boil for a few minutes longer to expel oxides of nitiogt n. .tncl cool to joom 
temperature. .Add 1() g. of .NH,NCT,, tt.Da g. ol feitoiis ammonium siilf.tfe disiohed 
in 10 ml. of water, and 50 ml. of ammonium moKhdaie M>imiini. .Snippet the ll.isk 
and shake vigorously for 5 min. 

(ci) .Allow to settle for U) min.: if the alloy coiiiains less th.m U.02‘\', of phov 
pliorus, allow to stand ;!0 min. Piher and wash six or eight titties with told UNO, 
(1:0!)), ir and liiiallv 12 to 15 lime-.s (or until fiee of atiil) with R.NO.. CKl i' iier 
liter). ‘ ■ 

(e) Return the preci[)iiaie and paper tc) the precipitating vessel. Add 1 to 3 ml. 
iit excess of NaOH (1 ml. ~ 0.0002 g. P) and 25 ml. of witter, hath fiee ol (!(),„ 
and shake or stir until the precipitate is dissolved. Dilute to 100 ml. with w.uer 
free of CO.^. add 3 drops of phenol[)hihalein indicator sedution and dischai’'e the 
pink color with standard HNO;,. Pinish the titration hy adding .NaOH (1 ml. 
0.0002 g. P) to the reapjieaiance of the pink color, 

(f) lilank.-.Make a blank determination, following the same procedure and usin-' 

the same amounts of :dl re.agcnts. ^ 

(g) Calculation.— Calculate the jrerceutage of phosphorus as follows: 


Phosphorus, per cent = 


[(.-t - BC) - (O - EC)\F 
G 


X 100 


as'discrlSril; "'olybdaie-magnesia method 
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where .1 = milliUiers of NaOH solution required by the sample (Paragraph (<■)), 

B = milliliters of HNO 3 required by the sample (Paragraph (^)), 

C - milliliters of NaOH solution equivalent to 1 ml. of the HNO 3 , 

D = milliliters of NaOH required by the blank (Paragraph (/)), 

E = milliliters of HNO 3 required by the blank (Paragraph (/)), 

F = phosphorus equivalent of the NaOH solution, in grams per milliliter, and 
G = granis of sample used. 

SULFUR BY THE NI'IRIC-HYDROFLUORlC 
.VCID GRAVIMETRiC METHOD 

Reagents, (a) Pcrdilon'c Acid (709&). 

(b) Zinc (20-mcsh). 

(c) Barium Chloride Solution (100 g. per liter). 

(d) Barium Chloride Wash Solution.—Add 5 ml. of HCl to lUO ml, of BaCL 
(100 g. ]ier litci) and dilute to I liter. 

Procedure.— (ti) Transfer 5 g. o! the sample to a 30l>->nl. pl.itinum dish equipped 
with a platinum co\cr, and add 150 ml. of HNO^. Add I to 2 ml. of IIF. Heat, if 
necessary, to start the reaction. Remove the dish from the source of heat and add 
cautiously several milliliters of HF. Repeat the procedure until the sample is dis* 
solved. From 50 to 60 ml. of HF arc required. Add I g. of NaoCOj. Remove 
the cover and rinse it with water. Add 30 ml. of HCIO^ (70%), rinse down the 
sides of the dish with a little water. cva{>oratc the solution to dense white fumes, 
and cotiiimie Itcating until the volume has been reduced to approvimaicly 20 ml. 
Cool, add 20 ml. of water, and repeat the evaporation to dense white fumes. 

(6) Cool, add 25 ml. of water and 0.1 g. of boric acid, digest, atjd transfer to a 
250-ml. beaker. Boil for 3 to 5 min. to expel free chlorine. Dilute to 50 ml., add 
10 ml. of HCl and 5 g. of 20-mcsh zinc, and warm on a steam bath until the iron 
is reduced to the ferrous state and the evolution of hydrogen has nearly ceased. 
Filter through a 9-cm. closc-icxiurc paper, wash tlie paper 12 to 15 times with hot 
HCl (1:99), and discard. 

(c) Warm the filtrate to 60' to 70'C., and add 10 ml. of BaCl^. (100 g. per liter). 
Stir vigorously and let stand for 18 to 21 hr. Filter on a 9-cm. close-texture paper, 
wash 10 to 12 limes with BaClj wasli solution, and then wash 15 to 18 times wiili 
HCl (l:99).i2 

(d) Ignite in platinum, first at u low temperature and finally at approximately 
900'C. Cool, and weigl; as BaSO^. 

(e) Blank.— Make a blank determination following the same procedure and using 
the same amounts of all reagents. 

(f) Calculation.— Calculate tlie percentage of sulfur as follows: 


Sulfur, per cent *= 


(A - g) X 0.1374 
C 


where A = grams of BaSOi, 

B = correction for blank, in grams, and 
C =* grams of sample used. 


X 100 


-If desired, the viasliings may be kept sep.inuc ami examined foi B.iSO^ .is follows. 
^ aashings to dryness; dissolve ihe slight residue in 50 ml. of hot HCl (2'OS}: 
add 2 ml. of naCl 2 (100 g. per liter); and digest at 70® to 80'C. for 2 hr., avoiding am 
undue evaporation; filter on a small close*tc\tuic p.ipcr; uash 3 limes with cold Hp 
(1:99), and 10 times with warm water. The recovery of BaSO* that is oidinarily ob- 
tained represents approximately 0.001 to 0i)02% of sulfur. 



CHF.MICAL ANALYSIS OK KKRRO-ALI.OVS 


7(ii} 


FERROMANGANI-SE, SiLIC;OMANGANESE. AND MANGANESE- 

SILICON 


MANGANESE 

77//-: iMSMirruATE method »- 

Appftrattis. I'iUcr.— Dif^f^t ;i Miil.ihic giaWe of ;isi)tstt»s in hot flNOj .nui llico 
wash it free of acid witii hot wulci. I*icj»aic a p.ul of the asfjcMos on a If in. .dun- 
(him or piiforaiud porcelain plate* icMin;^ in .1 lai”c j^Iass fimiu'i. 

Heii^ctils. (a) Pcichlorii' Acid 

(b) Standard Sodinin TliiosuUatt* Sohition (O.l N). 

2!.S of NaS.^O.,*.')! 1.^.0 in i lilir of fjcshlv boiled and 
cooled water in a stciilc (<la\s bottle. 11 Mtlfur precipitates durin;.; piep.oation or 
upon subsetjUenl use, disiaid tire sohition and piepaie a new one, 

S(au(luidiziilii)n.— l‘i\ii:i If.a nil. of It.l ,V K,10.| into .1 l^a iid. Il.tsk. Add Jt) ml. 
of water, I g. of K.I, and HI ml. of ll^.SO, fl; h- 1 itr.tte (eitli the mjIo- 

tion to a light straw color. .Add 2 ml. of starch sohuiini (Id g. per liter) and ton- 
timie titration to the disappe. nance of the blue tcdoi. 

Where empirical sl.tnd.ndi/.ilion against coppei is ttepnied, diiections will be 
found in the methods concerned. 

(c) Sodium Ui.sinuthate.~‘I his le.igent shall In* of the SO”', gi.ide ,ind free of 
manganese. Test its o.\idi/ing powei as follows; shake d.a g. of N'aliiO;, .wid 5 g. 
of KI with a little watet in a stoppeied Il.tsk: add la ml, of llCil .nid allow to 
stand in the daik, while shaking orc.isionally. nniil the .N'alliOj h.t.s enliieh de- 
compo.seti: dilute to ihJO ml. aiul tiiiate with d.l .V .Na,„S.^(),. using starch .is an 
indicator at the cud. One ntilUltcer of d.l .V .\’a,..S.,().j is ecjuiv.detrt ter d.dl Id g, 
of NaBi0.j. 

To test for manganese, add 5 g. of .N'aHiO., to la ml, of IIN'O,. (I:;ij, fle.it ami 
dissolve by adding drop hy drop a dilute soUttion of FeSO,. Camiintrc .is de- 
scribed below under the procedure for leirornangtinese ;md mang.nuse mci.d, to 
die additioir of .NalliO.j. when tire development of a pink color will show the 
presence of manganese. 

(tl) Nitric .Acid (;5;y7).--lloil if) ml. of II.NO., under the hood until decolort/ed. 
cool, and pass in a current ol clean air lor :» min. .\H;^ ;il) ml, of this .icid with 
970 ml. of water. .Add 1 g. of .NaJliO-i, shake, and allow to settle. I he only the 
clear supernatant litjuid. 

(c) Ferrous Anuttoitium Sirlfaie.— Fiite, well-nrixed crs,st;d.s of Fe(Nn 
6HT) will he ret|uired. Determine lire manganese e(|uivalein as follows: liansfet 
2-0 g. of NaliiO., to a 1-liier Erleimreyer flask; add 2;7U ml. of told 
and vigorously agitate tire solution for 1 min.; dilute with 250 ml. of coIcI water, 
and immediately filter through a hiyer of acid-washed asljcstos as descrihed in the 
following section, Paiagrapli (h); add 100 nd. of 0.1 .V RMnO, to the hliraie: stir, 
add 5.000 g. of ferrous ammonium sulfate and a few didjrs of 0.0! t\[ 1,10-phenan- 
throline indicator, and immediately titrate the excess of the ferrous salt with 0.1 .V 
KMnO^ to a clear greeir color that persists for at least 30 sec. 

(0 l.lO-Phenanthrolinc-Ferrous Complex Indicator .Solution (0.025 A/), 

encmm!LT*‘'''r^ applicable in the pre.sencc of cobalt, bm this clement is sehlonr 

ciicounieied in ferromanganese. 
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Dissolve 1.485 g. of 1,10-phcnaiuhrolinc monoh)drate in 100 ml. of 0.025 Af 
ferrous sulfate solution. 

(g) SiancLrcl Potassium Permanganate Solution (0.1 N). Prejmraiion.—Dhsohe 
3.2 g. of KMnO^ in 1 liter of water. Let stand tJi the dark for 2 weeks, and filter, 
without washing, through a Gooch crucible or a friitcd-glass crucible of fine porosity, 
atoiding contact with rubber or other organic material. Store in a dark-coloicd, 
glass-stoppered bottle. 

StanJardjzanon.i*— Transfer 0.3000 g. of the National Bureau of Standards stand- 
ard sample of sodium oxal.itc*^ dried at IOj'C., to a OOU-ml. beaker. Add 250 
ml. of H.SO^ (5:95), previously boiled for 10 to 15 min. and then cooled to 
27* ± 3°C. Stir until die oxalate h.is dissohed. Add 39 to 40 ml.>“ of the 
KMnO^ solution at a rate of 25 to 35 ml. per min., while stirring slowly. Let 
stand until the pink color disapjiears (about 45 scc.).^^ Heat to 55* to G0*C., and 
complete the litratiou hy adding die KMiiO^ solution until a faint pink color 
persists for 30 see. Add the last 0.5 to 1 ml. drop by drop, with paiiicular care 
to .allow each drop to become decolorized before the next is introduced. 

Determine the amount of K..Mn 04 icquircd to impart a faint pink color to the 
solution by adding die KMuO^ solution to the same volume of die boiled and 
cooled H..SO 4 (5:95) at 55* to 60*C. This correction usually amounts to 0.03 to 
0.05 ml. 

Procedure. 1. Fcrromangatiese mid Man^miese Metal, (a) Solution of Sample. 
—Transfer 0.25 g. of the sample to .a Filter Erlcmncycr flask, and .add 15 ml. of 
HNO 3 (1:3). Heat cautiously until the s.ituplc is dissohed. Add 8 ml. of HCIO 4 
(70%) and boil gently umd tlic acid fumes strongly and MnO^> begins to separate.** 
The heat applied to the flask shall be sucli that the HCI 64 refluxes down tlie 
sides, and no great amount is lost by \olatilization. Cool, adtl 5 ml. of water and 
25 ml. of HNO 3 (1:3), and boil for sctcral minutes to expel free chlorine. Add 
sufficient H«S 03 or NaNO^. solution 10 just disM)Kc the separated MnOn, and to 
reduce any chromic acid formed from any chromium in the alloy during fuming 
with HCIO 4 . Boil the solution for 3 min. to completely expel oxides of nitrogen. 
Cool to room temperature, add 225 ml. of colorless HNO 3 (2:5) and sufficient 
water to bring tJie total volume to 250 ml., and cool to 10* to 15*C. 

(b) Oxidation of Manganese.— If the directions in P.ar.»graph («) have been fol- 
lowed, the manganese will, at this point, be present in a concentration of approxi- 
mately 0.001 g. per milliliter of HNO 3 (1:3). This concentration of manganese 

iilouler, R M., and nriglU. H, Siaiidardization of Pciiiiangaiialc Solutions I'iih 
Sodium 0\alatc, Journal of Kc'e.iich, Nat. Biirc.-iu Slandanls (Rcscaicli Paper RPS43), 15. 
5, 493, September, 193r). 

15 If tlie lUiicaii of Standards standaid sample ot sodium oxalate is unaiailablc, pure 
sodium oxalate may be prepared according lo Sorensen by (n) ti\o rccrysialli/ations from 
water of the reagent grade Mibstaiuc, or ( 6 ) prcupitjtioii fioin .in af|Ucous solution "ith 
alcohol. Sec Sodium Oxalate as a Standaid in Volumetric Analssis, Circular C40, Nat. 
Buicau Standards, 5, 1913. 

16 A 0 3-g. portion of sodium oxalate requires 44.77 ml. of 0.1 N KMnO^. 

ir If the pink color should pcistst because the KiMn 04 is loo stiong, discard, and begin 
again, adding a few milhUleib less of the RMnOf solution. 

18 Chromium in amounts less than 2% docs not cause appieciable interference if the 
oxidation and titiation ate rapidly done in cold solutions. Larger amounts interfere to 
some extent, and should he scparateil piior to the final oxidation with NaBiOs. The 
separation is most conveniently made during the initial fuming with HCIO 4 , by adding 
small portions of HCl as soon as all the HNO 3 has been expelled. After alternately add- 
ing HCl and fuming, add 5 ml, of HCIO 4 , and permit the fuming to continue as directed 
in the absence of chromium. 
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;ukI HNO.j, ami a {(.•ni[)cra(nrc of 10* to la*(l., ate (omiilions ttcfcssaiy to imviic 
inaNiimiin sta!)iliiy of i!»u pcrmanj^anic acitl to iic formed as ftii liter <!es<ribcd. 
To ciisme complete oxidation of itie in.iiMianrsc* to [tci maiip, attic acid, ii is essen- 
tial dial ilio NaliiO., he used in dtc ratio of at least Lit) t;. to cvciy i^ram of tnait- 
gaiicse in solution. Add appioximatcly 7 g. (h g. if the s.miplc is nianganese 
iiieta!) of XalfiDs to the llask. .igit.iie biiskh lor 1 min., dilute ;sith 2.')!) ml. of 
colli water, and iilier immediately through an .tslx-sios p.id (see Appat.tius}, fhe 
filter can he washed fice (turn mang.tncsc more le.tdily if not allowed to run dry 
during the liheting and wasldng. \Va>b the Idler and rcNidue with cold, freshly 
boiled moil the wasidiigs aicr entirety coloiless, and immediately 

treat the filtrate and w.ohiiigs as desiiihed in Ibttagi.iph (< ), 

(<:) ,\dti ‘I g. (slightly tnoie if the sample is mang.otese metal) of fetious am- 
monium sulfate to lite Idtetcd odntion of prifuang.uiic at id. Stir briskly. .\s 
soon as reduction is complete .iiu! .dl of the s.rlt has dissolved, add .t few tliops 
of 0.0 1 M l.ltl-phcnanthroline indicator and titr.ite the extess ferrous ammonium 
sulfate with O.l .V K.\[u(>, to a cle.if green loloi ih.it peiists fur at le.ist SO see. 

(d) Calculatlon.—tiaknlate the perccnt.fge of mang.im se as follows; 


M.mgaiicsc. per cent 


(.1 


Ji) X 
•• - 


U.Ul 10 


too 


where .1 ~ tninUiler.c of I'x.ieily 1 .V K.XfnOt eipiiv.rlrnt gr-uus of ieri'tnis aimrioninm 
sulfate added, 

B == millilitera of e.xai tJy i A’ K.MnOi rciiuired to litr.ite the r.xcc;j,s fcrroi!.i .isrj* 
inunium sulf.ite, ,md 
C ~ grams of sample used. 

2. .VihVonunrgiinnr; ntxd .f/ungujJeve-.Si/iVon. (a) Soluiiotr of .Samplc.—Tiansfcr 
0.3 g. of silicomang.uiesc ((!() to Thf’,', mang.mese) or 1 g. of niatrg.inessasilicon (2*1 
to 25% manganese) to a huge platimim dish fitted with a platinum cover, and 
add lU ml. of flF. (.Some spiegcleisctis ;nc lomjiletely sohiiile in in whith. 

CISC the sample may be dissolved direr tiy, .ts desii iljed in Set lion 1.) W'hcn tlic 
reaction moderaies, ;uld II. NO,, a few drops at ;i time, timil the s.tmple is dis- 
solved. Remove the covet :ind rinse it witii w.iter. .\dil 8 ml. of UOlO, 
and evaporate to dense white fnmes or niriil .Mn()._. begins to sep.n.rtc. Cool, 
transfer to a 1-liter Erlentneyci ilask, am! l)oil lor sever.d minutes lu expel free 
chlorine; next rinse the dish into lite Krleinneyer Ilask with 25 ml. of MXO., (1:3) 
plus suiricient fCSO-, to dissolve the separ.iud ,\lnO^. Ifui! for 3 niirt. and cool. 
Add 225 ml. of colorless fl.NO-j (2:5) and siiiruietit water to bring the volume to 
250 m!., uiui cool to HP" to h'CC. 

(5) Complete the detenninaliou as desciiited in Set lion I (h) to [d). 

the BYnOBIlOSlUlATE {BOTEXTIOMETiaC) METFIOP {E)lX>or) 
Scope.— This method covers the determiuatiou of maugaucse iu commercial 
grades of ferromanganese and silicomanganese in the range from 00 to 
S«;m/rnry of 3/ft/rod.-M:mg;mous matrgauese, in a neutral pyrojihosphaie solu- 
oon, is liirated pocentiomeirically with permanganate. "I'lie manganous ion is 
oxidiced. and the pennanganaie reduced, to ;i uivaleni pyrophosphate complex, 
^nfer/erenctw.— Provision has Ircen made for removal of ittlerfcriug elcmeius. 
■Ippornttrs. (a) pH .Meter.— 'Phis should be equipped with a platinum electrode, 
a fresh, sleeve-type, calomel-shielded electrode (Noce •!), and a glass electrode. 
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Note 4.-Calomcl eleciiodes that ha\e been alloucd lo dry oul will Bi^c very poor results. 

(b) Magnetic Stirrcr.-lUe ot :« icirafluoreihylcnc ('rcHon) to\cicd stirring bar is 
recommended. 

Reagents, (a) Boric Acid (H3BO3). 

(b) Hydrogen Peroxide (3%).— Dilute I volume of conceniraicd hydrogen per- 
oxide (HjjOo, 30%) wiiii *.) volumes of water. 

(c) Potassium Pennanganate, Standard Solution (0.03 N). 

(d) Sodium Hydroxide Solution (200 g. per liter).— Disiohe 200 g. of sodium 
hydroxide (NaOH) in water and dilute to I liter. Prep.irc fresh as needed. 

(e) Sodium Pyrophosphate (Na^P^Oj* lOfLO) (Xoih 5). 

Note 5.— The sodium pyiophosphaic imist be ficc ftom impinilies, EatJi lot should Ixr 
tested b\ anah/iug .i solution euniaiiiing a Liioun .iiiioiitK of ii>.nigaiiese in tlic ruiin of a 
\iaml.Tul manganous solution. If tbciesntts .nc c»r.Uic. the stnUtun py»uj>ho>pli.ue should 
be purihctl b\ rccrystalliution. 

Procedure for Ferromanga}iese.—{:i) 'Pratisfer 0.2 g. of s.iinple, weighed to the 
nearest 0.1 mg., to .a •lOO-ml. beaker. Add 20 ml. of HNO3 (LI). 10 ml. of HCIO4, 
and 8 to 10 drops of HF. Cover the beaker immediately, pl.ice on a hot plate, 
and digest until complete dissolution is cllected and nitrogen oxide fumes have 
been expelled. Then add 1 g. of H^BO,. and cv.i]>or.iie lo copious white fumes. 
Wititdiaw the cover slightly and volatilirc any (hroiuium picscai by the dropwisc 
addition of HCl. When chromyl chlorulc has been expelled, as evidenced by the 
disappearance of the orange v.ipors, leplaec the cover and evaporate to copious 
while fumes. Cool, add lU ml. of HCl (1:1) am! I ml. of FLOj, ami boil for 4 
to 5 min. 

(b) Cool to room temperature, wash down the cover .and sides of the beaker, 
dilute to 150 to 200 ml,, and add 55 g. of NtiiPjO-* lOH^O. Place a stirring mag- 
net in liic beaker, place liie beaker on a magnetic stirrer, and stir until the salt 
dissolves. Using a pH meter (with calomel and glass electrodes), adjust the solu- 
tion to pH 6.5 with NaOH, and HCl if necessary. Tlic solution should be clear, 
if a precipitate forms, dilute furtltcr and stir until a clear solution lesulis, main- 
taining a pH of 6,5. Cool to 20"C. (Note 6). 

Note G.— Allouing ilie soluiioii lo Maml f<»r at Ic.ivt ’» iiiiii. anil cooling to 20*C. be- 
fore titration gives a tiuirc siahtc miiial poicmial. 

(c) Titrate poientiomeirically with KMnO^ solution, using the pH meter 
equipped with platinum and calomel electrodes. Add the reagent rapitlly until 
tlie first deflection of the galvanometer is noted atid tlien dropvvise to the equiva- 
lence point. The drop giving the largest potential change is taken as the end 
point. 

Procedure for Silicomanganese.—'Tnmtvr 0.25 g. of silicomanganese, vveighed to 
the nearest 0.1 mg., to a 400-mI. beaker. Add 20 ml. of HNO3 (1:1), 10 ml. of 
HCIO4, and 20 drops of HF. Proceed as above. 

Calculation.— Calculate the percentage of manganese as follows: 


where A 
B 
C 


Manganese, per cent 


AB X 0.04395 
C 


X 100 


milliliters of KMnO* solution required for the titration, 
normality of the KMn04 solution, and 
grams of sample used. 
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CHl'MICAL ANALYSIS OF FKRRO-ALLOVS 

TOTAL CARBON BY rilK 1)1 RFC F-COM BU.S LION ML I HOO 

i’romiHrt"*— Dt-'ifiniinc cailjon by ihc tliri’ct-toinl)U.'jii(>n luclluxt dcMribcd above 
under Feriosiliton (p. Kk)}. '.viih tlie folloufug uiodifiiatioiis: 

(/) Use 0.25 to 0.50 5^. of the sample. 

(2) Use a furnace tcin[H'iature of 1200'' to LJaU'^C. 

()) W’hen testing high-silicon in.ilenal, mix the s.imple with 1 g. of powdcicil 
CaiO and cover with I to 2 g. of Hi-tnesh ingot iron drillings <jr millings. 

IMIO.SPIIORLS BY TllK I'KRCl I LOR IC ACID- 
ALKALIMLI RIC MKTllOl) 

Iteagcnti.— l'or dc-striptions o[ the re.igents requited, see llie section on the 
procedure for detetmination of phosphotu.s. above. 

Procedure.— {ii) Dissolve 2 g. of ilie sample of let tomanganese in fitl mi. of 

(u) in the case of siliujin.inganese 01 m.ing.tnese-dliioii, ti.mstci 2 g. of the 
.eiinple to a huge platinum dish, (^over .ind .idd 50 ml. of ILNO,, .nid theit fiom 
10 to 15 ml. of Ml' in sm.ill amounts. 

(c) When solution is complete (I'atagiaph (it) oj add 20 ml. of MCdOj (7*0*',). 

and evaporate to dense white lunies, or until .MnO^, begins to separate, l ake up 
in 5U ml. of water and sulinient M._.S(),, to dissolve tin* pietipiiatcd .MnO^„ boil, 
and filler into a .HKl-ml. Krlentneser flask U) teinose W.tsh the p.qter .mil 

.SiO.j well with HNO;j (!:!)!*). igtiite in (d.itimnu at .1 low be.it, aiid add seveial 
inillilileis of Ml' and 2 ml. of MClUj (7<F'i )• Lv.qioi.tte to vlense white fumes, 
add to the main solution, boil for 2 to ;$ min. and lool to loom temperaluie.*'' 

(d) To the cold .solution (Kit) ml. in volume) add 2 ml. of M.NO, ami l).U5 g. of 
pliosphotus-free fcrious ammonium sulfate, atid hiiug the tem[»eiaiuic to 2.'r’C.-'‘ 
.Add 50 ml. of ammonium tnol)btlate solution, stopper the ilask, and sliakc vigoi. 
ously for 5 min, 

(e) Complete the detetmination as tlesciiheil in the sctiion for phosphotus itv 
ferrosilicon. 


SULFUR BY FlIF NITRIC ACID OXIDATION MK I ilOD 

Ilen»ents. (a) Barium Chloride Solution flUl) g. per b). 

(b) Zinc (20- to aO-iiiesh, .sulfur-free). 

Procednre.-{ii) Dissolve 5 g. of the sample in 75 ml. of MN’O-i. When solution 
is complete, add 0.5 g. of .Na^CiO-i, and carefully evapotate to dtyne.ss in a siilftu. 
free atmosphere. Bake for 15 to 20 min. on a hot plate. C.'ool. add SO ml. of 
HCI, and warm gently until .salts arc di.s.solvccb Atld M) ml. of MCI ami evapotate 
to sirupy consistency. 

(5) .Add 10 ml. of MCI, 25 ml, of water, and 5 g. of 20- to SO-tuesh sulfm-frec 
dtic, and warm on a .steam bath until the irott is reducetl to the ferrous state and 
the evolution of hydrogen has nearly ceased. Filter through a close-texture paoer 
and wash with 75 ml. of MCI (l:‘l!)). 


“If iiinitimu is precsem, evaporate the IIClO,-IlF solution ol the .SiO^ just ui d^viK's^. 
i u.se the le.sidtie with a small amount of .Na.jCO;,, leach the melt with'g'i ujl. of \v iier 
cool. .and filler. .Nfake the fiUrate jirsi acid with Il.NO;, and add it to the maiit solution' 
lu.L “ '‘‘"•■“T'”' 'S present in amouiu.s over 0.08';.(„ veduce it with Fc.SO, and 
octore precipitation with luulyhdale. ' 



774 ALLOYS: FERRO-ALLOYS 

(c) Waim the filtrate to GO" to 70“C. and add 20 ml. of BaCL (100 g. per Iitcr).2i 
Stir vigorously and let stand 18 to 2i hr. Filter on a 9-cin. dose-texture paper 
and discard the filtrate. ^Vash once or twice with cold HCl (1:500) and then with 
hot water until free of chlorides. Rcscnc the precipitate. 

(d) Add 2 ml. of BaCL (100 g. per liter) to the washings and evaporate to dry- 
ness. To the residue, .add 2 ml. of FICI (1:1) and 25 ml. of warm water, and 
digest at GO" to 70“C. foi several hotirs. Filter on a small close-texture paper and 
wash with hot water until free of chlorides.-* 

(e) ignite both j)apers (P.iragraphs (r) and (d) in pl.itiiium. Add 1 drop of 
H 2 SO 4 (I: I) and 1 ml. of flF. Evaporate to dryness, ignite, and weigh as BaSO^. 

(f) Blank.— Make a blank deicnuination, following the same procedure and 
using the same amounts of all reagents. 

(g) Calculation.— Calculate the percentage of sulfur as follows: 


. (.1-B)X 0.1374 

Sulfur, per cent — 


X 100 


where A = grairra of BaS 04 , 

B =s correction for blank, in grams, and 
C grams of sample used. 


SILICON BY THE NI I RIC SULFURIC ACID METHOD 

Reagents. Nitric-Sulfuric Acid Mixture.— Slowly stir ICO ml. of HgSO^ into 
660 ml. of water, and add 180 ml. of HNOj. 

Procedure. 2. Ferromanganese and A2anganese Metat.—(n) Dissolve 1 g. of the 
sample witli 50 ml. of the HNO^-FE-SO^ mixture in .a 250-ml. porcelain casserole, 
and evaporate gently to dense wliitc fumes. 

(5) After the solution has coolctl somewhat, .add 125 ml. of water and 5 ml. of 
HCl. Heat, while Stirling frc-({ucntly. until all salts .are dissolved, and immedi- 
ately filter on a y-cm. paper. Wash the precipitate with hot HCl (5:95) and hot 
water alternately, to complete the removal of soluble salts, and finally with hot 
water until free of acid. 

(c) Transfer the paper and precipitate to a platinum crucible, char the paper 
carefully, cover the crucible, and ignite o'cr a bl.ast lamp or in a mufilc furnace at 
1100" to 1150"C. to constant weigJit. Cool in a desiccator, and weigh. 

(d) Add sufficient HoSO^ (1 :1) to moisten the SiO.,. and then a small amount of 
HF. Evaporate to dryness, ignite at lOOO'C., and weigh. The loss in weight 
represents SiOj. 

(e) Calculation.— Calculate the percentage of silicon as follows: 


c-v X 0.4672 

Silicon, per cent » X 100 

B 

where A = grams of SiOj and 

B = grams of sample used. 

. solution should pieferably contain not nioit: than 2% by solume of HCl at the 

time of the predpitation ivith BaCl2- Ordinarily, there will be no hydrolysis of iron 
during the nitration and wasliing of the undissolved zinc or the precipitation with BaCls- 
Should this occur, the solution must be cleared by the addition of HCl, having due re- 
gard to the final permissible acidity. 

22 This recovery of BaSO^ oidinarily represents from 0.001 to 0.003% of sulfur. 
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2. Silicuiiiaiii^aticic and Man[^ancif Silicon.-(a) 'Iranifcr D.5 g. of tfic ianiplc 
of Miiconian.i-ancM,' ((ill to 70% luan.^ancsc) or 0.25 k- inaiiKatu-M; Mlkoit (20 to 
25'’^ inaii;;anc-.sc) to an iiou ciuiibk-. Arid 8 of dty .Na^On, mix, aiirl fiiH’. 
'I'raiisfcr die cold cake to a diy atlO-ml. porcelain casurole, covet, and add 80 ml, 
of I1..SO, (1:1). Wiica acidif\in” the •-oliilioii of the fusion with Ih.SO,, it is 
iicceJaiy to add some If-SO j to disM>!ve the ,\ln();j that may M paraie. When alt 
action ceases, rinse the <ntiihle well witli water, add the linsiiif^s to the caMctole, 
and evapoiau- to liense white fumes. 

(b) Complete the determiJi.ttion as destrihed in He* tiun ! (h) to (e). 

(<) When hi”li aiuir.uy is desjicd. it is atisis.dde to es.ipoiaie the iiltrate and 
UL'atii deindiale, filter, etc., to letovcr the small amount of SiO.^ that est.ipeil the 
fiisi dehsthalion. 


KERROUORO.V (IwJMiDT) 


i'cope and .Ipp/icnfion.— These methods cover the tliemic.d analysis of ferro- 
boron hasinj' chemical compositions withiit the following limits; 


I'oion, per cent to 20.0 

.Silicon, in.ix., per cent O.I to .S.O 

Carlion, m.ix., jier cent O.I to 3,0 

Ahnnimnn, max., jjcr cent 0.01 to 0.50 


uoRo.N iiv Till-: iu.\'i:xc:n.\.\c;i-: .mktikm) 


.Scope.— 'I'll is method covets the delerminatitm of lioton in the tan^;e from lU 
to 20S(,. 

Suiniitury af .f/e//t«d,— The sample is fused with Midiuin peioxidc and die fusion 
leached witli acid iindei a lellu.x condenser, ir.nisfeiicd to a hc.iker. diinitd, and 
passed ilnoti^li a ctdunni of a stton;^ acid-ispe ion e.xt hanj^e resin to lemose inter- 
fering tiition.s, Tite ellliient is neatly neuttali/ed. tt llnxed to remose t.iibon diox- 
ide, and cooled. .After adjusting; the pH. invert sugar or tnanttilol is added, and 
the sohnion limited poientiomeirically to pi 1 (i.O with stamf.nd sodinm hydiuxide 
solution. 

.Ippnrntm. (a) riorence Flasks,— 'I In-sc shonh! Iiave and 5()0-nd. capacity 
(low-boron). 

(1)> Ueliux Condenser.— The condenser should be ctptipped with ;m inner tube 
ni.atle of low-boron glass. 

(c) Iron Crucible.— Iron, 3U-ml. crucibles made fiom N’o, 20 gauge (tf.tbkS in.) 
ingot iron are suitable, 

(cl) Ion-Exchange Column.— Prepare Iry sultstituliiig for tlic zinc column in a 
Jones Rcductor (Fig. 25-1) a column of a suitalde ion-exchange resin (see (c), 


fhe Jones Rcductor sliall conform to the dimensional reciuiiemeius shown in 
Fig. 25-1. 

(e) pll Meter.— This should be provided w-ith outside electrodes and stirrer. 
deagenls and Materials, (a) Boron, Standard Solution (1 inf. = 0.00031 g. B) 
-Pulverize 5 g, of boric acid (I-I.jBOa) to pass a No, GO (250-ft) sieve and city in 
vacuum over anhydrous magnesium percfdorace at room temperature to con* 


.Auhyclronc has been found satisfactory for diis purpose. 
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stunt weight. Dissohe 3.092 g. of the dry salt in 500 ml. of hot water. Cool to 
loom letnperatuie, .ind thluie to 1000 ml. with cold, recently boiled water. One 
milliliter of this solution is equLalcni to 0.00051 g. of boron. 

(b) Ferrous Sulfate (FeSOA. 

(c) Ion-Exchange Rcsiii.-*-This should have 8% cross linkage, passing a No. 50 
(2‘)7 -m) siese but retained on a No. 100 
(l l‘J-/4) sic\c. 

(d> ln>cTi Sugar Solution 0515 B* pci 
iitccI.—Dissolvc 1000 g. of granulated 
sug.ir in 030 nil. of previously boiled hot 
waiei and add 8 ml. of 1 iV MCI. Heat 
.it 80* to OO'C. for 2 hr. Adjust to pH C.9 
with NaOH solution just before use. 

(c) Mannitol.— Mannitol, neutral, m.!)' 
be Used instead of invert sugar in Para- 
gr.ipli (rf). 

(f) Methyl Orange Indicator (1 g. per 
liter). 

(g) Sodium Hydroxide, Standard Solu- 
lion (1 ml. U.OUII g. Hj.-Picparc as di- 
rected except that the sodium liydroxidc 
(NaOl!) shall be dissolved in a poly- 
ethylene be.iker and sioretl in a poly- 
ethylene bottle. Standardize the solution 
ag.iinst 50 ml. of the standard boron solu- 
tion. since the relation is not stoicliio- 
nieirir. The actual boron ctiuivalcni of 
the NaOH is 1 to 2% above the thco- 
rctic.il. 

(h) Sodium Peroxide (Naj,0.j). 
Procedure.— {a) Transfer 1 g. of the 

s.imple. weighed to the nearest 0.5 mg., to 
.1 30-m!. iron crurible and mix well with 
10 g. of NaoOo. Put on goggles, and fuse 
the mixture carefully by first playing die 
ll.iine of a laboratory buincr cautiously 
on the surface of the mixture until fusion 
begins, and then revolving the crucible 
in tile outer edge of the H.iine by gripping with a pair of longs and rotating vtgoi- 
ously, gradually raising tljc lenipciaiure to about 900®C., until decomposition is 
complete. 

(5) Cover the crucible, cool to loom temperature, and tap on a solid object to 
loosen ilie cake. Transfer the cake to a 250-ml, Florence flask, and connect to the 
reflux condenser. Mix 30 ml. of HCl witlj 20 ml. of water, and rinse the crucible 
with successive portions, adding the rinsings to the flask through the condenser. 
This should decompose the cake and render the solution just acid. If not, add 
enough HCl to make tlic solution just acid to litmus, and boil gently for 5 to 10 
mm. Cool, disconnect the flask from the condenser, add 1 g. of FeSO^, agitate 

■*4 Dowex-50 resin has been found suitable for this purpose. 


Reservoir 
(lOOmI .Approx.) 



Amolgamoted 

ZtAC 

(20- to 30-Mesh) 




, . Perforated 
1^/' Pofccloin 


Gloss Beods--— 


Suction Flask 

Fic. 25-1. Jones Rcducior, 
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ihc iUisk, ;ukI blow a ( uncut o( air on the surlaa- of the AoUuiou to expel chloritie. 
'rraii.sfer the solution to a liatl-mi. \oluinctni flask anti dilute to the mark. IJv 
means of a pipei, transfer aO ml. of tJie solution, etpiiv.'ilent to 0.2 j;. of the 
s;imple, to a 150-mI. beaker, ami rlilutc to 1(10 ml. 

(c) Place a -l-cm. pluj^ of Kf*’'*'' '^'ool itt the bottom of the ion exthan^e colinnn. 
Fill the tube with te.sin anti uMsb, hist with 100 ml. of llCl (1'.2). ami then with 
wtiicr to renune the atid. Duiini^ the u-.tshiii” piutcss atljust the flow t.tte to 
approximately 20 ml. per min. l‘.<ss the lOO iid. s.itnplc tluuu^h the resin cohnim, 
and wash tiie tohmm with 200 ttd. of w.tter in suiiessively small poitiuns. Re- 
"cnerate the resin beiuie leuse by w.isbiti;,' witb lit;! (1:2) until the iton is lemuved, 
and imally with water tt) lemove ilic atiil. 

(</) Transfer llie ehiate to a aOO mi. il.tsk ol hrw iioron ”l.(ss, athl j {lro|rs <d 
inethvl orair^e inditattir. .uul neatly neutt.di/e b\ adiiition tif .\‘a()H pellets. Hod 
the solution undei a lellux toiideiiser lot *> mm. ttr teniose .ms r.trbon dioxide 
(CO.,) present, tool to tooin lemperatute. ,im! tiansfci to a tiOO-ntl. beaker, 

(e) Iksiii); a pi I itieter. .nljust the solution to p!l t>.0 by .iildition of O.l ,V 
NaOH sohuiun liom a itniei. .\v!d snliiiieirt insen suij.ir sohtiion or m.titnittrt 
to make tlte restdtiii” tttmenti.ititm i.Mi M {i;i ml. inseii sutt.n .'ohition or II of 
mannitol jrer 100 mi. ol sohuioni. I’itrate iimneili-itels to pM tk'J with 0.1 .V 
XaOll solution. 

(f) lilank.—.Makc a bl.mk detcintination followinji llte same piotcdure ami itsinj); 
the -same tjuamitics of all rea;;ents. 

Calculation.— tkiUnlaie tht: pettentaj^e of boion as follows: 


Uuitni, per cent 


(.1 - me 

" ' /) ' 


100 


where ,1 — miniliteis of XaOll .srdnlion retjoited for titi.ition of the sample, 
/{ = milliliters of X.iOll solution requireii for tiiraiioti of the blank, 
C — boron equiv.deni of the XaOH .soUilion, and 
D = grams of s.mtple used. 


ALUMINUM IJV THE AURIN FRICARHOXYLIC: ACID (AUUMINON) 
(FiitrroMi: i RKi) .mffiiod (icn-mri) 

.S’fo/;e,~Tiiis methotl (otei.s the detenniiialion of ahnninum in the r.mge fioin 
0.0 1 to 0.50‘>' 

j t> 

Sutiunary of Melhoil.—Allcr fusion of the s.imple with sodium petoxidc .nnl 
leaching with water, an alitjtiot of the supernatant litjuid is acitliired, and the 
aluminum concentrated fry precipitation with ammonium lisdroxide. Iron is 
separated with cupfenon, the excess tupfenort in the liltraie tleslioyeil wiih nitric 
and percirloric acitls. and aluminum tlelcnniited [rhotontein'callv with aintm'non 
reagent. 

(‘Oncetitration /ifurtge.— The recoinmendetl conceirtratioit range is ftom (M)2 to 
0.10 nig. of aluminum in a l(H)-ml, volume using a tell depth of 2 cm. (.Xotk 7). 

.\ori. 7.— I his mcilnHl has been written lor a tell liasing a 2-cm. light patfi. Ceil.s hav- 
ing other (limension.s may he u.setl, inovided suitable adjustments can he made in the 
ainoum of sample and reagents used. 

Stability of Color.— lUc color has an appreciable temperature coellicieiu, ami 
all meusuremems should be made within UC. of the selected ojreratinn tern- 
peniiure. ^ 
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Interferences.'-Vtovhiow for removal of interfering elements normally present 
in ferroboron has been made. 

Precautions.—Scc the paragraplt on perchloric acid under “Water, Reagents, 
and Glassware,” in the section "Standaid Afcdiods for Chemical Analysis of Steel, 
Cast Iron, Open-Heartli Iron, and Wrought Iron,” Chapter 21, relative to use of 
perchloric acid. 

Apparatus, (a) Volumetric riasks.--Flasks shall be of borosilicalc glass, glass- 
stoppered, 100- and 200 inl. capacity. 

(b) Iron Crucible, 50-ml. 

Reagents, (a) Aluminum, Standard Solution (1 ml. » I.OO mg. AI).— Transfer 
1.00 g. of high-purity aluminum to a l-Htcr volumetric Hast. Add 100 ml. of HCl 
(1:1), and heat gently until dissohiiion is complete. Cool to room icm])erjture, 
dilute to tlic mark, and mix, well. ! 

(b) Aluminum, Standard Solution (1 ml. = 0.0100 mg. Al).--Transfer 10.0 ml. of 
aluminum solution (1 ml. = 1.00 mg. AI) to a Miter volumetric flask, add 20 ml. of 
HCI (1:1), dilute to the mark with water, and mix well. 

(c) AIuminon-Buffcr Solution.— Dissolve 125 g. of ammonium acetate 
(NH4CoHjjOn) in 250 ml. of w.iter .»ml 20 ml. of glacial acetic acid, and fdicr 
through a dry filter. Dissolve 0.250 g. of ammonium aurintricarbox)laic (alunii- 
non) in 50 ml. of water, and add to the ammonium acctatc-acciic acid solution. 

Dissolve 0.50 g. of benzoic acul in 20 ml. of methanol and add slowly with good 
stirring to the acctaic-aluminoa solution. Dilute the combined solutions to 500 
ml. with water. Add 250 ml. of glycerol with good stirring, and transfer the solin 
tion to a dark-colored, ghiss-stoppcrcd bottle. Store in a d.irk place, and let stand 
lor 72 hr. before using. 

(d) Ammonium Chloride Wash Solution (20 g. j>cr liter).— Dissolve 20 g. of am- 
monium chloride (NH^Cl) in 200 ml. of water, and dilute to I liter. 

(e) Broincrcsol Purple Indicator (0.1 g. per Jiier).-Dissolvc 0.1 g. of bromcrcsol 
purple in 1.85 nil. of 0.1000 iV N.iOH sohuion and dilute with water to 250 ml. 

(f) CupCerron Solution (GO g. per liter).— Dissolve G g. of cupferron in 80 ml. of 
cold water, dilute to 100 ml., aiul filter. Prepare fresh as needed. 

Cupimon NVasIi Solution.— Add 20 nil. ol cuplcrron solution to DSO ml. ol 
H2SO4 (1:9). 

(h) p-Nitrophenol Indicator (0.20 g. pec liter).— Dissolve 0.020 g. of p-iutro- 
pheiiol in 100 ml- of water. 

(i) Sodium Peroxide (N.a^02). 

(j) Thioglycolic Acid Solution (10 ml. per liter).- Dilute 1 ml. of thioglycolic 
acid to 100 ml. with water. This solution is not stable and should be prepared .ts 
needed. 

Preparation of Calibralioii Curve, (a) Calibration Solutions.-(/) By means of 
a buret, transfer 2.0-. 4.0-, G.O-, 8.0-. and 10.0-nil. aluiuois of the standaid .dmuiaum 
solution (1 ml. = O.OIOO mg, AI) to 5ve 100-ml. volumetric flasks, and carry a sixth 
100-ml. volumetric Hask along as a blank. Add 2 ml. of HClOi to each flask and 
dilute to 20 ml. with water. 

(2) Add 3 drops of the p-nitropheiiol indicator. Neutralize to a yellow color 
with NH4OH. Immediately add HCI (1:1) dropwise until the solution is color- 
less, and then add I drop in excess. Add 0.2 ml. of tliioglycolic acid solution and 
15 ml. of the aluminon-buffer solution. Since the latter solution is viscous, allow 
the pipet to drain for a few minutes. Place the 100-ml. volumetric flask in a 400- 
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ml. beaker contaiuiiif; boiling water, lleai for esactly 1 inin. while maintaining 
the water in the ln-aker at the boiling point. Remove from the lOtl nil. be.ikei. 
ami coo! in the air for I min. C-Oiil in innning water for I min. Dilnti' to tlic 
mark ami miN;. 

(h) Phoiomeiry.-'rr.msfer water to .( L'-ttn. pliotomeler cell, .ind adjust tin- 
photometer to the initial settitig, using a light bami tentenai at appio'vim.tteh 
510 m/i. 'I r.msfer a snit.d)le portion of the lest soiniion. adjusted to 2a <, 1 (... 
to a ni.iiched 2 (m. jdiotometer cell, anrl t.tkc the pbotometrit ic.uiingv of the cali- 
br.ition solutions. 

(c) Calibration Ctirvc.-l’lot ibc pliotometiic le.ulings of the calibtation solutioin 
against inilligr.ims of aluminum jier HH> ml. ol soltuion. toiretled for the bl-ink 
if iietessaiy. 

Procedttrc'.-jVj) Tiansfei 2 g.. weighed to the neatest I mg., of the s.imple passing 
a N'o. loo (1 sieve to a .at)-ml. ium uutible lontaining IS g. of Sa XI^. mix sstdb 
and cover sviih 2 g. of Na .O... Put on gtJggles .ind (.nititmsh he.it over the ii.nnc 
of a Inniier until the mek Itegiiis to fuse, .oid then incie.ise the temjieratuie .ind 
contiiutc heating for 1 to a min., lot.iiing the ciiuible until the s.nnple is tone 
plelely (ieconiposeil, (iosel the irutible, »ool, t.ip on a h.ud suif.ite to loosen the 
melt, and iiansfci to a weighed. 12H() inl. si.iinless steel be.iker. Cainiotisly .idd 
300 ml. of water. When the le.ution has re.ised, wash the cimibie with hot w.net 

ami add the washings to the be.tkei. .Add 20*1 mi. of w.ner, 1 to 2 g. of ,'xa..O... 

and lioil for .5 min. to oxidi/e any cbtoinitnn piesein. Cool, .ind .idd w.iter to 
make 1000 g. of solution. .Mix well, .dlow to settle, and rktant 75(1 g. of the solu- 
tion into another stainless steel heaket. Nearly m:utta!i/e the solution with 
(111) -onl transfer to a iaOOtnI. glass heakt'r containing 10 ml. of fl^.SOj 
(1:1). The solutiott should he .it id Hi litmus; if not, .ttld sullicient H.^SO. (I;l| 
until an acid teat lion is obtained. 

(5) Add 1 to 5 chops of hromciesol purjile indicator and NfJ,f)H (1:1) until 
the color of the solution just ilmngcs to puiple. Boil for 1 mim. let settle, hkei 

u.sing a (J em. medium p.iper containing a little paper jmlp. and w.ish 12 to 15 

times with hot NlljCd wash solution. Transfei the pajier and piecipil.ue to a 
•lUU-ml. beaker. -Adel ;it) ml, of H.N'O., to the l.ahO nil. beaker in width the pietipi- 
tation was made, heat to dissolve .my precipitate .itihering to the sides of the he.iker. 
and transfer the solution to the; UKI nd. lie.tker containing the j);ipei ;ind pjcciid- 
tate. .Aclil 15 ml. ol IKIlO, .ou! eviiptir.ite to ctipitius white fumes (Caution) to 
destroy all org:inic m.itter. Cool, atld 20 mi. of MCI, ;iml again evapomte tei 
copious white fumes to volatili/.c any clnoinium present. 

(c) Cool, add 100 ml. of f lCl (1.5:85), heat to boiling, and coo! to 15“ to 20' (:. 
•Add a slight excess of cold cuiifciron solution, stir well. let settle, lilter tinongh an 
ll-cm. medium paper into a -lUO-ml. beaker, and wash 12 to 15 times with cold 
cupferron wash sohition. Discard the precipitate. 

(d) lo the likr.ite add ;J0 ml, of UNO., and 10 ml. of liClOj. and evapontte to 
copious widte fumes (Caution). Cool, ;uid wash down the cover and sides of the 
beaker with water. .Again evaporate lo copious white fumes and continue fuming 
mitil the volume is reduced lo 2 ml. Cool, add 50 ml. of w.uer, heat lo hoilim', 
•md fdter into a volumetric flask tinongh a O-cm. medium j)aper coiuaining ;i liitre 
paper pulp. The size of the flask and suh.se«}ueni dilution of the liliraic are based 
on the following ranges in aluminum content of the alloy: 
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Final 

Solution 

Aluminum^ ptr cent Folurne, ml. 

0.01 to 0.05 200 

0.05 to 0.25 500 

0.20 to 0.50 1000 

Wasli the paper 12 to 15 limes with hot water and discard. Cool the solution to 
room temperature, ddutc to the mark with water, anti mix uell. 

(^) Transfer an alitjuot containing from 0.01 to 0.10 mg. of aluminum to a 
lUO-ml. \oIumetric flask, ami dilute to 20 ml. with w.uer. I'roceed as tlircrtcd 
undci calihr.iiion tui\e preparation. I’.ir.igraphs (rt)(3) anti (h) (Xoit 8). Carry a 
blank determniation tluough all the steps of the pioceilurc. 

Norr 8 -If iiioic tli.in lU <liops of Mi, Oil ate ic<|iiitcil m iietin.ili/e (lie voliiiiuii. dis- 
caul, pi]>ct anolbei .)ht|uni. to Itmtcs ol and linnu viniil the soluinc is 

icduced lo incipient iliMicss. Im> lai^c an evtev. of utiil tatiscs piecipilalion of llic 
.nluniiniin lake when neiitiali/cd uiih Nil, Oil 

Calculation.— By nieatis of the ctdibniltoii curse, contort the photometric read- 
ings of the sample and blank solution to milligrams of aluminum. Calctilaie the 
percentage of aluminum as follows: 

Aluminum, per cent = ^ ^ 

where A » milligrams of aluminum in the sample aliquot used, 

B s milligrams of aluminum in the blank, and 
C »■ grams of sample m the aliquot used. 

SILICON BY THE SULFURIC ACID METHOD (ESl-COT) 

Scope.— This method is recommended for the dcicmnn.»iion of silicon in die 
range from 0.1 to 5.0%. 

Summary of d/cf/iod.— The sample is fused with sodium peroxide in an iron 
ciucible, the melt transferred to a casserole, where it is acidified with sulfuric acid, 
and evaporated to dense white fumes. After dilution of the acid, the dehjdrated 
silicon is filtered, ignited in platinum, weighed, and volatilized with h)drofluoric 
and sulfuric acids. The platinum crucible is again weighed and the silicon deter- 
mined by difference. 

Apparatus. Iron Crucible, 30-nil. 

Reagents. Sodium Peroxide (Na-^Oj). 

Procedure.-{a) Mix 0.5 g. of the*’ sample with 10 g. of Na.Oo in a 30-ml. iron 
crucible. Put on goggles, and fuse the mix carefully by levolving the crucible in 
the outer edge of the flame of a laboratory burner at a teinpeiaturc of 700® to 
800*C. As the mixture begins to fuse, rotate the crucible vigorously to stir up any 
unattacked particles adhering to the bottom and sides: increase the temperature 
and continue heating for 3 to -1 niiu. longer. Cover with a lid and allow to cool 
almost to room temperaiuie; then tap on a solid object to loosen the melt. 

(5) Transfer the cold cake to a dry, 500-mI. porcelain casserole (having a good 
glaze), add 80 ml. of HgSO^ (1-1), rinse the crucible with Iiot water, adding the 
washings to the casserole, and evaporatt^ to dense wliite fumes. 
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Standardization against Potassium Vic/iromaie,— To prepare pure rc- 

crystallize, at least twice, the purest grade of tltc salt obtainable, dry the crystals 
at 150*C., and fuse in platinum at 415*C. Grind to approximately 80-mcsh and 
preserve in a glass-stoppcrcd bottle. Transfer 1.0000 g. of the pure K^CrnO-, which 
contaisis approximately the same amount of chromium as a 0.5-g. sample of 70% 
ferrochromium. to an 800-inl. beaker. DissoUc in cold water, acidify with -10 ml. 
of H2SO4 (1:3), and dilute with cold water to 500 ml. Add a slight excess of the 
ferrous ammonium sulfate solution (approximately 100 ml.), and titrate tlic excess 
ferrous ammonium sulfate with 0.1 A’ KMiiO^ to the first faint permanent darken* 
ing of the clear gieen color. 

Example. -The calculations imohed tn detetmhung the normality of tiic ferrous am. 
iiionium sulfate solution arc illustrated as follows: 

In A siaud.iu{tr.titun, lOUU ml. of tliu (ciious atmtiomuui sul(.itc sululiun was used and 
5 OG nil. ol U1 A' KM11U4 uas rc(|uircil to tili.itc llic excess. 

I ml of 0.1 A KaCr-O? coiit.aius 0.001903 g. of K*.Cr..O; 

1 g. of KoCroO, = 20‘3.9-l lul. of 0.1 N KXrsO? 
then' 

203944.306 = 209.0 ml. of c<]iiitalciu 0.1 ,Y solution reduced by the ferrous annuo, 
nium sulfate solution 

Normality =» X 0.1 = 0.11 

Standardization against Sodium Oxalate.— In standardizing against sodium oxa* 
late through KM11O4, it is necessary to add the ferrous ammonium sulfate solution 
by means of a calibrated pipet or buret instead ol an untomatic pipet. Transfer 
100 ml. of the ferrous ammonium sulfate solution to .1 COO-ml. beaker, dilute to 300 
ml. with cold Hj,S04 (5'95). add 2 ml. of H3r04 (05%), and titrate immediately 
with 0.1 N KMn04 to a faint pennanent pink color. Correct the volume of 
KAfn04 by the volume lequircd to give the same tint In the s.mic \olnme of water 
and acids. When this method is used, it is ncccss.jry in the actual analysis to de* 
termine a blank to counteract the influence of the green color of the chromium 
sulfate upon the Kj\ln04 end point. Tliis blank may be determined in the solu- 
tion used in the analysis, as described in Ihiragraph (d) of the following section. 

(d) Ammonium Persulfate Solution (150 g. per liter). 

(e) Standard Potassium Permanganate Solution (O.l N). 

Procedure.-~(a) Transfer 0.5 g. of tlic s.uiiplc to a 30-ml. iron crucible and add 
8 g. of dry Na^O^. Thorougldy mix the contents of the crucible with a small rod, 
being careful to clean the rod, which may be done contcniently by scraping witli 
another rod. Cover the mixture with an additional I to 2 g. of Na^Oo. Co'cr 
the crucible with a nickel cover and carefully fuse the contents, preferably in an 
electric muffle heated to 600* to 700*C. Fusion for 5 min. at a low red heat after 
the mix has melted will result in complete decomposition. When the charge has 
melted, the crucible should be given a slight rotary motion to stir up any un- 
attacked particles. 

(5) Place tlic cooled crucible and co\er in a COO-ml. covered beaker, and dissolve 
the contents in 150 ml. of water. When the melt had dissolved, remove the cru- 
cible, cover, and rinse. Add to tlie solution 60 ml. of H2SO4 (1:1) and 5 ml. of 
HNO3, and boil for several minutes until all iron scale from the crucible is dis- 
solved. Add 5 to 10 ml. of AgNOg (5 g. per liter), 2 to 4 drops of KMn04 (25 g- 
per liter), and 3 to 5 g. of (NH4)2S208, and boil for 10 min. Add from 3 to 5 ml. 
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TOTAL CARBON BY THE niRECTi’-COMllUSTION METHOD 

ProceJur^.— Determine enrbon by the tlircci-conibustion method (p. 765), with 
the {oUowing modification: use 0.25 to 0.50 g. «C the sample for higlvc.irbou ferro- 
chromium, and 1.5 to 2 g. of the sample for low-carbon ferrochromium. 

SILICON BY THE SULFURIC ACID METHOD 

Procedure. 1. Low-Carbon Ferrochromium ttud C/»ro»;iiMm Metal.— (a) Transfer 
1 to 2 g. of the sample to a 250‘ml. porcehiiii cassciole, add iO ml. of H^SO^ (LI), 
and warm the covered casserole gently until the reaction is comjilete. 

{h) Evaporate the sohiiion to white fumes. If chromium sulfate solutions arc 
fumed at too higli tenipcrutuies or for any gicat length of time or with too little 
free acid present, considerable difltcuUy will occur in dissolving the salts. The 
fuming should, therefore, be made at a temperature not tnuch higher than that 
required for evolving the acid. Allow the cassciole and contents to cool some- 
what (if permitted to become entirely cold, diiricnlty may be experienced in getting 
chromium salts to dissolve), add 150 ml. of warm water while stirring to prevent 
the residue from caking on the bottom, and boil the solution gently for several 
minutes to dissolve nil salts. Filter, and w.ish the paper several times with hot 
HCl (5:95) and then with warm water. 

(c) Transfer the filter paper and contems to a platinum crucible, char the paper 
without naming, carefully ignite to remove carbon, and then heat die covered cru- 
cible over a blast lamp or in a mufllc furnace at IlUO* to 1150*0. to constant 
weight. Cool in a desiccator and weigh. 

(d) Add sufliciciu H.jSO^ (1:1) to moisten the residue and then a small amount 
of HF. Evaporate to diyiicss, tguiic at 1000*C., and weigh. The loss in weight 
represents SiO^. 

(e) Calculation.— Calculate the percentage of silicon as follows: 

Silicon, per cent = ^ ^ 0.467„ ^ 

where .1 w grams of SiOj, and 

B = grams of sample used. 

2. Ferrochromium Containhig Over 1% Carbon.— (a) Transfer 1 g. of tlie sample 
to a 30-ml. iron crucible, and add 8 g. of dry Na^Oo. Thoroughly mix die con- 
tents of the crucible with a sm.ill rod, being caicful to clean the rod which may 
be done conveniently by scraping with another rod. Cover the mixture with 1 
to 2 g. of Na^Oo. Cover the crucible and carefully fuse die contents, preferably 
ill an electric mulllc healed to 690* to 700*C. Fusion for 5 min. at a low red heat 
after the mix has melted will result in complete decomposition. When the charge 
lias melted, the crucible should be given a slight Jotary motion to stir up any unat- 
tacked particles. 

(6) When the fusion has solidified, tap the covered crucible, while still vvann, 
on an iron plate to loosen its contents in a solid cake. Transfer the melt to a diy 
250-ml. porcelain casserole, cover, and immediately add 80 ml. of H0SO4 (LI). 
Rinse the crucible with warm water and add the rinsings to die solution in the 
casserole. When action is complete, rinse, and remove die cover. 

(c) Complete die determination as described in Section 1 (5) to (e). 
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IS'C. or less, oxidize the excess of ferrous irou svitli 8 ml. of (NI'L)jSoOj, (150 g. 
per liter), and stir the solution vigorously for exactly 60 sec. 

(c) Titrate the solutioji (at 18* to 20“C.) with 0.1 N KMnO^, while stirring con- 
stantly, until a faint pink color appears that persists for 30 sec. 

(d) Blank.— Afake a blank deermination by dissolving O.-l g. of ingot iron in 60 
ml, of H.,S04 (1:3) and 5 ml. of HNO^, and follotvlng the s.nnc procedure as with 
the sample. If the alloy contains an appreciable amount of chromium, dissohe 
in the acids with the ingot iron a weight of KXr^O^ eiptivalent to tltc amount of 
chromium in the sample. 

(e) Calculation.— Calculate the percentage of vanadium as follows: 


„ (d - X 0.05095 

Vanadium per cxni jr 


X 100 


where A = millihlcrs of KMnOc solution required for titration of the sample, 

B — milliliters of KMnOf solution required for titration of the blank, 

C = normality of Uic KMnOi solution, and 
D => grams of sample used. 

TOTAL C/\RliON BV THE niRECTCOMBU.S riON METHOD 
Procedure.— Determine carbon by the dircci-combustion method in accordance 
with the procedure for ferrosilicon (p. 7Ca), with the following modincaiion. 

A furnace temperature of 1150* to 1200*C. will suffice for ferrosanadium. and 
complete combustion, except in very liigh-stUcon material, can be secured without 
the addition of an .accelerator. 


PHOSPHORUS BY THE ALKALIMETRIC METHOD 

Reagents, (a) Perchloric Acid (70%). 

(b) Ammonium Molybdate Solution (65 g. per liter).— Tr.mster 65 g. of (NH4 )q 
W o;Og4*4Hi.O to a 1-liicr beaker and add 40 ml. of NH^OH. Add GOO ml. of 
water and 100 g. of (NH^)2S0^,=» stir, and heat gently until in solution. Filter, 
without w.'ishing, dilute to I liter with water, and mix well. 

(c) Hydrobromic Acid (48%). 

(d) Potassium Permanganate Solution (25 g. per liter). 

(e) Ammonium Molybdate Solution (Acidic). 

(f) For descriptions of other rcagciiis required, see reagents for determining 
phosphorus in ferrosilicon. 

Procedure.— (a) Transfer 2 g. of the sample to a 200-ml. platinum dish, cover, 
and cautiously dissolve in 50 ml. of HNO3 (1:2). \Vhen the reaction has subsided, 
wash down the cover and dish, and remove the cover. Add 3 to 5 ml. of HF, and 
digest for about 5 min, 

(b) Add 25 ml. of HCIO^ (70%), place on a tri.uiglc or sand bath, and cv.iporaie 
to fumes of HCIO4. This evaporation must be conducted with caic, as most of 
the vanadium separates as VgOg, and the mixture has a tendency to bump. Con- 
tinue the gentle fuming for 5 to 10 roin. to lewovc most of the HNO3 and HF, 
and cool,2o 

28 In this ammonium molybdate solution (NHi)2S04 replaces the usual NH^NOs- 

29 Care should be taken that not more than 5 ml. of HCIO4 is expelled; otherwise, add 
an additional 5 to 10 ml. of HCIO4 before proceeding. Too great a loss of HCIO4 may 
result in little if any of ihe phosphorus being precipitated later upon dm addition of 
ammonium molybdate. 
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warm to 50' to OO'C., and add 25 mL of BaCl.j (100 g. per liter). Stir well and let 
stand at room temperature for 2-1 to -lO hr. 

(c) Filter, with as little transfer of the precipitate as possible, through a close- 
texture paper. ^Vasll the paper 2 or 3 times sviih cold HCl (1:09) and 7 times with 
warm water. 

(d) Igiiite the paj>er and contents in a platinum crucible. Dissolve tltc ignited 
residue with 5 ml. of HCl, and transfer the solution to the original beaker con- 
taining most of tlic precipitate of BaSO^ (Paragraph (c)). Digest the combined 
portions of BaSO^ so as to dissolve any barium vajjadaic. Adjust the volume of 
the solution to 150 ml., and the acidity to 2% by volume of HCl. Add 8 ml. of 
BaCU (100 g. per liter), and allow to stand for 21 hr. Filter on a close-texture 
paper and wash 3 times with cold HCl (1:99) and 10 times with warm watcr.’^ 

(e) Ignite in platinum, cool in a desiccator, and weigh as BaSO^. 

(f) Blank.— iMakc a blank determination, following the same procedure and us- 
ing the same amounts of all reagents. 

(g) Calculation.— Calculate Ute percentage of sulfur as follows: 


where A 
B 
C 


Sulfur, per cent 


(A - I))X 0.1374 
C 


X 100 


grams of BaSOi, 

correction for blank, in grams and 
grams of sample used. 


SILICON BY THE NITRIC-SULFURIC ACID METHOD 

ReageiUj. Nitric-Sulfuric Acid Mixture.— Slowly stir ICO ml. of H;,.SO.i into C60 
ml. of water, ai\d add 180 ml. of HNO..|. 

Procedure. I. Low. or Medium-Silicon Ferrovanadium.—(a) Dissolve 1 to 2 g. of 
the sample in 40 ml. of the mixture iit a 250-ml. porcelain or plati- 

num dish, and evaporate the solution to dense white fumes. 

(6) Cool the solution, add 125 ml. of water, and heat for a few mimtles, while 
stirring frequently, until all salts arc dissolved. Immediately niter on a 9-cm. paper. 
YJasb vVie preciphaie wnh hot HCl (5:^5) and cold water alternately to complete 
the removal of iron sails, and nnally wash with hot water until free of acid. 

(c) Trajisfer the filter paper and contents to a platinum crucible, char the paper 
without flaming, and finally Ignite the covered crucible over a blast lamp or in a 
muffle furnace at 1100® to 1I50*C. to constant weight. Cool in a desiccator and 
weigh. 

((/) Add sufficient H^SO^ (1:1) to moisten the SiO., and then a small amount of 
HF. Evaporate to dryness, ignite at 1000®C., and weigh. The loss in weight repre- 
sents SiOo. 

(e) Calculation.— Calculate the percentage of silicon as follows: 


lion to dryness, fuse with Na.^C 03 , aud add the water extract of tlic melt to the main 
solution. 

31 If desired, tlte washings may be kept separ.ilc and examined for flaS 04 as follows: 
evapoiale the washings to dryness; dissolve the slight lesldue in 50 ml. of hot HCl (2;98); 
add 2 ml. of BaClo (100 g. per 1.); and digest at 70* to 80®C. for 2 hr., a\oiding any un- 
due evaporation; filter on a small close-texture paper; wash 3 times with cold HCl (1:99), 
and 10 limes with warm water. The recovery of BaS 04 that is ordinarily obtained repre- 
sents approximately 0.001 to 0.002% of sulfur. 
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Silicon, per cent 


.1 X 0.4672 , 


B 


X 100 


’ Hie/i-Silicoii Perrmmadhan.-i/t) K-trovanailium cou(^ihiiii); 1% ur nioi 
silicon U not completely soluble it, 11X0,, anti tb-SO,. It, this case, ihurottshly 


iplctcly 


where .4 = grains of SiO;, and 

B - grams of sample used. 

or more of 
mi.x 

7 g”of the sample witli's g. of dry and fuse in a lUI-ml. iron inuahle. .\fter 

th7 contents of the crucible have melted, continue healing for :3 nun. longer at .» 
dull red heat to ensure complete decomposition of the sample. Allow the fusion 
to solidify, but before it has entirely cooled, tap the covered trucdile on an non 
plate, which will loosen the contents in a solid cake, 1 r.insfer the melt to a diy 
250-ml. porcelain casserole, and add iunnetliately. wilii caution. HU mi, of 
(1:1). Rinse the crucible with warm water, and cautiously add the solution to the 
covered casserole. Remove the cover and rinse it with water and then csapor.ite 
to dense white fumes, 

{b) Complete the determination in accordance with I'aragraphs (b) to (c) above. 

.ALUMINUM liY THE CURFERRON-IM lOSlM l.\ FE .ME FIiOl) 

Reagents, (a) Potassium Permaugauaie .Solution (25 g. per liter). 

(b) Cupferrou Solution (60 g. per liter).— Dissolve 6 g. of cupfeiion in HO ml. 
of cold water, dilute to 100 mb, and (ilier. Prepare Iresh as needed. 

(c) Cupferrou Wash Solution.— Dilute 20 ml. of luplerum solution (60 g, per 
liter) to 1 liter with cold ILSO, (LO). 

(d) Perchloric .Acid (7096). 

(e) Bromcresol Puqile Indicator Solution (0.1 g. per liter). -Dissolve 0.1 g. of 
bromcresol purple in 1.85 ml. of O.IUOO A' NaOH solution and dilute witli water to 
250 ml. 

(f) Ammonium .Acetate Solution (200 g. per liter). 

(g) Methyl Red Indicator Solution (0.4 g. per Htcr).-Dissolve 0.1 g, of meiliyl red 
in 3.72 ml. of 0,1000 N NaOH solution and dilute to 250 ml. with water. Filler 
if necessary. 

Procedure.-{a) Decompose 1 g. of the sample with GO ml. of II.AO, (1:2) and 
10 ml. of HNO.,. If an insoluble residue remains, add 2 m 3 ml. of IlF. .diet tiatis- 
ferring to platinum. Heat to dense while fumes, tool somewhat, add water, and 
heat until salts are dissolved. Add KMnO, (25 g. per liter) to the hot salmlon. 
until a pink color persists. Dilute to 100 ml. and cool to o'* to 10“C. in ice water. 
Add a large amount of aslilccss paper pulp, and precipitate the iion and vanadium 
by adding cupferrou (60 g. per liter) until an excess of reagent is sliown bv the 
appearance of a wliite curdy precipitate instead of the brown one fust fo/med 
Stir vigorously for 2 to 3 min., and filter on 2 superimposed i bcm.. im dium-texturc 
filter papers (containing some asldcss paper pulp) supported on ;i liiidnier funnel 
using moderate suaion. Wash thoroughly with cupferrou wash sohuioii. 

{b) In the analysis of alloys of high alumimiiii content, or for verv accurue work 
return the cupferrou precipitate to the original beaker and add !() ml of H ’ 

60 ml, of HNO n„d 5 ml. of HCIO, (70%). Evttpomto slotvl • to tlm L t ,0 

fumes to completely destroy all organic matter. .Add more UNO,, if riecesy.i v nu) 
repeat the evaporation to dense white fumes. Cool, add 10() ‘,,1 of u-'-.i . ‘ 
cligest utttil all sal,, aro it, solutiott. Cool to 5- to lO^C),, a.l!l 'c:;! Slt^O 
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(25 g. per liter), and repeat the prccipiiaiioii with cupferron, the fiiiraiion, and die 
wasliing. 

(c) To the filtrate, or filtrates and wasliings, add 75 nil. of HNO^ and 10 ml. of 
HCIO4 (70%). Evaporate until fumes of HCIO^ appear or until all organic matter 
is destroyed. The HiNO^ must alwa>s be added before evaporation to fumes of 
HCIO4, as specified. Dilute the cold solution to 100 ml., add 10 g. of NILCl and a 
few drops of bromcrcsol purple indicator, and add Nil, OH (1:1) until the solu- 
tion just turns purple. Boil the solution for 1 min. Allow the precipitate to 
settle, filler, and wash with warm NILCl (20 g. per liter). 

(d) Dissolve the precipitate in 50 nil. of hot HCl (1:3) and wash the paper well 
w’iih hot water. Repeat the piecipiiaiion with NH^OH (1:1) and filler as d^ 
scribed in Paragraph (c). DissoUe the precipitate oil the paper with 50 ml. of 
hot HCl (1 :3), and wash tire filter with hot water. 

(e) To the filtrate add 0.5 g. of (NH,)j.HPO,, a little ashless paper pulp and 
2 drops of methyl red indicator, and make just ammoniacal. Restore the pink 
color by adding HCl (1:10) drop by drop. Heat the solution to boiling, and add 
20 ml. of ammonium acetate (200 g. per liter). Continue the boiling for 5 min., 
let settle (I to 2 hr. if the amount of aluminum is very small), and filter tlirough 
a 9-cm. paper Wash with hot NH,NO;, (50 g. per liter) until 5 ml. of live wash- 
ings no longer give a test for chlorides with an acidified solution of AgN'O.,. 

(/) Ignite in platinum or porcelain under good oxidizing conditions until car- 
bon is gone. Cover, and heat at about 1000*C. to const.-int weight. Weigh as 
AlPO,. 

(g) BIank.»Makc a blank dctcrniiiiatioii, following Uic same procedure and 
using the same amounts of all rc.agciits. 

(h) Calculation.— Calculate the percentage of aluminum as follows: 

... M - fl) X 0.221 

Aluminum, per cent ^ ■ X 100 

where A = grams 0/ AlPO<, 

B =* correction for blank, in grams, and 
C = grams of sample used. 

FERROTUNGSTEN AND TUNGSTEN :\IETAL 

TUNGSTEN BY THE ACID DIGESTJON-CINCHONINE METHOD 

Reagents, (a) Cinchonine Solution (125 g. per liter).— Dissolve 125 g. of cin- 
chonine in 1 liter of HCl (1:1), and filter. 

(b) Alpha-Benzoinoxime, Acetone Solution (50 g. per liter).— Dissolve 5 g. of 
alpha-benzoinoxirae in 95 ml. of acetone and 5 ml. of cold water. Filter if necessary. 
Keep in a dark-colored bottle in a cool place, and do not use when more tiian 
5 days old. 

(c) Cinchonine-Benzoinoxime Wash Solution.— Dilute a mixture of 30 ml. of 
cinchonine solution (Paragraph (a)) and 5 ml. of alpha-benzoinoxinie solution 
(Paragraph (5)) to 1 liter with water. 

Procedure.^(a) Transfer 1 g. of Uie sample to a 60-ml. covered platinum crucible, 
or preferably a large dish, add 5 ml. of HF, and then add HNO^ drop by drop, 
while heating, until the sample is dissolved. Remove die cover and rinse it widi 
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water. Add 15 ml. of HoSO.i (1:1). and heat cautiously on a sand bath to dense 

white fumes. . , . , r . n,. 

(b) Allow to cool, and transfer the residue to a DOO-ml. beaker wnh water, bna 

wipe the dish with a piece of ashlcss filter paper anti add the paper to the solmtun. 
Rinse the crucible or dish with a little warm NH,,OII (1:1). some 
a few milliliters of hot HCl (1:1). Repeat the treatment with Nn,Ol (1.1). 
water and HCl (1:1), and add the rinsin}>s to the GOO-ml. beaker. Ddute the ton- 
tents of the beaker to about 1 .'jU ml. with water, add ID nd. of llCi. and boil ioi 
5 min. Remove from the source of heat and dilute to 150 ml. widi waui. .\dd 
10 ml. of cinchonine solution anti some ashlcss paper pulp, anil, while stiiiim.; 
occasionally, digest the solution at lO' to la'C. for M) to -15 min., or pufetaidv 
.erniuht. Add 5 ml. of the acetone solution of alpha-ben/oint)sime (.hi pei 


ov 


liter), stir vigorously for several minutes, anti idler on an ll-cm. p.ipti toiii.iininv' 
a little ashless paper pulp. Wash thoroughly with told cin(.honine beii/«nno\imr 
wash solution, and finally several times with cold MCI (1:'.)!J). 

(c) Gently ignite the paper and residue in a weighetl jrlaiimim tiucible until 

the carbon is consumed, .Add a few drops of 11X0 ^, and thy on a water or vuul 
bath. Ignite the crucible anti for 110 tnin. at about 75b d. (to const.nu 

weight), cool, and weigh. Ignitions should be matle at about 75b^C. in an clettric 
muffle furnace. As WO^ is slowly but steatlily vrd.itili/etl at tempetaitucs inutb 
above 750“C., serious error may result if this temper.iture is not stn'itly adheretl 
to as a maximum. 

(d) Add about 5 g. of NaXO;; to the residue atul mix thoroughly. Cover with 
atv additional 1 or 2 g. of X’aX 03 and fuse, running the fusion around the sitles 
of the crucible or tlish to remove all WO.,. Dissolve the ftision in hot water, .uhl 
a little alcohol, heat, and filter. Thoroughly wash the crucible and ivsitlue with 
hot water, and reserve the filtrate. 

(e) Place the residue and paper in the crucible ami ignite; .idd ;t little 

and fuse again. Dissolve the fusion in water, arid a little alcohol, and filter and 
wash thoroughly with hot water to remove the last traces of NaTXX,. Combine 
the filtrate witli the filtrate obtained as describetl in Paragrap!t*(</) amt rta,ei\e 
the combined filtrates.^- 

(/) Transfer the residue ami paper to a weigheil [rlatimnu crucible, and ignite. 
Add 1 or 2 diops of I'RSO, and 0.;) ml. of HI-, evajjorate to dryness, and ignite 
again. Cool and weigh. 

(g) Determine the amount of itisolublc residue in the same weight of Na..c;0., 

as was used with the sample (Paragraphs (d) and (e)). following the same'prJ- 
cedure. * 

(h) Calculation.— Calculate the percenuige of tungsten as follows: 

the alloy contains niolylrdciuuu. the weigiicd umgsiic oxide mav com dn i few 

H c/itreme aiuma doUed. Viw 


RcfcrcncJ should be mado'io ‘m, Tvl"' l"“' 

metric method described in Chapter 21 "Stand nd \Ietht)d "r r-! ' ^ photo- 

33 At best, direct determinations of um<'sien in liii,), . , , 

hereni errors. Accuracy within 0.2% is all that catt lie ixpJcted bfany'^l-th^^ 
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Tungsten, per cent 


\A - (g ~ C)] X 0.793 
D 


X 100 


where A = grams of impure WOj (Paragraph (r)), 

B — grams of insoluble residue from Aision with Na2C03 (Paragraph (/)), 

C = correction, in grams, for insoluble residue in NajCOj (Paragraph (^?)), and 
D = grams of sample used. 

TOTAL carbon BY THE DIRECT-COMBUSTION METHOD 

Procedure.— Determine carbon by the dircci-combusiioa method (p. 765), wiUi tlie 
following modification; use 1.5 to 2 g. of the sample. 

MANGANESE BY THE PERSULFATE-ARSENITE METHOD 

Apparatus. Apparatus for Poicntiometric Titration. 

Reagents, (a) Phosphoric Acid (85%). 

(b) Siher Nitrate Solution (8 g. per liter). 

(c) Ammonium Persulfate Solution (250 g. per liter). 

(d) Mixed Acids.— Add 100 nil. of HjjSOj to 525 ml. of water slowly and with 
stirring, cool, and add 125 ml. of HaPCTi (85%) and 250 ml. of HNO3. 

(e) Standard Potassium Permanganate Solution (0.05 iV). 

(f) Sulfurous Acid (6%). 

(g) Standard Sodium Arsciute Solution (I ml. = 0.0002 g. Mn).— Standardize as 
follows: dissohe 1 g. of electrolytic or opcn-hcnrth iron of a known, low manga- 
nese content in 30 ml. of the acid mixture; heat until solution is complete, and 
boil to expel brown fumes; dilute to 100 ml. with hot water; add 20 ml. of 0.03 .V 
KMnO^: and dien add just enough H-iiOs (6%) to reduce the KMnO^; boil again to 
e.Kpel brown fumes; add 10 ml. of AgNOj (8 g. per liter) and 15 ml. of (NH^)mS 20^ 
(250 g. per liter); heat to boiling, boil briskly for 1 min., and cool to 15* to 20*C. 
Complete the standardization in accordance with the procedure described in Para- 
graphs (b) and (rf) or (6) and (e) below. 

Procedure.— ia) Transfer 1 g. of the sample to a 100-mI. platinum dish provided 
with a platinum cover. Add 5 ml. of HF, .and then add HNO3 drop by drop until 
the alloy is dissohed. Remo%e the cover and rinse with a little water. Add 5 ml. 
of HoSO^ and evaporate to dense white fumes. Cool, and add 50 ml. of water. 
Heat at 80* to 90"C. for 15 min., while stirring occasionally, and filter into a 
300-ml. Erlenmeyer flask. Wash the filter and tungstic acid well with H^SO^ (1:99). 
The total volume should be approximately 125 mi. 

(b) Add 3 ml. of H3PO4 (85%), 10 ml. of AgNOg (8 g. per liter), and 15 ml. 
of (NH4)2S,08 (250 g. per liter). Heat to boiling, and boil briskly for 1 min. 
Cool to 15® to 20®C., and dilute to 300 ml. with cold water. 

(c) Titrate the solution in accordance witli Paragraph (d) or (e). 

(d) Visu.ll Titration.— Titrate rapidly wiilt sodium arsenite (I m. = 0.0002 g. 
Mn) to a clear yellow end point tliat does not change upon the addition of more 
arsenite. If the solution is not titrated rapidly with arsenite, part of the manga- 
nese may be reoxidized by the (NH4)2S208 during the titration and thus yield 
high results. 

(e) Potentiometric Titration.— Titrate rapidly with sodium arsenite (1 ml. = 
0.0002 g. Mil). To titrate, bring Uie needle (or light-beam) on the scale, and then 

3 * National Bureau of Standards standard sample No. 55 of ingot iion is satisfactory for 
this purpose. 
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ndtl the sodium arsenite solution. As the cud point is approacited (rapui fading 
of he pink color) the indicator will remain stationary, or nunc very slouh L ) - 
tinue tlm mldiaon of the arsettite drop by drop u.tlil a sharp break of fot.t to hre 

scale divisions is obtained. ..... 

(f) Calculution.-Calculate the percentage of manganese as folio . 

Manganc'Se*, per cent — ~ X 100 


where A = milliliters of .sodium arsenite sohiiimi retjuiicd to liirau* the s.nnple, 

B = manganese equivalent of the sodium ar.wnite- suhitiun, in grams per uuihhter 

and 

C = grams of sample used. 


PHOSPHORUS 


]\\ THE l AR rR.VrEMAC‘.NESlA-.\l.K.\LIME ! RIC 
MEEHOI) 


Alilmrutiis. (a) Platinum Dish.-A flat-bottom dish .shall lie tiscil, having tlie 
following dimension.sr S cm. in diameter at lite top, 7.S tm. in diamctei .it the 
bottom, and 1 cm. in lieight. 'Ihe dish, having a capacity of l/'j ml. and weigh- 
ing 58 to <30 g., shall have a wire rim at the top to piovitle additional stiilttevs. 
The cover .shall be ■‘dished" like a citicible cover to lit the top of the ilisli cloudy. 
'I'he dish shall have a small lip to aid in pouring, and the tongue ol the ttiver 
shall overlap the lip. Ordinary rotind-bottom tlishes m.iy be tised, but in stub 
cases the manipulatioti is much more diHicult. 

(b) Shaking Machine.— Any ellicicni shaking machine may he used. 

Reagents, (a) Potassium PeiJtuingatiaie Suhuiuu (‘25 g. per Uteri. 

(b) Ammonium Molybdate Solution (.\cidtc).-.S'o/u<io;j A'</. /.—.Mix tltoroughly 
100 g. of molybdic acid .\IoO.,) and ‘210 ml. of w.ucr. .\ihl !KI jul. of 

NH.,OH, while stirring vigorously. When solution is complete, hlter, amf add 
60 ml, of HNO;,. 

Solution No. 2.— Mix dOO mi. of UNO;, ami !)(i() ml. of water. 

When the solutions arc cool, add .Solniion No. 1 to .Solution .No. 2. while 
stirring constantly. Add 0.1 g. of {NlI.i)._.HPO,. and allow the suliuiuu to st.md 
at least 2*1 hr. before using. Use only the clear supernatant sulntioti. 

Procedure.-{a) Transfer 2 g. of the .sample to a llat-bottotn platinum tlislv>»^ 
fitted with a platinum cover, and add 15 ml. of UNO.,; then vidd '.5 ml. of HP 
and warm gently.^'" ^Vllcn action sub.sides, add .1 ml. more of HP. .After action 
subsides, boil, remove tlie cover, and if decompcjsition is not complete, add more 
HF and boil again. When solution is complete, wash olf tfte cover and evaporate 
at a low heat to a volume of about iO ml. Add lU to 12 drops of K.MnO (25 g. 


35 When ordinary round-houmii dishes are u.sed, ilieie is a gic.iter teudeiuv to sp uu-i. 
mg and danger of local baking or ovcrlicaiing. in evaporating to dense uliit'e fumes. If 
the Separated ^VO;^ is oveilieaied locally, it doe.s not dissolve ceadilv in NHiOll. In Hit. 
bottom T'v'ad in a thin la)er and beat is applied evenh over tlu; 

3ui.or the initial treatment the HNO;, is added before the HP. and in lar-cr monor- 
t.ons, in order to provide a constant e.xccss of HNOa to o.vidi/e plmsphoiu.s. tL n,«. 
cedme given takes a ittlc longer than when the sample is iieaied with HP liisi nul 
HNO;, IS added a little at a tune, but the solution is linallv complete k is neresvnv 
to keep the platinum dish covered after action begins, as die reaction is .somewbai violent 
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per liter), and continue the evaporation until crusts o£ WO3 begin to form at 
Uie edges, tliat is, to a volume of about 6 ml. Add 10 ml. of I-LSO^, and evap- 
orate at a low heat to dense white fumes. (Strong Iteai causes spattering and also 
causes hard, over-baked crusts, which resist subsequent treatment, to form on the 
bottom of the dish. 

(6) Cool, add 25 ml. of water, and boil (by agitating over a Bunsen flame) until 
all soluble salts have dissolved. Discharge the pink color, due to excess KMnO^, 
by adding HoSO., drop by drop. The pink color may not be very evident, but 
the H.,SO.i shall be a(Idcd, even so, to reduce higher oxides of manganese. Boil 
for a minute or two after adding the HjjSO^. Add 2 g. of tartaric acid and, 
when this is dissolved and the solution is cooled to a temperature of about 50”C., 
add 40 ml. of NH4OH (1:1). The prccipiuitcd tungstic acid should dissolve com- 
pletely, giving a clear solution. 

(c) The solution becomes hot from the reaction between H0SO4 and NH4OH. 
While it is still hot, add -1 g. of MgS04-7H^0 dissolved in 10 ml. of water, and 
transfer it from the platinum dish to .a G-oz. glass-stoppered bottle. Set the bottle 
in ICC water, and when it is thoroughly coolctl. add •! or 5 glass beads about 6 
mm. in diameter. Stopper it tightly, and sliakc in a shaking machine for at least 
10 min. The agitation should be violent. The beads aid in starting the forma- 
tion of the magnesium precipitate. After agitation, add 15 ml. of NH4OH, re- 
turn Uie bottle to the icc-waicr tank, and put into a refrigerator overnight. Phos- 
phorus separates as magncsium-ammoitUtm phospliaie, free from tungsten, but pos- 
sibly containing basic magnesium compounds. Filter through a 0-cm. paper con- 
taining a little ashlcss paper pulp, and wash tlic bottle and paper ihorouglily with 
small portions of NH4OH (1:20). Do not attempt to remove all the piccipitate 
from the bottle, but remove the beads to the filter. The precipitate consists of 
magnesiumammonium phosphate and arsenate, together wiilt silica and other im- 
purities. Tin, tungsten, molybdenum, vanadium, and titanium remain in solution 
and are thus eliminated. 

(d) Dissolve the m.vgucsium ptccipiiaic with 10 ml. of HNO3 (1:5) and collect 
the filtrate in a 300-ml. Erlenmcycr flask. Wash with hot water. Add 5 g. of 
NH4NO3 to the filtrate, cool to 25'’C., and add CO ml. of ammonium molybdate 
solution. Shake, filter, and complete the determination in accordance with Para- 
graphs (d) to (g) of the perchloric acid-alkalimclric method for phosphorus, p. 766 
above. 

SULFUR BY THE NITRIC-HYDROFLUORIC ACID-GRAVIMETRIC 
METHOD 

Reagents, (a) Perchloric Acid (70%), 

(b) Cinchonine Solution (125 g. per liter).— Dissolve 125 g. of cinclionine in I 
liter of HCl (1:1), and filter. 

3 T Potassium permanganate solution is added to ensure complete oxidation of phos- 
phorus, as in steel anal)sis. The color of the permanganate gradually fades in_ the HF- 
HNO 3 solution, but after evaporating to fumes and adding water, the soliuioii is usually 
slightly pink. 

38 The amount of taitaiic acid is limited to 2 g., since ammonium tartmte retards the 
formation of the magnesia precipitate. Complete precipitation can be obtained^ only by 
brisk agitation and by keeping the solution very cold, followed by long standing m a 
cold place. 
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a free flame or in a muffle furnace. The fuMOii is best made over a gas flame at a 
low lempcraiurc until the mass has melted down quietly, when the temperature 
shall be increased to approximately 900*C. for about 3 min, Give the crucible a 
rotary motion to stir up any unattacked particles of alloy adhering to the bottom 
or sides. ; 

{b) When the crucible has partly cooletl. and with tlie coser on tight, tap it 
several times on an Iron plate to loosen the fusion in a solid cake. Transfer the 
cake to a dry 30(hml. porcelain rassctolc of good glaze, or preferably a Luge plati- 
num dish. Cover, and add 80 ml. of H^SO^ (1:1). 5 ml. of H 3 pO^ (85%),*“ and 10 
ml. of HClOj (70%)- Einse the crucibfc witli a little hot water, and add the rins- 
ings to the casserole. Stir the solution well, and boil gently until the temperature 
iiicreascs to 195”C. Continue the heating at this tcmpcTaturc for 5 min. A 
thermometer may be suspended just below the surface of the licpiid in the Hp of 
the platinum disli or casserole. At the tempenture specified, fumes of HCIO^ will 
be freely evolved. 

(c) Allow the mass to cool somewhat, and add 20D ml. of warm tartaric acid (80 
g. per liter). Heat at a tein[)craturc of 60* to 70‘’C.. while stirring occasionally, 
until all ferric sulfate has dissolved. Filter, using moderate suction, on an 11-cm, 
paper containing some ashless paper pulp, and wash thoroughly with tartaric acid 
(50 g. per liter). 

(r/) Ignite in pl.uinum. first at a low temper.uurc and finally at 1100* to llaO'C. 
for 30 min. Cool in a desiccator and weigh. 

(e) Add several drops of H...S 04 anti J or 2 ml. of HK, .ind heat until white fumes 
are no longer evolved. Ignite at 800*C. for 10 min., cool, and weigh. The loss in 
weiglit represents SiO^. 

(e) Blank.— Make a blank determination, using the same apparatus and procedure 
and the same amounts of ail reagents. 

(f) Calculation.— Calculate the percentage of silicon as follows: 


Silicon, per cent 


(A - Z?) X 0.4672 
C 


X 100 


where A — grams of Si 02 , 

B = correction for blank, in grams, and 
C — grams ol sample used. 


THE SODIUM HYDROXIDE TITRATION (VOLUMETRIC) METHOD 

Reagents, (a) Nitric Acid Solution of Potassium Nitrate (Saturated).— Saturate 
HNO 3 wiUi KNO 3 , 20*C. 

(b) Aqueous Solution of PoMssium Nitrate (Saturated).— Saturate water with 
KNO 3 . at 20*C. 

(c) Phenolphthalein Indicator Solution (10 g. jicr liter). 

(d) Standard Sodium H)droxide Solution (O.IO N). 

Procedure.— (a) Transfer I g. of the sample to a 300-nil. platinum disli; add 30 ml. 
of HNO 3 saturated with KNO 3 and 5 ml. of HF, Heat gently untihdissolution is 
complete and fumes have ceased to evolve. Remove from the heat and cool the dish 
and contents to 15“ to 20“C. in ice water. 

(b) Prepare a filter using an Il-cm., ashless, rapid paper, reinforced with a 5.5- 

39 The fuimion of the H3PO4 is to Ivold twost of the tungsten in soliuiou, and tliu' 
to effect Us scpaiatioii from ifie vilita. riiiiiiiig with HCIO4, as specified, will break up 
Jiiv soluble silicouhusuhotit>i(r<uar<* 
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(c) Cool, and transfer to the 500-mI. distillation flask (Fig. 25-2). Add 200 ml. of 
HCl, 20 g. of FeSO^, 10 ml. of HUr (*18%), and several pea-size pieces of coke, and 
connect the stopper carrying the trap and delivery tube shown.*^ The outlet of 
the deli\ery tube should dip about 1 in. below the surface of 200 ml. of cold water 

contained in an SOO-ml. beaker. Heat 



the solution in the 500-m!. flask to boil- 
ing aitd continue to boil until approxi- 
mately 200 ml. have been distilled oser 
(which generally coincides with the 
beginning of objectionable bumping). 
Kcmo\(^ the distillate. 

(<i) Ily the procedure described in 
Paragraphs (a) to (c), the arsenic is 
separated from any other elements 
likely to interfere with the method. To 
the distillate containing the arsenic in 
the form of arsenious chloride. AsC^. 
•idd a slight excess of NH4OH, using 
litmus paper as indicator, and keeping 
the solution cool. Add suificicnt HCl 
(1:1) to render the solution slightly 
.(cid. Then add to the cold, slightly 
acid solution 15 g. of NnHCOg, 0.3 g. 
of KI, and scscml tnillilitcrs of starch 
solution (10 g. per liter) and titrate 
with 0.03 N iodine to the appearance 
of ii>c blue color. If desired, 0.03 N 
K10,.( may be used for the titration in 
place of ilie 0.03 N iodine solution, 
adding 2 to S g. of KI instead of 0.3 g. 


before the titration. 

(e) Blank.— Make a blank dctcnniiiation. following the same procedure and 
using the same amounts of all reagents. 

(f) Calculation.— Calculate the percentage of arsenic as follows: 


Arsenic, per cent 


(/I - B)C X 0.0375 
D 


X 100 


where A — milliliters of iodine solution required for titration of the sample, 
B = milliliters of iodine solution required for titration of the blank, 

C = normality of the iodine solution, and 
D = grams of sample used. 


COPPER 

Reagents, (a) Tartaric Acid Wash Solution.— Dissolve 10 g. of tartaric acid in 
I liter of H2SO4 (1:99) and saturate wiilr H^S. 

(b) Potassium Hydroxide-Potassium Sulfide Solution.— Saturate 250 ml. of KOH 
(100 g. per liter) with H2S and then add 750 ml. of KOH (100 g. per liter). 

“Any rubber connextions in the apparatus used should be made from "sulfur-free” 
rubber as sulfur would be extracted from ordinary rubber and would pass into the dis- 
tillate as H2S, Atfhich would react with the iodine and cause high results. 
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(c) Potassium Hyilroxule-Potassium Sulfide \Vash Solutiou.'-Diliite 100 ml. of 
KOH-KmS solution to 1 liter. 

(d) Acetic Acid (99.5^6). 

(e) Potassium Iodide Solution (900 g. per liter). 

(f) Standard Sodium Thiosulfate Solution (I ml. - 0.0005 g. Cu, approximately 
0.008 A’).— .-Vllow to stand several days before siandardi/ing. lo sianiiaHtire, div 
solve 0.5 g. of copper in 10 ml. of IINT)., and dilute to 500 ml. 1 .ikc J.5 ml. of 
this solution, withdrawn by me.ms of a lalibiateil pipet, and titrate as desciibed 
in Paragraph (h) below. 

(g) Starch Solution (10 g. per liter).— .Make a [la.stc of 1 g. of solulilc (or arrow- 
root) starch in alrout 5 mi. of water and adtl to 100 ml. of boiling w'.iter. C.iiul, 
add 5 g. of Kl, and stir until the KI is tlissolved. Piepare flesh as needed, 

Procedurc.-{(t) 'IVansfer 5 g. of the sample to a .‘fOO-ml. platinum tlish provitled 
with a platinum cover, and add 50 ml. of Atid UK. a little at a time, with 

occasional lieating, until the alloy is disstrlved. Rinse the cover with water, and 
evaporate to apjiroxiinately 25 ml. .-Vdd 95 ml. of ll.^Sflj, anti continue the evapo- 
ration to dense while fumes. Cmol, and transfer to a liOO-nd. Ijeakcr. Rinse the 
dish successively with hot NMjOfl (1:1), 5 ml. of hot water, 5 ml, of hot 
(1:1). anti finally with 10 ml. of hot water. Dilute with w.iier to 10l> ml., add 20 g. 
of tartaric acid and an excess (aiioui 10 ml.) of .\’ffjf>ff, and he.it just short of 
boiling for several minutes. .\dd an exce.vs of 2 ml. of II.,-SO, (1:1) for each 100 ml. 
of solution, and pass a brisk stream of f l^-S into the solution (or at least 90 min. 
Filler on an ll-cin. pajier containing a little ashless paper pulp, ami w.ish thor- 
oughly with tartaric acid wash solution. 

(5) Return the paper and sulfides to the beaker in which the precipitation was 
made, and add 50 ml. of K()f-I-K._,S solution. .Adtl 1 g. of N‘a._.<)^, ami gratluallv 
heat to boiling over a period of 5 min., while .Mining ort.isionally. Dilute with 
an equal volume of water, filter into a lOU-ml, be.iker. anti wash with K.OH-K...S 
Avash solution. Reserve the filtrate for the detennin.iiion of tin ;md antimony 
(described below, on pp. HOU ami 802). 

(c) Wash the CuS precipitate 12 to 15 times with 1I..S wash solutitm and ignite 
in porcelain at a low temperature (520’ to 55t>"C:., preferahly in a imdlle furnace) 
until all carbon is destroyetl. C.’ool and transfer the contents of the taucihle to a 
300-ml. Erlcnmeyer na.sk. .Add 5 to G ml. of UNO.; (1:1) to the ciucihie, ivarm 
gently, and pour upon the residue in the flask. Rinse the ctucihle with a little 
water, and warm the flask and contents until the cojiper oxide is dissolved. Care- 
fully evaporate the .solution to a volume of 2 to 9 nd. in order to expel most of the 
free acid. Then add NH,OH until the .solution just reacts alkaline to litmus. 

(d) Complete the determination hy the electrolytic method (I'anigraphs (e) to (g)) 
or the iodide method (Paragraphs (/i) and (i)). 


Electrolytic iVIcthod. (c) Irausfei the ammoniacal solution (Paragraph (c)) to a 
250-ml. beaker, neutralize with ILSO, (1:1), add an excess of 5 nd. of [I..SO (D l) 
and then add -1 ml. of HNO., (1:1). Dilute the solution to 200 ml. Adjust the 
anode and weighed cathode, cover the beaker with split watch glasses -md elec- 
trolyze at a current density of 0.5 amp, per sq. dm. until the solution becomes 
colorless (about 2 hr.). Rinse the cover glasses and the exposed stems of the elec* 
irotles and sides of the beaker. Continue the electrolysis for 30 miu and test for 
complete deposition (0.3 to 0.5 ml. of the electrolyte should not give .a brown color 
Aviih 0.3 to 0.5 ml. of freshly prepared H.^S water). 
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(/) When deposhion it. complete, continue the turreni and lower the beaker while 
rinsing the cathode with water from a wash boltle.*^ When iJie cathode is free 
from electrolyte, turn o(F the current and dcucli the catliode. Dip it in two suc- 
cessive baths of etltanol or methanol, shake off the excess, and dry in an oven at 
1I0®C. for 3 to 5 min. Cool in a desiccator, and weigh the deposit as metallic 
copper.*® 

(g) Calculation.— Calculate the percentage of copper as follows: 

Copper, per cent “ ^ X 100 

where .1 — grams of copjscr, and 
B = grams of sample used. 

Iodide Method.— (/i) Dilute the solution to -10 ml., add NH^OH in slight excess, 
and boil until the odor of ammonia is \cry faint. Add 1 ml. of acetic acid (99.5%) 
and continue boiling for 1 min. Cool to room temperature, and add 5 ml. of K1 
(300 g. per liter) and 2 ml. of starch solution (10 g. j>cr liter). Titrate the libcraietl 
iodine with Na^SMO^ (1 ml. » 0.0005 g. Cu) to the dis.ippcunincc of die blue color. 

(1) Calculation.-Calculalc the percentage of cojspcr as follows: 

Copper, per cent = X 100 

where d = milliUtcrs of NajS^Oj solution required for titration, 

B *■ copper equivalent of the NajSjOt solution, in grams per milliliter, and 
C = grams of sample used. 

TIN 

Apparatus. Apparatus for Kcduciion of Tin.— WJicn tin is to be reduced to the 
stannous state and determined by titration with standard iodine or iodatc solu- 
tion, air must be excluded during the reduction and titration to prevent oxidation 
oi the stannous tin. Tills is usu.illy accoinplishc-d by keeping die solution under a 
blanket of gaseous COm. It may be accomplished in a variety of ways. One of the 
simplest methods is by nie.'ins of the apparatus shown in Fig, 25-3 in which the 
reduction of the tin solution is made in a flask capped with a rubber stopper con- 
taining an L-shaped siphon tube. When reduction is complete, die end of the 
siphon shall dipped into a saturated solution of N'aHC03 and set aside to cool. 
When cool, die stopper is icinovcd and the solution titrated. 

Reagents, (a) Hydrogen Sulfide Wash Solution.— Saturate HCl (1:99) vviili H^S. 

(b) Hydrogen Sulfide-Oxalic Acid Wash Solution.— Saturate H2SO4 (1:199) with 
H2S and dissolve in the solution a few crystals of oxalic acid for each 100 ml. 

(c) Ferric Sulfate Solution (10 g. per liter). 

(d) Test Lead. 

(e) Starch Solution (10 g. per liter).— This solution shall be freshly prepared as 
needed. 

*2 In work of hi^jh accuracy, iccover traces of copper in the electrolyte by the sulfide- 
colorimetric nielhod. 

*3 Deposits of copper may be removed as follows: immerse the cathode in HNO3 (1:1): 
rinse with natei; boil wilh iresh H^Oj for 5 to 10 min.; and rinse witli waiei; ignite 
strongly for 10 to 25 min. ovei one or two large Mcker burners. 
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(f) stamlarcl Iodine Solution (I ml. - O.OOIJ Sn, approxiinaldy 0-03 .Nf) 
standardise, dissolve 0.02 g. of tin in IICl. and then atluce the tin with leatl and 
titrate with the iodine solution as described in the protcdure below. 1-or the stn.in 
amounts of tin involved, tlie iheoretkal tin etiuivalenl as iiased on standardi/ation 
aeainst arsenious oside may be used. 

(g) Standard Potassium lodate .Solution (1 ml. 0.002 g. .Sn, approNumiiely 
0 03 A’).-To siandardi/e. dissolve 0.02 g. ol tin in llC'd, and then icduce the tin 
with lead and titrate with the RKXj solution as described in the procedure below. 
For the small anuninls of tin involved. 

the theoretical tin etpiivalent as based 
on slaudauli/uiion against sodium oxa- 
late may be used. 

Proccdutc.~{u) Add 11(11 to the ni- 
trate reserved Irom the tleteiminaiion 
of topper until the solution is acid, and 
then adil 1 ml. of MCI in excess per 
100 nd. of solution. Filler and w.tsh 
with 1I._3> wash solution. 

(b) Transfer the paper and sulfides 
to a lOO-ml. beaker, treat with 10 ml. 



of HCl, and add KClKbi, a few crsstals 
at a time, while ivarming the solution 
to 3.')' to lO'C. Dilute to 20t) ml. and 
boil gently to e.spel < hlorine. Add .0 g. 
of oxalic acid, heal to 50- to liVC... and 
pass in a rapid stre.im t.d H.^.S for 20 to 
30 min. Filter, and wash thoroughly 
with Fb.S-oxalic acid wash solution. 

Reserve the filter paper and precipitate for the deieriuin.uion of aiuimonv. 

(c) Add 5 ml. of 1E.S(), to the filtrate, and ev.ipoi.ite to ilensc white fumes. Cool 
somewhat, and dilute with 100 ml. of water, .AtUl 50 ml. of Fe..(.St),)., (K) g. pi-j 
liter) and heat to boiling. Stir vigorously and add .Nil, OH (1;1) until the solution 
is alkaline, and then add 3 to 5 ml. in excess. Let settle, filter, ami wash with hot 
water. 

(d) Dissolve the precipitate in HO ml. of hot HCl (1:1) and wash the filter with 
hot water, collecting the solution (not over 150 ml, in volume) in a 500-ml. Eileii- 
meyer flask. 

(e) Add 1 to 2 g. of test lead and close the flask with a one-hole rubher stopper- 

carrying a bent delivery tube (Fig. 25-3). Boil gently for 20 min. At the end of 
this period immerse tfie enef of tlie delivery tube in a small beaker containin'>^ about 
50 ml. of saturated NaHCO., solution. ^ 

(/) Remove the llask from the liot plate, keeping the delivery tube immersed in 
the NaHCO,, solution, and cool in a stream of cold water. When cool, remove 
the stopper, add 5 ml. of starch solution (10 g. per liter), and titrate with 0.03 V 


iodine to a permanent blue color. If desired, 0.03 xV K.IO., mav be used for the 

titration iti place of the 0.03 xV iodine sohuion, adding 2 Iti 3 >Lof KI bi-fni-,. tU 
titration. '>tioic the 

(g) Blank.-Make a blank determination, following the same procedure and usin- 
the same amounts of all reagents. . “suij. 
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so;} 


(e) Ferric l*li<)sj)haec SoliJtit)ii.—Diij.olvt; 100 g, of Fcm(.S(>,);j »» I Olcr of water 

to whiclj 150 ml. of (85<;0 aiul L'O ml. of IRSO, (1:1) have been achkeh 

Add KMnO^ (25 g. per liter) until the solution is just tinted pink., due to the ex- 
cess of R.MnOj. 

(f) Standard Potassium Permanganate Sohilion (0,1 A'). 

(g) Sodium Thiocyatiate Soluticm (50 g. per liter). 

(h) Stannous Cihloridc Solution. -'rransfer S.aO g. of SnCiL.-'JI h.O to a 50U-mi. 
Erkmneyer flask, add 2tl0 ml. of IK.'l (1:1). ami boil gently tintii solution is pr-tc- 
tically complete. 'Fraiisfer the solution to a 1 -liter bottle, and tlilnte to 1 liter with 
freshly boiled water. .Veld a few pieces of mei.tllic tin, and stopper, 

(i) K-rric Sulfate Solution. —DissoUe Htt g. of Ec.^fSC),) , in I liter of If.AO, (I: I). 

(j) Standard .Molybdenum Solntitm (I ml. 0.UUU.5 g. .Mo). 

(k) Isopropyl Ether.— Sli.ike isopiopsl etbet in a separatory funnel with 100 tub 
of H.AO., (ItO). 10 ml. of Fe^.(St),).. soliuitni (P.uagiaph (t)), 10 ml, of .NaO.N'S (.50 
g. per liter), and lO ml. ol SnCl.^ ‘atlutioti (Pat.igraph (//)). 

Prom/ttre.— («) 'rransfer 0..5 g. of tlie sample to a 150-mI. be.iker, coser. .tdd lO 
nil. of H.Nf)^ (1:S). and w.um to toinjjfeic solmion. ff the s.uttjrlc tliss«>lvcs with 
diiricuity, add a chop or itso cd ffF. Wheti re.ictioii is complete, t.iutiunsly adcf JO 
ml. of H..SO, (!'. li and es.ipor.ite lit dense while fumes. (.'o<)l, .uld 10 nil. of water, 
and warm until all s.ilis hast* ilissofsed. Rinse .iiid temovo the cover. Filter, and 
wash the paper and lesidnc 12 to 1.5 times with fioi w.iter, 5 to 1 times witlt hot 
Nil, OH (I'.S), ami finally I to 5 times with hot water, the washitigs being allowed 
to run into the main liltiaie. Discaid the residue. 

(b) Ckiol the nitrate, adtl NILOH until it is ditiiiuh to avoitl a red lint, .ind he.it 
the slightly acid solution to boiling. Slowly pour tlie solution, wiiile Stirling 
vigorously, Into 7.5 ml, of ne.iily boiling .Nil, 011 (1:5) in a boO-ml. beaker. Rinse 
the Iieakcr that held the liltraie with a little water and then with a little hot 
NH,OH (1:5), and add the rinsings to the main solution. .Add a little p.ipei pulp, 
filter into a GOO-ml. be.iker, and wash the pictipiiatc with hot w.Uer. Set the 
liltnue irsicle. 

(c) Dissolve the precipitate iii .t slight excess of hot H.^SO, (1:1), iieaily neuiiali/c 
with NHjOH, ami pour into NM^OM (1:5) as befoie. Filter into the lesfiscd 
filtrate (Paragraph (5)). Dissolve tlie ptecipitale and repeat the operation. 

{li) Dissolve the prccijiitaie of Fe(()H).( in a slight excess of hot (l.' l), 

wash die filter with hot w.iier, and reserve the filtrate for furtltcr tie.umeiu. 

(c) Add 3 g. of powdered tariraic acid to the combined anuuoniacal filtrates 
(Paragraplj (c)), stir until dissolveti. and saturate the soluiiou witlt H.A. If a pic- 
cipilate appears, filter, and wash with (.\1I,).»S wMsh solution. Warm tlie filtrate, 
cover the beaker, and add f I.„S(), (1:1) until the solution contains 10 ml. of 11. .SO, 
m cxce.ss for each 100 ml. of .solution. Heat the solution just to Iioiling ami let 
stand at the side of a steam bath (about •10'’C.) for 15 miii,. uiuil the precipitate 
has settled. Filter, and wasli thoroughly witli tartaiic acid wasli .solution. Rcseive 
the filtrate. 

(/) Transfer the paper and preciiiitatc (Afo.S.,) to the original fiOO-nd. beaker 
^ar^graph (6)). Place a glass stirring rod in the beaker, cover, and add G ml. of 
HoSCj, and 10 ml. of UNO.,. Caiuiou.sly heat to dense wliiie fumes. Let cool, 
add 5 ml. of FINO.,, again heat to dense white fumes, and repeat the treatment 
■until the yellow color due to organic matter has disappeared. Cool, rinse, and re- 
move tlie cover. Rinse the insicle of the beaker, and add K.MnO, (25 g. per liter) 
very cautiously until a permanent red tint is obtained. .Again evaporate to dense 
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white fumes. Cool, nnd add 75 ml. of water. IJoil for a few minutes, add 2 g. of 
20-mesli zinc, and continue the boiling until any copper has been reduced to the 
metallic form. Filter through a 0-cm. paper and wash with hot water. Add a 
slight excess of KMnO^ (25 g. per liter). 

(g) If the Jones reductor has been standing idle, pass 100 ml. of warm (-lO* to 
50*0.) H-SO^ (5:95) through it and then a little cold water. Discard the wash solu- 
tion. Add ml. of ferric phosphate solution to tlic receiver, and (hen enough 
w.iter so that the tip of the reductor dips well beneath the surface of the solution 
wlien the receptacle is connected with the reductor. Dr.iw the cool (about 20*C.) 
solution of molybdennm. which should be al>out lUO ml. in volume anil contain 
about 5 ml. of H^SO^, through the leducior, while gently swirling the solution in 
the receiving tl.vsV. Just bclotc the surface of the Htjuid reaches the iitic, add 50 
ml. of cold HmSO^ (5:95) and fuially rinse twricc more by adding 59 ml. of water 
each time just before the surface of the solmion le.iches the zinc. Close the stop- 
cock. while a portion of the last washing solution remains in the reductor funnel. 
Disconnect and raise the reductor as a little water is allowed to run through tlic 
stem and rinse the outside of the stem, 'niraic the solution with 0.1 .V K.MnO^. 

(li) Ulank,— Make a blank determination, following (he procedure described in 
Paragniphs («) to (g). 

(i) Boil down the filtrate reserved in accordance with l*aragraj>h (f) to a \oUunc 
of about 75 ml., and combine with the solution icsened in .iccoidanic with Para- 
grnpl) (d). Add 1 to 2 g. of (NH4)jS»0^. I>oil down to a volume of lOU ml., and 
cool to 13”C. Add sulTicient (1:1) to give a solution containing approxi- 

mately 10% HmSO^ by volume. The sodium-molybdenum thiocyanate amber to 
reddish brown color is best developed in a solution containing 10% by 

volume. 

(;) Cool to 2 j*C., and transfer to a 500-mI. separatory funnel. Add 10 ml. of 
NaCNS (50 g. per liter) nnd 10 ml. of SnCk, solution. Stopper nnd shake vigorously 
for several minutes. Add 50 ml. (or more if needed) of isopropyl ether, and shake 
for 1 to 2 min. longer. Allow the extract to separate, draw olf the lower layer, and 
set it aside. Transfer the extract to a 150-ml. Ncsslcr, Julian, or similar colorimeter 
lube. Return the lower acid layer to the separatory funnel and shake again with 
approximately 25 ml. of ether. Should the upper layer have an amber to reddish 
brown color, add it to the solution in the colorimeter tube. 

(A) Prepare a color standard containing approximately the s.imc concentration of 
molybdenum as the sample solution. Transfer 25 ml. of Fc..(S 04 );, solution to a 
250-ml. separatory funnel containing 10 ml. of cold water, and add molybdenum 
solution (i ml. = 0.0005 g. Mo) from a buret. Cool the solution to about 25“C., 
and proceed as described in Paragraph (j). 

(/) Allow both the sample solution and die color siandaril to stand for several 
minutes before comparing. Dilute die darker of the two solutions with isopropyl 
ether, and mix thoroughly until the sample and the standard match e.xaclly. The 
colorimetric determination is limited to solutions containing not more than 0.05 
mg. of molybdenum per milliliter. 

(m) Calculation.— Calculate the percentage of molybdenum as follows: 


Molybdenum per cent 


[(A - B)C X 0.0321 X D , 


Butyl acetate prcpaied in the same manner 
ether, but the- isopropyl ether is preferred. 


may be used instead of the isopropyl 



where .1 = milliliicrs of KMnOt suluiioa reejuired fur lilratiun of the reduced molybde- 
num iolulion (Paragraph (i;)), 

B = milliliicrs of KMnOt solulion required for liiralion of the blank (Paragraph 

' 70 )» 

C - nonnality of the KMnOi solution, 

D - grams of molybdenum delermiticd colorimetricaliy (Paragraph 
E = grams of sample used. 


TOr.AL CARBON BV VIW, DIRIX; iX;OMP.US TION MinOlOD 
I’roccdHre.-Dcierminc caibon by the tlitcct comlmsiion melhtui (p. 7tir»), with 
tile following lUotlilittUioits: (/) use 1.5 to 2 g. of the sample; (2) it is advis.ible to 
use an actelcrator .such as lO-mcsh ingot iron or red Icati,*^ particularly with low- 
carbon alloys. If atceletatvus aie ;ukU:d. a pioper loiieclion for the hhtnk shuuUl 
be obtained: (.»j use a furnace teinpeialiue of I Hlir to 12Ui)'C.: .old (/) because 
of the high sullur maximum, .sjiecial provision must lie maile for the lemov.d of 
oxides of sulfur iu the exit gases. This can he done (l ,t In [i.issing the gases thtough 
platini/ed silic;i gel heated to .5(11) C. am! then thiough a column of ironi/cd asbes- 
tos, or (2) by passing thiough a sitong srrluiion of chiornit ;u.id or K.MnO, and then 
through a desiccant such ;is anhydrous ,\fg(CK>,).^. 


SUl.FUR BV rilF. NI TRIC ACID (iRAVlMETRIC MKl Ifon 

Rcai^ents, (a) Uarium ChUnidc .Solution (100 g. per liter). 

(b) ISarium Chloride W’asli .Solution. "Diiiite 10 ml. of B.iCl.^ (HfO g. per liter) 
to 1 liter will) 1 ICl (I 

(c) rt-lJciuoinoximc, Acetone Solution (50 g. per liter). 

(tl) a-Beiuoinoxime Wash Solution. —Dilute 5 ml. of the acetone solution of n- 
ben/oinoxime to 1 liter wiih told llCt (I ;!*!>). 

Proredurt*.~(<j) t ransfer 2 to 5 g. of the s.unpie to .i 'jUO-ml. i.ivserole. and divsolve 
it in 50 to 75 ml. of Il.NOi. I lie re.nlion is likely to lie very rapid and the acid 
should be adtied cautiously to the covereil cassciole, pieferahly kept cooled by im- 
mersion in ice water. It may be found necessary to add the s.implc in small [joi- 
tions to the cooled acid. 

(5) .Vdd 50 ml. of HC1 and I g. of .N'a.jCO.j :uid evapor.iie to diyness on a .sand or 
steam hath. Add 50 ml. more of IlCl, evapotaie to dryness .igain. and b;ike for 
3() min. at IIU'C. ,\dd 25 to 50 ml. of f ICl and. when solution is complete, dihuc 
with water and filter to remove .Si(J.^, 

(c) Evaporate the filtrate to 15 to 25 ml., to expel most of the free ;icid. and 
dilute to 100 ml. with warm water. Add a lililc paper pulp, (ilier. and wash, hist 
trith HCl (1;!)0), and then with water. 

(d) Dilute the filtrate to 200 ml., add 20 ml. of BaCl._. (100 g. per liter), aticl stir 
vigorously for several minutes, .MU>\v to stand overnight at room lemperaiuie ;ind 
fdter on a close-te.xturc paper. Wash the paper and BaSO, from 18 to 20 times 
with cold liaCL wash .solution. 


pm pose sliuidd first he iieated in an atinosphcie of 
111 - l" P‘’'t.elain dish, wiUi fre(|iieni .stirring, at .500^ to r).50“C. for 15 to 21 

0111 - ! '■ desiccator and tvansferred to a tiglith .stoppered bottle, picfciablv 

he nm.V'i ^ q'^“”d-glas.s .stopper. When red lead is emploved. tlie deierinination should 
ihm „ prumpily in order not to expose the red lead to the alinospheic anv lon-er 

necessary, as it readily absorbs CO.. Irom the air. ' 
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ring constantly. Atld 0.1 g. of {NHiljUrO^. and allow the solution to stand at 
least 24 hr. before using. Use only ilic dear supernatant solution. 

(f) Potassium Nitrate Solution (10 g. per liter).— Dissolve 10 g. of KNOj in water 
and dilute to I liter. 

Procedure. («) Transfer 0.5000 g. ol the sample (all of which shall pass a No. 100 
(149 -m) sieve) to a 100-niI. platinum dish, cover, and add 10 nil. of H^SO^ (1:1), 
5 ml. of HP, and sulfiLieni HN’O^ dropwisc to eifect lUssolution. Remove, rinse 
the cover and sides of the dish, anti evaporate just to dryness on .i sand hath, 

{b) Cool, add 50 ml. of ILSO^ and stir well. Digest and inmsfcr to a 

400-mI. beaker, rinsing the dish with 50 ml. of HCI (1:1) and a little water. .Add 
50 ml. of HCl (1:1). heat until salts are in solution, tool to 20*C., and add a little 
paper pulp followed by a slight excess of cold, freshly {>rcparcd cupferron solution. 

(c) .Stir vveil, then fdter through .i l2..’>-tm.. medium p.iper (to which a little paper 
pulp has been added) into an 80(l-ml. bc.ikcr, amt w.tsh 18 to 20 limes with cold 
cupferron w.ish ydution. Discaul (he piecipiiaie. 

(d) To the rdtrntc add 25 nil. of HNO^ and 10 ml. of HCIO^ (Caution) and 
evaporate to dense white fumes to ensure complete destruction of all organic matter. 
Cool, add 150 ml. of H^O. heat to Imiltng. and filter through a U-cm., medium 
paper into a •lOO-ml. beaker. Wash the paper 10 limes wiili hot water. 

(e) Add 10 g. of NH^CI, 5 drops of bromcrcvol purple, and .N'H^Off (1:1), until 
the color of the solution just changes to purple. Uoil for 1 min., allow the prccipt' 
tiitc to settle, and fdter on an Il-cm.. medium paper to which a iitilc paper pulp 
has been added. Wash 10 times with hot Nil, Cl waslt solution. Wash die pre- 
cipitate and paper pulp back into the beaker, add lOO ml. of HCI (1:0) ami 10 g. 
of NH^Cl, he.it to boiling, and repeat the precipitation with NH,OH, filtering on 
the same paper and washing as before. 

(/) Ignite the precipitate in a platinum crucible, first at a low temperature to 
burn oil the paper, and finally at I)5U*C. to constant weight. Cover die crucible 
when removing from die furnace, cool in a desiccator, and weigh as soon as pos- 
sible as ALO3 plus 

(g) Fuse the ignited piccipitaic with 5 g. ol at HWC. fox 3b min. Div 

solve the cold melt in 50 ml. of wann water and acidify with IlNOj, adding 2 to 
3 ml. in excess. Transfer to a 2o0-ml. Frlcmiicycr flask and add 40 ml. of molyb- 
date solution. Complete the dcterniinatioii for phosphorus as describctl iu I’ara- 
graphs (e) and (/) of the section on phosphorus by the perchloric acid-alkalimetric 
mediod, above. Calculate any phosphorus found to as follows: 

P X 2.295 = P-Os 

(h) Calculation.— Calculate tlic percentage of aluminum as follows*. 


Aluiiunum, per cent — 

where A = grams of AI2O3 plus P2O5, 

B = grams of P2O5, and 
C = grams of sample used. 


(A - B)X 0.5291 
C 


X 100 


SILICON BY THE SULFURIC ACID METHOD 
Principle of Method.—The sample is (used with Na202 in an iron crucible, die 
melt transferred to •• » acidified with H^SO,. The solution is evapo- 
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(c) /Vinmonium Sulfide Wash Solution.— DissoUc 20 g. of NH4CI and 10 g. of 
ammonia tartrate in 500 ml. of water. Add NH|OII 111 slight excess, dilute to I liter, 
and saturate with H.^S. 

(d) Cupferron Solution (60 g. per liter). 

(e) Cupferron IVash Solution.— Dilute 20 ml. of cupferron solution (GO g. per liter) 
to 1 liter sviUi cold HoSO^ (1:9). 

(f) Ammonium pliosjiliaic Solution (160 g. per liter).— DissoUc ICO g. of 
(NH4)^HP04 ill water and dilute to 1 liter. Filter before using. 

(g) iioric Acid Solution (-lO g. per liter).- Dissolve -10 g. of H3BO3 in water 

and dilute to I liter. 

(h) Ammonium Nitrate Solution (50 g. per liter).— Dissolve 50 g. of NII4NO3 in 
w.iicr and dilute to 1 liter. 

(i) Standard Ferrous Ammonium Sulfate Solution (0.2 N).— Dissolve 7.85 g. of 
Fe(NH4)j.(S04)2‘GH;;0 in 500 ml. of told HjjSO^ (5:95). and dilute to 1 liter witli 
H0SO4 (5:95). Standardize using 10 ml. of 0.1 .V KMCr^O-. 

Procedure.— {a) Transfer 0.5000 g. of tlie sample (all of which shall p.is$ a No. 100 
(l-lQ'/i) sieve) to a platinum dish of lOO-ml. c.ipacit)' (or larger). Cover and add 
15 ml. of H2SO4 (T.l). 5 ml. of HF (10 ml. if silicon is over 10%). and suificiciu 
HNO3 dropwisc, to effect dissolution. Kemovc. ami rinse the cover and sides of the 
dish. Evaporate just to dryness on a s.uk1 bath and cool. Add SO ml. of H3SO4 
(1 :■!). stir well, he.it for a few inuittlcs. and iniiisfcr to a iOO-ml. beaker. Heat until 
all sulfates have dissolved, dilute to 200 ml., add 20 ml. of tartaric acid solution, and 
pass in a brisk stream of H^S for at least 20 min. 

(5) If a precipitate forms, fdicr through a 9*ctn., medium paper, conuuning paper 
pulp, into a GUU-inl. beaker. Wash about 20 times with ll.^vS wash solution. To the 
filtrate, or to the clear solution if filtration was unncccssar)'. add paper pulp and 
NH4OH In sliglit excess. Pass a brisk stream of H^S through the solution for at least 
7 min., and filter, as soon as the precipitate settles, through an 1 1-cm., medium p.nper, 
containing paper pulp, into an 800-ml. bc,ikcr. W.ish the paper ami precipitate 
about 20 times with (NH4)oS wash solution. Reserve the paper and precipitate. 

(c) Boil the filtrate for about 10 min.: then aild 25 ml. of HnSO^ (1:1) and boil 
down to 150 ml. Cool to 15* to 20‘’C.: then .idd a little paper pulp and .1 slight 
excess of a cold, freshly prepared solution of cupferron. Stir well, and filter on two 
superimposed I l*cm., medium papers containing a little paper pulp, supported in a 
Buchner funnel, using moder.iie suction. Wash about 20 limes with cold cupfevrou 
wash solution. 

(d) Ignite the paper and precipitate in a weighed platinum dish, first at a low 
temperature to burn off carbonaceous matter, and finally at 1050* to llOO’C. for 20 
min. Cool and weigh as Ti02 plus ZrO., plus V.,0_.,. Fuse the oxides with about 
5 g. of KoSoO^, and dissolve the cold melt in 70 ml. of HnSO^ (1:9). Add 5 ml. of 
HoOo and 25 ml. of filtered (NH4).,HF04 solution, and allow to stand overnight at 
a temperature of 70*C., stirring occnsionally. 

(e) Filter on an 11-cm., medium paper, amtaining paper pulp, wash about 20 
times with HCl (2:98) and finally about 5 times with NH4NO3 solution. Ignite 
in platinum, first at a temperature not over 600*C. until the carbonaceous matter has 
burned off, and finally at 1050* to lIOO'C. to constant weight. Cool and weigli as 
ZrPoO,. Calculate to Zr02 as follows: 


ZrPaO? X 0.4647 = ZrO: 
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ring constantly. Add O.l g. of (NID^Hi’Oj. and allow ihe solniion to stand at 
least 21 hr. before using. Use only the dear supcriiaunt solution. 

(f) Potassium Nitrate Solution (10 g. per liter).— Dissolve 10 g. of KNO3 in water 
and dilute to I liter. 

Procedure. (0) Transfer 0.5000 g. of the sample (all of which shall pass a No. 100 
(H9 -m) sieve) to a 100-ml. platinum tlish, cover, and atld 10 ml. of H^.S04 (LI). 
5 ml. of HF, .and suifitient HNO, tiropwisc to clfect dissolution. Remove, rinse 
the cover and sides of the dish, .ind ev.tponiic just to dryness on a s.ind bath. 

(b) Cool, add 50 ml. of (1:0), and stir well. Digest and transfer to a 

400-ml. beal.er, rinsing the dish with 50 ml. of HCl (1:1) and a little water. Add 
50 ml. of IICI (1:1), heat until s:ihs arc in solution, tool to 20*C., and add a little 
paper pulp fulloued Isy a slight excess of cold, freshly piepared ctipferron solution. 

(c) Stir well, then fdter through a I2.5-(m., medium p.iper (to which a little paper 
pulp has been added) into an 800-ml. heakcr, and w.ish 18 to 20 times with cold 
cupferron wash solution. Discard the precipitate. 

(d) To the filtrate add 25 ml. of HNO^ ami 10 ml. of UCIO^ (Caution) ami 
evaporate to dense white fumes to ensure complete destruction of all organic matter. 
Cool, add 150 ml. of MoO, heat to boiling, and Tdter through a 9*cm., medium 
paper into a -lOO-nil. beaker. Wash the paper 10 times with hot water. 

(e) Add 10 g, of NU^CI, 5 drops of bromacsol purple, .nnl NFLOH (1:1), until 
the color of the solution just changes to purple. Boil for 1 min., allow the precipi- 
tate to settle, and fdter on an Il-cm., inidtiim paper to which a little pajicr pulp 
has been added. Wash 10 titnes with hoi Nll^Cl wash solution. Wash die pre- 
cipitate and paper pulp back into the Inrakcr. add 100 ml. of HCl (1:9) and 10 g. 
of NH4CI, heat to boiling, and repeat the precipitation with NH4OH, hltering on 
the same paper and washing as before. 

(/) Ignite the precipitate in a platinum crucible, first at a low temperature to 
burn off the paper, and finally at 1150*C. to constant weight. Cover die crucible 
when removing from the furnace, tool in a desiccator, and weigh as soon as pos- 
sible as AL^O^ plus PoO.. 

(g) Fuse the ignited precipitate with 5 g. of NaXO^ at IIUO'C, for 30 min. Dis- 
solve the cold melt in 50 ml. of warm water and acidify with HNO3, adding 2 to 
3 ml. in excess. Transfer to a 250-mI. Ericniiicyer flask and .add -10 ml. of mol)b- 
dale solution. Complcic ihc deicmunaiion for phosphorus as destribed in Para- 
graphs (e) and (/) of the section on phosphorus by the perchloric acid-alkalimetric 
meiliod, above. Calculate any phosphorus found to P-.O-, as follows: 

P X 2.295 *= P2O5 

(h) Calculation.— Calculate die percentage of aluminum as follows: 

VI • (•* - -B) X 0,5291 ^ 

Aluminum, per cent ^ X 100 

where A = grams of AI2O3 plus PaOs, 

B = grams of PaOe, and 
C = grams of sample used. 

SILICON BY THE SULFURIC ACID METHOD 

Principle of Method.- The sample is fused with Na202 in an iron crucible, die 
melt transferred to a casserole, and acidified with HoSO^*! The solution is evapo- 
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ALLOYS: NONFERROUS 

By Dean I. Walter aiul Owen R. Gates 

the Stjlf of the Aiulyiical Oiciiiistr) ltr.iiirh 
Nat.il Kcscarth Laboratory 
WaUiington. D. C. 


Sro/tr.—Thc classification of alloys as either fciious or nonferrous is a sinipliiica* 
tiou that originaicd in days when technology svas less complcNr.and when most 
ineials of construction were either iron-base or copper-base alloys. This major 
cleavage still identifies the ferious family rather saiislaciorily. as it is restricted to 
one iiarent metah as technology advances, however, it provides less and less indi* 
vuluality lor the scores of other alloy families that fall together under the ambig- 
uous, negative side of the classification, but. since the inonicnium of tradition is 
with this noinenclaiurc, we must accept our herit.agc and atteinjit to define a mean- 
ingful area of analytical coverage consistent with the scope of this volume. 

The demands of modern technology arc so diverse ih.u every mcul from lithium 
to uranium, almost without exception, has been the subject of research for poten- 
tial usefulness, either as the pure meu! or .is the base of an alloy system. In the 
course of this continuing research and development, analytical methods dcvelo{>- 
mem has kept pace. Some of it is highly specific and specialized within individual 
rcsc.irch orTganiz.mions. Some is of great theoretical interest, but as yet, of limited 
applicability. Obviously, much of this fascinating work is beyond the practical 
limits of a work devoted to "industrial Products.** 

The purpose of this chapter will be to present a series of analytical methods for 
families of alloys that the analytical chemist is most likely to encounter in general 
industrial work. This selection iiilcudcs forty-six methods ami covers the following 
four major nonferrous categories: copper-hase alloys; nickel-copper alloys: lead, tin. 
and antimony alloys; and zinc-base dic-aistiiig alloys. Alloy families that have been 
treated under individual clenicms in Vol. I arc not duplicated, except where a 
particular method may be required to maintain die continuity of a sequence. 

Methods have been chosen with two general objectives in mind: (I) that die 
chemist consulting this work is interested in a standard or established method Uiat 
will provide him with an accurate and defensible analysis; or (2) that he is inter- 
ested in a specification-type analysis, in which good data are reciuiied widi the 
greatest possible dispatcli. In the mcdiods for copper-base alloys, which doubtless 
will have the greatest applicability, two sets of methods are provided to meet these 
ivvo objectives, and assistance in the selection of the appropriate methods is pro- 
vided. 

Source of Material.— ‘Xo enhance the cotifideucc of the cliemist in die reliability 
of these methods, the tinie-tested methods of the American Society for Testing 
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Hydrochloric Acid.—Ji is customary lo boil ibc protein with from 2.5 to 5000 
times its ^veisln of 6 iV HCl under reflux for 18 to 21 hours. ^Vhc^ only small 
amounts of tlic piotein arc to be hydrolyzed it is advisable to use 6 iV HCl equal 
to 1000 to 5000 times the weight of the protein. This large excess of hydrolyzing 
acid reduces amino acid losses. 

For many purj)oscs. especially for analysis by microbiological methods, 3 A' HCl 
at 15 pounds |)ressure for 5 to 10 hours is also widely employed, but it is not as 
satisfactory as 0 A’ HCl under reflux when crude proteins arc to be analyzed. 

It is ucll lecognized that the late of Iilx.Tatton of some amino acids from pep- 
tide linkage is faster than others: furthermore, it is known that the amount of 
destruction during hydiolysis increases with the length of heating. Thus, for the 
most accurate vsoik. it is ad\is.iblc to hydrolyze samples of the protein for dif- 
fcicnt lengths of time, c.g., 20. -10. 80. and 120 hours, and to determine the 
amino arid composition of each hydrolyzaic. Then if it is observed that one 
or more ammo acids {e.g., cystine, incihionine. serine, threonine) show a pro- 
gressive dccre.isc. the true value may be assumed to be that found at zero time 
fiom a plot of the values obtained at ddlcrcnt periods of hydrolysis. Likewise, 
if the the quantity of an amino acid (c.g.. isoleucine, valine) gradually rises to a 
peak value, the assumed maximal value may he obtained grjphic.)Ily. These re- 
fluements arc only valuable when the methods employed have the highest accuracy, 
and must be njrplicd empirically for each sepjr.ite protein. ^Vhcn investigating 
highly purified proteins it is also advisable to redistill the IICI several times in 
glass. 

Chromatographic assay methods require complete hydrolysis to amino acids for 
obvious reasons. Complete hydrolysis is also necessary when microbiologial assay 
methods arc employed, because the growth rcs{>onsc of many organisms is differ* 
ent (it may be greater or less) for the free amino acid than for the same amino 
acid in peptide linkage. 

A point too often forgotten in many laboratories is that dcsuruction of amino 
acids can take place even after the hydrolysis is ended, especially when the hy- 
drolyzale contains lice acid and humin. It is advisable, iherelore. to remove die 
excess HCl as soon as possible after hydiolysis. filter off the humin, decolorize 
witli .1 small quantity of clnircoal (Daico G-OU). if necessary, and after evaporation 
to dryness, dissolve the amino acid hydrochlorides in 10% vol./vol. 2-propanol 
and store in the cold. 

Stdftiric yield.— Although 8 A'^ HoSO^ at atmosphciic pressure is usually em- 
ployed, other concentrations of acid and pressures may be used.* The advantage 
of HmSO^ lies in the ease with whidi the excess acid can be removed with Ba(OH)o. 
The humin is also largely prccipiuicd along with the BaS04. R.SO4 is less ef- 
fective, at equal concentrations, than HCl. 

Xorr.— Other methods of hydrolysis arc given in Block and Weiss (1956).* 

USE OF BASES 

Sodium hydroxide, 5 A^ or 14% wt./vol. barium hydroxide under reflux for 18 to 
20 hours must be employed for liberating tryptophan from the protein. The ex- 
cess barium ions are removed by neutralizing the diluted hydrolyzate with gaseous 
or solid COj (Dry Ice). 

* Block, R. J., in Alexander, P., and Block, R. J., Analytical Methods of Piolciii Chem- 
istry, Vol. 2. Pergamon Press. London, 1961. 
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USE OF ENZYMES 

Proteolytic enzymes are t.sually not practical for the preparation of hycholy- 
zates for chromatof^vaphic methods and not advised for m.crohioloKical procedures 
because they contribute some amino acids to the Inial so ution. 

However, if enzvmatic hydrolysis is desired (en/ymaiic hydiulysis is ret uiud fur 
the liberation of iodoamino acids horn iodoproienis), it is advisalilr to fust tkn.i. 
tine the protein by heat coa<-uIation at pH 1 {tlilntc a.efic and) and then to di- 
oest at •lO-’C. at pH 8.(i in 0.01 M lunate Inillei loi at least 2! hotiis with one- 
tenth die weight of the protein of pancreatin powder (V'iokase. Vioin’u Corpoia- 
tion, Monticello. Ill-); the enzyme is then inactisated l»y lioiling and remo-.nl by 
fdtration. After cooling the solmion. the rcsnlting peptides au: hydtoly/ed with 
an amount of erepsin etpial in weight to the paiure.iiin. 

COMPLUPENESS OF MVDROI.VSIS 
The liberation of carboxyl and amino groups from peptide linkage is the ob- 
ject of protein iiydrolysis. Hydrolysis is tonsideieil lomplete wlun a ii)a.\i]ntnn 
number of -CO()H and -XI f. gioups have been lii.eiated. 'I hc tatlmxvl gtoup'- 
can be readily estimated by one of tlie inodifuatioiis of tlic Schitl'-Spienseii formot 
titration method or Iry oxidation with ninhydiin. 

HEACTIOX or AM ISO ACIDS WITH XISUVUIOS 
Ammonia resulting from the oxidative tleamination of amino .iciiis witii nin- 
liydrin is aerated or steam distilled '• into boric acid and titrated.-' 

Reagents. Caprylic Alcoliol.--.Saturatc with thymol. 

Ninhydrin (Solid). 

Citrate Buffer, pH 2.5.— Grind 2.0G g. of trisodinm citrate ami I'.l.l'i g. of citric 
acid to a fine powder.^ 

Hydrogen Peroxide, 30fo. 

Potassium Hydroxide, Saturated.— 'I'o a cylinder lom.iining w.iter under min- 
eral oil 1-inch thick, add solid KOH to saturation. Preserce uinler oil. 

Indicator.— .Add 10 parts of 0.1% biomotiesol green to 1 or 2 parts of 0.1')j, 
methyl red in 95% ethanol. 

Boric Acid.-Dilute 20 g. of H;,BO.^ to I liter. .Atld 20 ml, ul indicator per liter. 
Hydrochloric Acid.— .Statidard 0.07 M .V HCl. 

Procedure.— Add 1 ml. of soUition containing 20 to lUO fig. of caihoxyl nitrogen 
to an aeration tube coiuainiiig 0.15 mg. of buller and *>0 mg. of ninhydrin. The 
pPI should be 2.-1 to 2.G. Shake to mix and place in boiling water for lO minutes. 
.At the end of 2 minutes of beating, sliake to dissolve the niiihvdrin After 10 
minutes of heating, add 3 drops of 30‘!;. H.,().,. .shake, .uid heat for 3 minutes 
longer. Set up the tubes for aeration or distillation, .\dd I ml. of saturated 
kOH and aerate into H.jBO.j for -10 miuuies using I.:» nil. ol 2",' boric icid to 
trap the ammonia. Titrate ^ with HCl or kHlO.,. (’.alculate as follows: 

Ml. of 0.0714 HCl X 1000 = mg. of ainiuu acid N 

TholiJS nr '*■ 

I. J.=L IV. I,., Can. 

.... 

U uaiiuicr, i.. Arch. BuKlit-m. Hmphys.. fiti, 301-30'). l<i.->7. 
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COLORIMETItlC ESTIMATION OF AMINO GROUPS 

Hording and MocLeon's^ (1916) Method.-'To I nil. of neutralized unknown 
(U.Ul to U.08 mg. of .uninu nitrogen) add 1 ml. of 10% .iqueous |))ndinc and I 
ml. of 2% aqueous ninli)drin. Stopper the test tube lightly with a cotton plug 
and place in a boiling water bath for 20 minutes. Cool in water, dilute to 50 ml. 
and read at 570 nin- Leucine may be used to picparc the standard curse. 

Yemm and Cocking's Method.^^— Mix. t ml. of an amino acid solution containing 
U.05 to 2.8 /xg. amino nitiogen with 0.5 iid. citrate buller of pM 5 (0.2 xW). Add 
iiiuh^drui in methyl Cellosolsc (0.02 ml.. 5% wt./vol.) and KCN in methyl Cello- 
aohe (I ml., 2% wt./sol.) to this solution either separately or as a single solution. 
Separately these reagents are stable for at least one month, and mixed, for at least 
one week. Heat the well-nuxed solution (or »t least 15 minutes at lUU'C. and cool 
for 5 minutes in running tup water. '1 he boiling point of the water-meUiyl 
Cellosohe mixture is gieater tlian IU0*C.. and using tubes stoppered with a glass 
maiblc, csaporaiion losses during the beating period are negligible. Make the so- 
lution up to a cunsenient toUiine with ethanol (d0% wt./\ol.) and determine die 
optical density at 57U m^. 'I'lie colors are quite stable for at least I hour at room 
temiicrature. Most of the common amino adds gisc colors equivalent to 100 ± 1% 
of that of pure dioxoliy<!riiid)hdeiie-dioxohy<irin<laminc (DVDA) except tryptophan 
(80%) and lysine (110%). Ammonia rcacu yielding a color ctjuivalcnl to only 33% 
of that of pure DYDA. 

QUALITxkTlVE PAPER CHROMATOGILVPHY 

Picsem-day paper chrumaiography m.iy be considercil to have started with the 
report of Martin and Synge in 1011. Uecaiise of the cxtcnsi\c familiarity wiUi this 
method and its adcciuatc coserage in many books .ind resiew papers’^ a dcscrip* 
tioii of only a fesv useful procedures will be giccn. 

Qtianlilies of Amino Acids Used.—TUc amount of cadi amino acid required to 
give a visible spot on a two-dimensional ebromatogram is dependent on: ijpc of 
color reagent, size of sjjoi initially applied, length of development, type of paper, 
soUetus employed, and the nature of the amino acid. Tlie approximate amounts 
in 3 m 1- of solution of each amino acid i<» be applied to a large (18 in. x 22 in.) two- 
dimensional chromatogram are given in Tabic 27-1. 

Keagents and Muterinls. Pajscr.— Wbatman No. 1 or No. 3 or Sdilcichcr and 
Schuell No. 598 is most widely used. The latter is especially valuable for cystine, 
meiliioniiie, histidine, and tyrosine when one-dimensional chromatography and 
specific color tests are employed. 

Solvents.*^ P/ieno/.— One-huiidrcd milliliters of mctal-frec water arc dissolved 
in 500 ml. of Mallinckrodt Gilt Label liquid phenol by gentle warming. Add 25 
to 50 mg. of 8-hydroxyt^uinoline. The solvent is stored in a dark bottle in the 

B Harding, V. J., and MacLcaii, R. M., J. Biol. Chcin., 24, 503-517. 1910. 

lOYcmm, E. \V., and Cocking, E. C., Analyst, 80, 200-213, 1955. 

It Martin, A. J. P., and Synge, R. L. M., Advances in Protein Clicm., 2, 1-83. 1945. 

12 Block, R. J., Durrum, E. L., and Zweig, G., Paper Chiomaiugraphy ami Paper Elec- 
trophoresis, 2nd. Ed.. Academic Press, Inc., New York, 1958. 

13 The addition of a diop of 0.1% wt./vol, bcotnucresol purple indicator to the amino 
acid solution is often helpful in enabling the investigator to foHovv' the length of the 
solvent development, especially if the scilvciil is allin\ed to flow off the paper. 
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Tabie ^7-1. Desirable Quanth-ies or Each Am.no Ac.n m be A.m-lieo to a 'IVo- 
Dimensional CiiROMATooHAM in ^ nl or SoLunoN 


Arg.. . 

... 4 Mg- 

Tyr.. 

- 4 Mg. 

His. . . 

... 10 Mg. 

Try.. 

. 4 Mg. 

Lys. . . 

... 3 Mg- 

Phe. . 

- 4 Mg. 

Leu. . . 

. - • 1 Mg- 

Glu.. 

- 0.3 Mg- 

Iso 

... 1 Mg- 

As[). . 

■ 1 Mg- 

Val. . . 

... 1 Mg- 




Cys 

Cysicic ac, 1 /.g- 

Nki 2/ig. 

Giy <^>-5 ^Si- 

Ala 0.5 Pg. 


Scf. . 
Tiic. , 


1 Mg- 
1 Mg- 


Pro. . 
Hop. 


■> Mg- 
5 Mg. 


re 


refrigerator where the cokl causes separation into luai laseis. \\ lieu it is to he usetl, 
the bottle is vigorously shaken aiul the tlesired tjuaiitiiy of the eiuulsion is rcuiovctl 
anti gently warmed to ellect solution. 

A beaker containing 100 mg. ot NaC.N’ in 1 to 0 ml. of water and one tomaining 
50 ml. of 3 to -1% NH-i are tonnnonly placed in the chamber. 

The relative distance {Ilf) traveled liy the more basic amino aciiis (aiginine, lysitie. 
ornithine, hydroxylysine) in phenol is influenced by the pll of the developing 
medium. Thus, if a beaker containing .NII-i is placed in the chamber, liiesc 
amino acids will travel further in the Mdveni than in iis abseiuc. 

/-/ltc/rt»o/:.'lcc'pc l-Uutanol:glatial atc-tit. acid:water l.}0:5l): 1‘J5 \ol./vol. 

2-liutaiwl:Ainmuiiia.~2-lhiiimol:3% aquetius NH^ ■ 15(l:5tl v<j1./\o 1. Three 
per cent aqueous ammonia is prepared by diluting 55 ml, of coiuentrated .N’fl,OH 
to 500 ml. with water. 

2-liutanol:tuncentrated r\’n,Gll - 150:50 sol./vol. Run 
the chromatogram in an atmosphere fjf concenirateti 

tert-Bulyl Alcohol'.l'armic /Icid.—U-rt-lUilyl altohol:88‘’', formic aciiRwatcr - 70: 
15:15 vol./vol. 

Alypauilus. Descending Chromatography.— In this iechni<|ue tJie solvent is per- 
mitted to flow along the paper in a dowmuard direction. Consden, Gordon, and 
Martin “ first reported the successful separation of a mixtuie of amino .icitis bv 
descending paper chromatography. 

The essentials of the apparatus consisLs of a filter paper strip, the iqjper end of 
which is immersed in .i glass trough containing the solvent. I he strip is hung in 
an airtight chamber. Aftei the insertion of the paper, the chamber is sealed with 
Sarati wrap and glass plate*. The* bottom of the chamber is covered with the cu'- 
ganic solvent in order to provide a saturated atmosphere. The trough is pto- 
vided svith a glass bar which serves as the pape*r support, and the paper strip is 

passed over a glass rod to prevetit capillary siphoning of the* solvent down the 
paper. 



definite slow-up after the solvent front Ik.s uav^e^i m^r^^llinr^Vr^The ci 
1 a ogiaplnc development should be stopped at this point. 1,, order to achieve 

i^Co.Lsden, R.. Cordon, H., and .Martin, A. j. l*.. iHocheni. J., -JS, 2I>l-252, ly-M, 
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maximum resolution by this method, “multiple development’' slmuld be tried (sec 
below). Suitable equipment lor ascending chromatography is described below. 

Ascending-Descending Chromatography.— Rectangular glass aquaria, 52 cm. long, 
32 cm. and 26 cm. wide, are used. The lower portion of the sides and all the 
joints are covered by a la^cr of paralTin. Two glass rods runnitig the width of the 
chamber arc sealed with paraifin to the sides of the diambcr about 1 cm. out and 
‘1 cm. from tlie top. These rods support lengthwise rods on which the paper is 
placed. If ascending chrom.itography is used, short sheets of jiapcr arc licld be- 
tween two rods clamped by rubber bauds. Glass or siaiidcss steel troughs arc used. 
The ciiamber is covered with Satan wrap and a glass ]>Iatc. 

Two-Dimensional Giromatography.— For maximum resolution of a complex mix- 
ture, luo-dimensioiial paper chromatography is recommended. The principle of 
tins teciinique is die successive development of the chromatogram with two dif- 
ferent solvents (e.g.. a basic and an acidic solvent), die advancing fronts of which 
are at right angles to each other. 

The same ajiparatus as described for unidimcnsional chromatography, or the 
smaller ciiuipinent described by Daiia el al.^^ will lend itself to two dimensional 
chromatography with the dilfcicncc that a single spot is applied 2.5 cm. from die 
lower corner of a sheet. After the first solvent has traveled almost to the top edge, 
the sheet is removed, dried, and rennt hi a second solvent which is at right angles 
to that of the first solvent. If decomposition products accumulate at or near the 
solvent fiont of the first solvent, it is advisable to cut oil ibis section of the paper. 

Multiple Development.— Multiple development technique is used to gain a 
greater effective distance of solvent front while retaining a shorter length for the 
paper itself. After the mixture has been separated by tlic solvent and the paper 
dried, it is returned to the solvent trough for a repetition of the passage of solvent. 
This process may be repe.atcd 2 to 1 times. 

It is sometimes desirable to use a "fast" solvent to get rid ol unwanted substances 
or impurities. Tliese may then be Ioc.itcd by suitable detection methods and the 
paper sfieet cut off parallel to the solvent How just below this region. The remain* 
ing part of the sheet is fastened with a sewing macliinc to another piece of filter 
paper of ilie same width, and a second development (w’ith the same or another 
solvent) is undertaken. 

Circular or Horizontal Filter-Paper Cliromatography.— The principle of this 
technique is that the substances to be analyzed are resolved into circular zones 
instead of sjiots. A "lail" is cut from a circular filter-paper disk and is immersed 
into the developing solvent after die substances to be analyzed have been deposited 
in a circle on the pajier on a radius of 1 cm. from the center and 1 to 2 cm. apart. 

The apparatus consists of two upper or lower sections ol a Petri dish and a 
filter-paper disk slightly larger than the glass sections. The “lair’ is fashioned by 
making two parallel cuts, about 2 mm. apart, from the same edge up to die center 
of a circular filter paper, and die tail is bent at the joint perpendicular to the 
plane of the paper and cut down to about 1.5 cm. in length. Care must be taken 
diat the cuts arc of equal Icngdt; otherwise the development may not result in 
truly circular zones. 

Instead of fashioning the wick from die filter-paper disk itself, it may be formed 
from another strip of filter paper (0.5 x 1.5 cm.), whicli is folded in the center and 
inserted into a 0.5-cm. long slit in die center of die filler-paper disk. The wick 

isDatu, S. P., Dent, C. E., and Harris. H., Sdaicc, 112, 021-623, 1950. 
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nnv also be made from a strip of filler paper, rolled into a cylinder (2 to jj mm. 
thiJk) cut at the end into the form of a brush and inserted through a small hole 
It the cemter of the disk or the solvent may be fed onto the paper disk by means of 
a olass capillary. The site of the capillary regulates tlie r.ite of feed and llui> the 
rate of di-elopment. A small cone made of filter paper and placed uith ns apex 
at the center of the disk may also be used as an irrigating wick.’* 

Abblication of SamfAe (.S7m///ng).-Probably the most imiuntant single fatior 
for successful paper chromatograpliy is the proiier applualion of ilie sample onto 
the filter paper. The original spot imist be small (5 mm. in dianietei), and for 
quantitative ivork the .spot size and the deposileil volume must be absolutely 
uniform. 

Self-filling micropipets are available in .sizes ranging fiom I to 1<J ^*1. (1 ;d. 
lx = 0.001 ml.). The tip is immer.sed in tlie .sohition to be clnum.nogiajihrd ami 
filled to the mark by capillarity. Tiie tip is then lightly toiirlied to tile inaik on 
the paper onto which it empties with an even How. lii oiiU r to keep tlie spot 
size to a minimum diameter, tlie solution may be diied as it flows on the p.iper 
either with an infrared lamp or a hair drier. I he Idler paper may rest on ,t lie.tn 
glass or plastic plate, 'fhere is very little loss of material, because any solution 
which reaches ihe glass is immediately reabsorbed on the undetside of the p.tpej. 
The pipeis are cleaned with hot .soapy water, distilled water, and acetone, in this 
sequence. 

In ascending chromatography, the spots are usually placed about 2 to cm. fttim 
the lower edge of the paper, 2 to 2.5 cm. apart from each other. The positions aie 
indicated liy pencil marks. A simple device for making a large numbei of sheets 
is as follows: A strip of sheet aluminum is marked with laiscd points, 2 or 2.-5 cm. 
apart, with the point of a nail. The lower cilge (li in.) is hem .slightly b;nk to 
form a small ledge. Tlie chiomatogram is then placed between two sheets of fdter 
paper and fitted into the aluminum template. .A quick movement of the tlumib 
across the protective paper will thus maik the chroniatogr.ini (onveiileiitly. 

When more than one chiomatogram is run siimihaneuusly. the lilter p.ipeis ale 
placed on clean glass plates, one over the oilier in echelon, e.ich sepaiated by 
a glass plate. It is imporlaiu to hold the papers Hat on the glass plates. 'I his is 
accomplished by placing the covering plate about 1 (in. above the point wlieie the 
spot Av'ill be applied. Spotting platforms made from wood with leiiuoalde glass 
plates (1 in. wide) and Hush with the smface of the platform have also been used. 
This technique is more convenient that the foimer. because between runs only the 
thin glass plates instead of the larger plates of gla.s.s have to be cleaiieti. 

For best re.sulis not more than 5 m 1. of solution sliould be applied at one time 
If more than this quantity is desired, other alitpiots are appbVti on toti of the initial 
spot. The spots are dried after each application with an infrared lami) or tlie 
warm air blast from a hair drier. If the applied spot is too large initially the 
siape of the spots on the developed cliromatogram becomes dilfiise anil indehnite 
When applying as much as 25 to 50 /d. of a solution, it is recommended to use 
transfer-type pipets. The flow ol liquid from iliis pipet is controlled with a micro 
syringe equipped with a screw control. 

Other methods are described in Block. Dunum, and Zwci.^u> 

Effect of Chamber Size.— The chamber size 'iirerii; tlw. /z ,.''i r 

A cuca. ™,u„.e s. ir™ 

10 Clayton, R. A., Anal. Clicm., 28, 901-906, 1950. 
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cliromatographic cabinet. For example, a 37*1. cabinet lias a critical solvent volume 
of 375 ml. Above ilic critical solvent volume the Rf values arc at a minimum, 
even when the solvent volume is increased. Below the critical solvent volume the 
Rf values arc at a maximum. It is, ilicicforc, recommended to stay above the 
critical solvent volume for constant Rf values. It appears that below the maximum 
critical solvent volume unetpiul vapnri/..itioii occurs, the solvent becomes riclier in 
water, and. hence, the Rf values of the vv'atcr-soluble amino acids tend to increase. 

Drying the C/ironirt/ogrow.— The chromatogram should be dried thoroughly to 
remove any excess solvent prior to color development. When phenol is used as a 
solvent, the chromatogram is dried at room temperature in order to prevent dc* 
composition of some amino acids. Drying the chromatograms at elevated tern* 
pcraturcs may be accomplishetl ni a hood with the aid of a fan-type electric heater. 

Color Development.— \ choice of color reactions is given below for each class 
of amino acids. 

Dipping.— Dipping of the chromatograms is recommended. It is necessary', of 
course, to choose n solvent for the color reagent in which the substances to be de- 
tected arc insoluble. A tray for dipping chromatograms consists of one of the 
chromatogram trouglis. and a tube weighted with lead shot. The dried chromato- 
gram is slipped under the roller tube and is drawn quickly through the reagent 
solution. 

A multiple dipping procedure for the amino acids utilizes three to four succes- 
sive color reagents: ninhydriit or isatin. Ehrlich reagent (dimcthylaminobcnzaldc- 
hyde), Sakaguchi, or diazo reagents.** The spots should be marked in pencil after 
each reagent. In this manner most of the amino acids may l>c ulcivUfted on the 
same chromatogram by their position and characteristic color reactions. 

Spraying.— For the spraying of chromatograms, a gl.iss atomizer may be made 
with only moderate skill in glass blowing.** Dc Vilbiss atomizers arc satisfactory 
if the spray solution is not mccal-corrosivc. Commercial all-glass spray bottles of 
various sizes arc available. A iiinhydrin-acrosol spray for amino acid chromato- 
grams has also been developed. This atomizer does not retjuire .i source of com- 
pressed air and may be useful for portable applications.*'* 

Chromatograms arc sprayctl in a chcinic.il hood by hanging the papers on a 
suitable rack by means of cloihespius. The .itomizer is Itcld at a distance 12 to 15 
in. from the paper and is moved in a slow, but even, left to right movement, start- 
ing at the lop of Ute paper and working downward. Care must be exercised not to 
overload the paper witli spraying reagent, because the spots tend to diffuse and 
migrate, especially when aqueous ic.igeiits arc employed. 

The spots of a chromatogram may also be detected by laying die dried chro- 
matogram on a wet sheet soaked with the color reagent.** 

Ninhydrin Test. Method /.— Niiihydrin, 0.25% wt./vol., in acetone containing 
5% wt./vol. pyridine, lutedine, or colUdiue. Warm at 35*C. for 1 hour in a 
moist chamber, store in the dark overnight. 

Method 2.— Ninhydrin, 0.3%, in 95% ethanol. The color is developed at room 
temperature in the dark for 18 hours. 

Method 3.— Two grams of ninhydrin are dissolved by warming in 50 ml. of water. 
To this solution, 80 mg. of stannous chloride in 50 ml. of water are added. The 

iTJepson, J. B., and Smith, I.. Natuic. 172, 1100-1101, 1953. 

isZvveig, G., Anal. Chem , 28, -128, 1956. 

19 Bowden, C. H., Maclagan, N. F., and Wilkinson, J. H., Biochem. J.. 59, 93-97, 1955. 
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mixture is allowed to stand in the dark for 21 hours or longer, alter which the 
precipitate is removed by filtration. 'Ihis stock solution of 2% ninhsdnn w.l 
temain useful for many months if kept in the refrigerator. I weiuy live nil. of 
stock ninhydrin solution are diluted to 50 ml. with water; then iaO ml. of iso- 

propanol are added. , , ,r i a .i. 

iUet/iod -/.-When alkaline salts have been used to buffer the paper or wlietc the 

material to be chtomatograiilied contains a considerable tjuantity of alk.ili, the 
alkali must be neutrali/.ed by the incorpoiaiion of 2 to ■}*■';, vol./vol. of acetic acid 

into tile ninhydrin solution. , 

Conservation of .\mino .Acid Chromatograms .Stained with .Ninhydrin, • 1 he niu- 
hydrin-treated chromatogram is dipped into dilute copjar nitrate (1 ml. of saturated 
aqueous Cu(NC>,):; + »>!• ‘>f vol./vol. are diluted to lOU ml. with 

ethanol). The p’lpers are quickly neuirali/cd with .NM-^ vapors, ait dried and 
sprayed with Ki 7 loti crystal dear acrylic spray (Kiylon, inc,. Phihitlelphia th. P.i.).>* 

.SPECIl'IC: RKAdKN TS FOR THE AMl.NO .AC.IDS 


ARG/X/N/-: 

1-NaphthoI-Hypochlorite Reagent (Sakaguchi Reaction). --'1 he duoimuogr.ims 
are sprayed with 0.1% solution of 1-naphthol in 1 .V .NtiOIl. .After diving, the 
paper is sprayed with NaClO solution prepaied from ;in ei)u:tl niixiuie of ethanol 
and commercial NaClO (Cloro.x). .Arginine ap(>e.us as ;i ted spot; 10 pg. or mote 
must be used. 

Dissolve 0.01% l-ttapluhol in ethanol containing 5%, mea. .\cUl ROlf to ,5‘'„ 
wt./vol. just before spraying. Spray and air diy a few minutes, ;»ihI spr.iy lightly 
with 0.7 ml. of Br.j in 100 ml. of 5%. wt./vol. KOfl. This test is sensitive to 0.2 
fig. of arginine. 

8-Hydro.\yquiiioline.-.A modified Siikaguthi method consists in ili[qiiiig the 
chromatogram into 0.1% S hydroxyquinoline in acetone. .After the clnomatogiam 
has dried, it is dipped into a solution of O.tfJ ml. of in luti ml. of tf.5 ,V .N’.iOU. 
Arginine and other guanido compounds give onuige-retl spots. 

Ferricyanide-Nitrojirusside Reagem.-Mi.x 1 volume of wt./vol. K.,Fe(CN),.. 
1 volume of 10% wt./vol. Nad'e(CN)..\()-2I h.O ami 1 volume of 10' ;, wt./voL 
NaOH. After 30 minutes add {) volumes of water and 12 volumes of acetone. 


CYSTIXE'-'^ (c/. Methionine) 

Phospho-18-Tungsiic Acid.-The paper is dipped into 1%. wt./vol. of .\a..-SO, 
and partly dried in air. I'hen the damp chromatogram is tieated with Fcrlin’s 
phospho-18-tungstic acid reagent made alkaline with N'-.iMC.O.,. Cvsieine and other 
reducing substances give a deejj-blue color wilbom sulfite treatment fcf, llisthliiie 
Egothionine, etc.). 

Cysteine nmf Homocysteine.-' fhe hydroly/ate coiiiainiiig these suifhvilivl com- 
pounds IS adjusted to pH .5 and treated with an excess of HCHC) for ‘'-1 houis ar 
room temperature. " 

v‘“T R«ac.i„.,,-TI... dry chrom«osn,,„s ,pr,,,.,..i 

r.itli O.Oa N iodine in o0% Mliiinol coiiniiiiins l.'d;;, wi./vol. of judiuni ndde'oi 


282, 1956. locmm.s. i... .uul Kolb. J. J., .\';uurc, 177, 281- 
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a freslily prepared soliiiion of 0.01 M !« in Oil M KI plus 0.5 A/ NaNj vol./vol. 
The sensitivity of this re.ngenl is OJi Mg' mcihionine. 

Sodium Nitroprussidc. Reagent i;— Sodium niiroprussidc (1.5 g.) is dissohed 
in 5 ml. of 2 N I-USO^. Then 95 nil. ol inctlianol and 10 ml. of 28% wt./\ol. am- 
monia are added. I'he solution is rdtered and stoied in the refrigerator. Reagent 
2: Two grams of NaCN are dissohed in 5 ml. of water and diluted to 100 ml. 
with methanol. Tests: Foi cysteine, use reagent 1; for cystine dip into reagent 1, 
dry sliglilly, and, wliile still damp, dip into teagent 2; for both cysteine and cystine, 
prepaie reagents at double strcngtli and ttcat with an equal mixture of 1 and 2. 

Platinic Iodide.— Add in the following order -1 ml. of U.0U2 M H^PiCIq. 0.25 ml. 
of 1 A’ KI, 0.1 ml. of 2 A' IICl, and 38 ml. of acetone. (The acetone must be puri- 
fied by refluxing o\er and distillation from R.MnQ^ and K^CO^.) The dried chro- 
matograms are dipped into this rcageiit. Cystine, cysteine, metliioninc, and some 
otiier reducing substattces gitc a white spot on a red-purple background. 

1 he reagent may be used after development with butanol-acetic acid and other al- 
coholic solvents without extra precautions. If phenol, lutidinc, etc., are the develop- 
ing solvents, all traces must be removed with ether-acetone (vol./vol.), petroleum 
ether, etc. Palladous chloride in O.I A' HCI may be used in place of cliloro- 
platinic acid. 

N-Cthylmalcimidc. The atr-dried chromatogram is dipped into 0.U5 Af N-ctiiyt- 
maleimitlenem in absolute 2-propanol. After drying in air the color is developed by 
dipping the chromatogram into 0.25 .If KOII in 2-propanoI.^^ Compoumls whidi 
contain -iiH groups give pink to red spots. 

Oxidation and Coupling of Sulfur Amino Acids.— Cystine may be converted to 
cyslcic acid, and metliioninc into methionine sulfoxide and sulfonc. by oxidation 
with HoOo. The sample is applied to the paper, and tJie spot is dried. Then an 
aliquot (equal to that of the amino acid solution) of 3U% wt./vol. of fol- 

lowed by two or three times that quantity of 0.02% wt./vol. of ammonium molyb- 
date is applied in the usual manner. Cysicic acid, methionine sulfo.xide, and 
metiiionine sulfonc ate more re.idily ideiitined on plicnol-Iuiidinc iwo-dimciisioiial 
chromatograms than are the parent amino acids. 

In order to avoid destruction of cysteine, reduced gluialluonc, etc., ou paper 
chromatograms, the -SH compounds aie coupled with n-etiiylmaleimidc by dissolv- 
ing the neutralized mixture of amino acids in a(|ueous 0.1333 . . . Af reagent. 
It is important to keep the pH of the NEM-derivaiivcs at pH 7 or below during 
die entile operation. The NEM-.idducis readily decompose above pH 7.5. The 
S-substituied compounds may then be dclcrmincd by the ninhydrin reaction, treat- 
ment with 0.25 A/ KOH in 2-propanol or by the use of some of the sulfur tests. 

HISTIDINE 

Sulfanilamide.— Place 5 ml. of sulfanilamide and 5 ml. of NaNOo in a separatory 
funnel. Mix for 1 minute. Then add 50 ml. of 1-butanol. Sliake for 1 minute, 
and let stand for 4 minutes. Decant the butanol layer, and spray or dip the diro- 
matogram. Dry die sheet in a current of air and then spray with half-saturated 
Na^COg. Imidazoles give a deep cherry-red color. 

p-Anisidine.— Mix equal volumes of 1% wt./vol. p-anisidinc in O.ll N HCI and 
10% vvt./vol. amyl nitrite in ethanol. Let stand 3 to 5 minutes and spray paper. 

31 Benesch, R., Bcnesch, R. E., Guicho, M., and Laufer, L.. Science, 123, 931-9S2, 1936. 
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Dry the sheets at room temperature, anti develop the color either with Nil, vapms 

or by spraying with 10% IvOH in ethanol. ,, -i • i ir u .Mif 

/,.] Jmanili^c.-The reagent may be substituted for sulfaudanudc. It . csi c- 

ciidly valuable for histidine and other imida7oles as it gives a lelativcly weak rc.tt- 

tion with tyrosine and other phenolic derivatives. 


GLYCINE 

Glycine, as well as histidine and tryptophan, gives a color when sprayed with 
o-phthaldialdehyde 0.2% wt./voi. in acetone. 

METHIONINE [“.Active .Methionine" and other .Sulfur Compouiuh 

{'riiiohydantoins)] 

Platinic Iodide.— Sec Cystine, above. 

Sodium Nitroprusside.— Dissolve 500 mg. of sotlium niiroptus'jide in Hi ml. of 
tvater at room temperature. Ihen atld 500 mg. of Nn._.011'IlCl. folIr»tved by 1 g. of 
NallCOa. .After the evolution of gas has stop]ied, aikl two diops of iW.^, Ke- 
move the excess Biw by aeration, filler the daikgieen or black-brown solution, and 
dilute to 25 ml. ft is stable for 2 weeks. Let stand 21 hams, (iller again, and 
store in the dark. Just before use. dilute the leagent with an etpial volume of satu- 
rated Na.jCO^. and filter. Spray, and expose moist chiomaiograms to ste.im for a 
few minutes. 


ORNITHINE 

Vanillin.— Spray with a freshly prepared solution of 2%, vol./vtil. vanillin in 1- 
propanol. Heat at llO'C. for 10 minutes, then spray with D", wt./vol. ROlI, 
Heat at I10“C. for 10 minutes. Five-tenths mitrogram of ornithine gives a yellow- 
brown color; sarcosine gives red .spots. The procedure may be inodilied as follows: 
Spray with 0.2% vol./vol. vanillin in acetone followed by l‘!|, wt./v»il. ;dcoholic 
KOH. Heat. Ornithine, proline, and hydroxyproline give red spoi.s.-- 


PliOLINE AND HYDllOXYTROIJNE 


Isatin.-Spray with 0.2% wt./vol. isatin in acetone. Heat for 10 minutes in HA>- 
saturated oven at 70® to 75®C. Proline and hydroxy proline give blue colors; cystine 
and tyrosine often aLso give blue colors. Glutamic and aspartic acids give pink 
spots which turn blue on standing. The other amino acids give pink spots which 
fade. 

The air-dried chromatograms are healed 2 to 11 minutes at 110®C.. then they arc- 
dipped into 0.-1% wt./vol, isatin in buianoLacetic ucitl - f)C»: l vol./vol, .After 
drying in air, the paper is heated for 10 to 15 minutes at llO'C., it is then dipped 
into N HCl and, while still damp, the exce.ss HCl is washed out with distilled 
water. Only the proline spot remains.-^ 


Isatin-p-Dimethylaminobenzaldchyde.- After healing the isatin-ireatetl paoer it 
IS sprayed with a freshly prelmrcd solution of I g. of p-dimetliylaminoben/ahle- 
hyde, 90 ml. of acetone, and 10 ml. of concentrated HCl. Only hydroxyproline 
will give a purple-red color.rr Sensitivity, 0.1 /ig./cni.'-: ^ ^ 


G.. and Giltrovv. Nature. 173, 31 1-:!!'). 19.', 1. 
Pasicka, A. E., and Morgan, J. E., Proc. Soc. Exptl. Biol. 


.Med., 93, 51-.57. I9r)r>. 
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SERINE AND THREONINE 

Spray wlih 0.035 M periodic acid in mcliiaiiol containing 2% %ol./vo]. distilled 
7-collidinc and air dry. Serine. h)cIroxyI)sinc, etc., arc revealed by dipping the oxi* 
dized chromatogram into a mixture of 15 g. of CH^COONIL, 0.3 ml. of 
CH3COOH, and 1 ml. of acciyJacctonc per 100 ml. of methanol. Air dry, and view 
under ultraviolet light. 

Threonine is revealed by spraying vvilli a fleshly prepared mixture of 5% vvt./vol. 
mclhanolic N.i.,Fe(CN)-N’O*2H;.O:20% voL/vol. meth.uiolic piperidine = 1:1 vol./ 
vol.-* 


TAURINE 

O'Phthaldialdcliydc.— Dip the chrom.itugr.ini in 0.2% wt./vol. »-phthaldialdch)de 
plus 0.2% vvt.Aol. urea in acetone. Heal for 10 minutes at 50*C. Dip into 1% 
wt./vol. .ilcoholic KOIl; he.it for 10 minutes .it 50'C. and for 10 minutes at 105*C. 
Taurine gives a red spot.** 

TRYPTOPHAN 

Ehrlidr’a Ucagem.—Prepare fresh a mixture of 1 g. of p-dimcthylaminobcnzal* 
dehyde, 00 ml. of acetone, and 10 ml. of concentrated HCJ. The Ehrlidi reaction 
may be stabilized by first spraying the diromatogram with 1% vvt./vol. methionine, 
drying in air, and then spraying with pdimethylaminobcnuldehyde in HCl* 
acctone.88 


TYROSINE (Diiodotyrosiiie. Thyroxine, etc.) 

Pauly Reagents.— These arc described above (Histidine). 

Ceric Sulfatc~Sodium ^Vrscntte-.Mcthylciic illuc Reaction for lodoamhm Acids.— 
Reagents: A. Ce{HSO^)4:10% v\t./vol. in 10% H^SOi vol./vol. 11. NaAsOj. 5% 
wt./vol. in HoO. C. MctJiylcne blue. 0.05% vvt./voL in Ph.O. All reagents must be 
made up in dcionizcd-distillcd H;.0. 

The chromatogram is lightly sprayed on both sides with a freshly prepared mix- 
ture of A and B in the proportion of 2:3 vol./vol. An 181^x221^ in. sheet of 
Whatman No. 3 paper requires .ibout 50 ml. of the reagent. The paper is dried in 
an air stream for 5 minutes. It is then sprayed on both sides with reagent C ap- 
proximately 100 ml. per sheet. The sheet is again dried for 5 minutes. It is 
then placed in a tank containing NH3 vapors until the H^SO^ has been neutralized. 
This is indicated by the change in color of the background from pink to yellow. 
The chromatogram is then dried in air. The iodoamino acids appear as bright- 
blue spots on a yellow-green background. 

DIFFERENTI.ATiON OF a-AMINO ACIDS 
FROM OTHER AMINO COMPOUNDS 

The dried cJiromatograms are dipped into a niethanolic solution of 0.25% wt./ 
vol. cupric nitrate and 2% vvt./vol. sodium acetate. The paper is dried at 70% C. 
for 2 minutes and then counterstained with 0.2% vvt./vol. ninhydrhi in acetone. 
a-Amino acids are not colored or only very faintly after drying in air for 1 minute 
followed by heating at 70*0. for 40 to 50 seconds. Other ninhydrin positive com- 

24 Schwartz. D. P., Anal. Chem.. 30, 1855-56, 1958. 

26 Nakajima, S., and Okuyama, G., J. Pharm. Soc. Japan, 76, 620-624, 1956. 
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pounds including lysine give intense purple colors. Glycine and glycine contain- 
ine peptides are yellow or orange. 

Another procedure for diirerentiating a-aniino acids from ,^-ainnio aniinfs. 

etc., is based on the nonenzymatic transamination of the former.-'- I he paper 
chromatogram is sprayed with alcoholic pvridoxine. or V^itainin 15,. p.d) mg. of Vita- 
min B,.-HC1 in HH) ml. of 95% ethanol ueutrali/ed to pfl 5.5) and air dried. Uic 
chromatogram is heated at 90=C;. for 10 minutes to eltect tratisannnation .nul then 
sprayed with ninhydrin to reveal unreacted amino .acids and prnnaiy amines. 


DETECTION OF OPTICAI. I.SOMER.S OF A.MINO ACID.S 

The presence of a n-isomer tan often Ire detetted by spiaying a paper throm.ito* 
gram with a weak solution of namiiio atid o.vidase (Vh'obin C.’orprri.ition, .Mmiti- 
ccllo. 111.). The chromatogram is then incubated in a moist diainbei tor sever.d 
hours, dried, and sprayed with ninhydrin, A decrease in color", compared to an 
untreated control, indicates the presence anti ap[)roximate (juarttity of the tr-anilno 
acid. 

Contamination hy the ir-isomer in samples of supposedly pure t.isoiueis of 
cystine, hydro-xyproline, proline, leucine, phenylalanine, tsrosine. iiypiuplian. etc., 
can be determined more accurately as follows: lOfll) micromoles of the t.-istr- 

mer to be tested are plated in each of four \\'arburg vessels, and to each of these 
flasks 1 mM. of the known ir-optical enantiomorph (usually in the form of an aliijuot 
of a larger volume) is added. 'To these four llasks. as well as to two others, buffer 
solution is added, fn tiie sitlearnis of all six vessels nainino o.xitlase vilulion is 
introduced. The flasks are tipped after the e(|uilibration pet hid ami read at inlet- 
vals until gas evolution or consumption is complete. This mclhotl is obviously 
applicable only where 1 ^.\f. of added susceptible isomer is readily ami cjuantiia- 
lively oxidized in the presence of the iDUU-foId amount of the resistant enantio- 
morph. .-\s a rule, a tunsiilcrable amount ol the en/\me is eiiijrloyed. The HihO 
fiM. of the i-isomer alone sliould consume levs than I micro.itom of ().,. wliile sinnd- 
taneously the added 1 /iM. of i) i.somer should be nuautiuiively oxidbed as shown 
by the increment in the value over the i.-isomer. All values are cot reeled for the 
enzyme blanks. 


QUANTITATIVE PAPER CHROMATOGRAPHY 

METHOD I; VISUAL CiO.MPARISON 
Casual inspection of a finished paper chromatogram reveals that both the inten- 
sity of color and the size of the .spot vary with tiie tpiantity of the sidistance cluo- 
matogiaphed. Thus, a reasonably accurate estituation of the tiuaniity of a sub- 
stance of unknown concentration may be obtained by develoiiing on the samr 
c iroviatogram a senes of dilutions of the unknown and a series of dilutions of 
kno,v„ coucc,ura„o,„. The, .vhcTc a .spol of unknown .oncvntralion . 

spot of known concent, anon wah respect to area anti densi,,. „f colo,-. i, Ve 
assumed U,at the <inant,ty of nraterial in the ■'unknown- is e,|nal to I t^, • 
standard. It ,s important that the sa„u- vohwm of s„h,tun, , ,otl, ‘ , , 

unknown) be used throushoui. 11 volumes of varying sire a,e it ' "l 
areas of die spots will vary irrespective of the concentrmion of tl,e , , t 'ncc 1, 
test. In pract.ee, volumes of 1 H. to 10 ab are the most sa.isfacior y. 

■10 Kalyankar, G. D., and Snell, E. E., Nature, 180, 1069-1070. 1957. 
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METHOD II: MAXIMUM COLOR DENSITY 
ON ONE-DIMENSIONAL CHROMATOGRAMS 
During the investigations on amino acids and amines, it was observed that, be- 
cause of the symmetrical nature of the color density curses, accurate icsults could 
be obtained by reading the concentration of the tinknown material directly fiom 
calibration curves prepared from the maximum color {lensities of the statulard 
solutions. 

The quantitatisc estimation of colored substances directly on the paper after 
one-dimensional paper chroinatogniphy is more accurate than on t\sO'dimensiunal 
cliromatogiams. as both the standards and unknowns arc placed on the same sheet 
Alfplicalion of Sjiots.—'VUc method of application and the description of the 
types of ]>ipcts used are given in Block, Durrum, anil Zueig.^^ 

/*nper C/jrom«togrnp/iy. 

Groii]) A.— Paper: Whatman No. I. Size: 18x11 in. (long), ascending. 

Sohent: CqH>.OH:II., 0 =: lUO ml. of 88% ]i(|uid phenol plus 20 ml. of H^O. 
A small (piantity of S-hydroxyquinoIinc is added to the phenol before the 
addition of the water. Beakers containing 10 ml. of 1% NaCN and 50 ml. of 
3% NILOII arc placed in box. Treat hydrolyrate spots with vapors of 1:4 
NH4OH for 4 mitiutcs. 

Pipet: 2,5 X (if necessary 1 X). 

Length of Run: 25 cnt. 

Color Reagent: 0.25% ninhydrhi in acetone. 

Standards: 2, 4, G, and 8 ;iM./inl. (if necessary I mM')> 

Unknown to Contain at Lowest Level: 


;\spartic acid. . 

«/ 

0.25 

0.20-0.60 

mg./ml. 

Ulutanuc acid 

• ft/ 

0.33 

0.20-0.50 

mg. /ml. 

Serine . . 

ft/ 

0.43 

0.20-0.43 

mg./ml. 

GK'cine 

■ ft/ 

0.48 

0.12-0.30 

mg./ml. 

Threonine . . 

■ 111 

0.55 

0.20-0.50 

mg./ml. 


Group B.— Paper: Whatmati No. I. Size: 18x11 inches (long), ascending. 
Sohent: l-Butanol:acciic:w3icr == 450:50: 125 \ol./vol. 

Pipet: 1 X (if necessary 2.5 X). 

Lctigth of Run: 23 cm., dry, and rerun tlircc times for 23 cm. 

Color Reagent: Ninhydriii. 

Standards: 2, 4, 6, and 8 /iM./ml. (if nccess.iry 1 mM-)- 
Unknown to Contain at Lowest Level: 


Cystine J{/ 0,12 0.20-0.50 mg./ml. 

Lysine Jif 0.18 0.25-0.60 mg./ml. 

Histidine R/ 0,22 0.25-0.60 mg./ml. 

Arginine R/ 0.26 0.25-0.70 mg./ml. 

Alanine R/ 0.45 0.14-0.40 mg./ml. 

Tyrosine R/ 0.60 0.25-0.65 mg./mk 

Phenylalanine. . . R/ 0.80 0.30-0.70 mg./ml. 

Isolcucinc Rf 0.82 0.30-0.55 mg./ml. 

Leucine R^ 0.85 0.30-0.55 mg./ml. 


Group Bo.— Iso-Amyl alcohoLpyridinelwaterldiethylamine = 50:50:35:2 vol./vol. 
in the presence of NaCN and aqueous phenol may be used for valine, medii- 
onine, tyrosine, isoleucine, leucine, and phenylalanine. 

Length of Run: 23 cm., dry, and rerun twice for 23 cm. 
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Group C.-Papcr; S. S: S. 598. Si/c: IS x ! I iu. (bug), ascending. 

Solvent; I-liutanol:acetic ncidiwiter = 250:00:250 vol./vol. 

Pipet: 5 \ (if necessary 2.5 X). 

Length of Run: 25 cm. 

Color Reagent; Dia/otized sulfanilamide. 

Standards: 2, 1, 0, and S /iM./ml. 

Unknown to Contain at Lowe.st Level: 

Histidine.... /^/ 0.17 0.30-0.70 mg,/ml. 

Tyrosine it/ O.-IO 0.20-0.70 mg./ml. 

Group D.-Paper: S. & S. 598. Si-te: ISx II in. (long), a.scending. 

Solvent: MiulanoLacetic acid: water ~ 150:50: 125 vol./vol. 

Pipet: 5 X (if necessary 2.5 X). 

Length of Run: 25 cm. 

Color Reagent: Platinic iodide in acetone. 

Standards: 1, 2, I, and 6 /rM./ml. (if nece.ssary 8 /*.M./ml.). 

Unknown to Contain at Lowest Level: 

.Methionine.... A’/ 0.50 0.15-0.60 nii'.yini. 

Group E.— Paper: Whatman No. I. SLe: 18, \ II in. (long) or 18x20 in. (long), 
ascending. 

Solvent; l-liutanol'.acetic acuLwater ~ 150:50: 125 vol./vol. 

Pipet: 5 X. 

Length of Rutt: 25 cm, for proline only: Ui cm. for proline anti hydioxy* 
proline. 

Color Reagettf. 0.2% isalin in acetone. .After spraying, ;u‘r iliy, pni sheets in 
oven at 70° to 7(i°C. for 10 minutes. Oven to he saiur.iied with M.X) 
vapors. For hydroxyproline, counter.spray with tolor teagent F. 

Standards: 1, 2, •!, and G ;i.M./nd, 

Unknown to Contain at Lowest Level: 

Hydro.\yproline A/ 0.20 0.25- 0.60 nu;, /ml. 

Proline 11 / 0.30 0.I0 -0..30 iiu;.'/ml. 

Group F.-Paper; Whatman No. 1. Si/e; 18x11 in, (long), ascending. 

Solvent: 2-Buianol: 3.8% NH.j = 150:50 vol./vol. 

Pipet: 2.5 X or 5 X. 

Length of Run: 25 cm. 

Color Reagent: p-Dimethylaminobenz.'iUlehvde (I g.) in a mixture of 10 tni 
of concentrated FICl and 90 ml. of acetone. Prepare fresh just before n.se! 
Standards: 2, 4. 6, and 8 mM./iuI. 

Unknown to Contain at Lowest Level: 


0.25-0.80 nig./mi. 


Tryptophan It/ 0.60 

Group G.-Paper: Whatman No. 3. Size 18x22 in. (long), descending 
Solvent: 2-Butanol:3.3% NH, = I50:G0 vol./vol. (3.3% NH,. is incpared bv 
d,lut.„g 60 ml. ot .V NH,OH .o 500 Inl. '.WU, vvac ■) 1™ k 

o£ bromocresol purple placed at the ttartiug li„e perutits one to tolloK the 
tleselopment as the solvent ts allowed to drip olT the p.iper. Bromocresol 
purple moves slightly ahead of phenylalanine. Uiomocusol 

Pipet: 1.0 X or 2.5 X. 
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Length of Run: Tiie bromocresol green should travel 15 cm. be)ond the origin. 
Color Reagent: Ninhjdrin, 

Standaids: 1,2.-!, G. and 8 /iM./iul. 

Unknown to Contain at Lowest Level: 


Lysine 
Arginine. .. 
Tyrosine 
V.ilinc . . 

Methiunme. . 
Isulcucine . . 
Leucine 
I’hrnyl.ilaitinc 


0.25-0.60 mg./ml. 
0.25-0.75 mg./ml. 
0.25-0.65 ing./in!. 
0.20-0.50 mg./ml. 
0.30-0.90 mg./ml. 
0.30-0.60 mg./ml. 
0.30-0.60 mg./ml, 
0.30-0.75 mg./m!. 


Replicatiun.— Four to six replicate spots arc usctl for each level of standard ami 
three or four levels of the unknown. Each sheet should have at least one appli- 
cation of each level of standard. The results arc then averaged and tlic concen- 
tration of the unknown is read from the standard curve or calculated by the 
method of least stpiares. When the spots arc applied 2 cm. :iparl, then 22 appli- 
cations lUJ) be made on a single sheet 18 in. wUlc or 88 applications on i sheets in 
a single atjuarium. It is :Klvisahlc to use the same pipet for the application of 
standards and unknowns. 

When six or more proteins arc analyzed simultaneously, it is advisable to stagger 
the jpplic:itions of st.imlards 4md unknowns over the sliect in order to avoid hav- 
ing the same material always located near either end of the sheet. 

Mctliod of Reading.— All amino acids arc roughly outlined in pencil using trans- 
muted light (X-ray viewer). Tins facilitates centering eacli spot on the densitom- 
eter for the iletcrmination of the maximum color density. In the c:isc of methio- 
nine (Group D), the amino acid is revealed by the bleaching of the platinic iodide 
reagent. The area of this bleached spot is proportional to the logarithm of the 
concentration of methionine provided that the volumes of the unknown ami 
standard applied to the paper arc identical. 

Calculations.— The average dcnsiiometric readings of the standard solutions are 
used to prepare standard curvex 

Comment.— The reproducibility of this proccduic is in the order of ±5% vvhcii 
two hydrolyzates of the same protein arc analyzed on the same chromatograms. 
Further discussion of the errors is given in Block, Durrum, and Zweig.** Fowler 2 * 
has reported that the logarithm of the spot content is a constant function of the 
logarithm of the spot length on G-mm. strips of paper. 


METEIOD III: QUANTITATIVE DETERMINATION OF DNP 
AMINO ACIDS 

Dinitrophenylaiion is clfectcd (juantitatively by stirring 
an aqueous solution of the amino acids (20 to 30 mM- in 3 ml.) with a slight excess 
of l-nuoro-2,4-dinitrobcnzcne (FDNB) for 80 minutes at pH 0.0 and -10'’C., U»e 
pH being maintained at this value throughout this period by iniermitlcni addi- 
tions of standard alkali. Excess FDNB is then extracted with ether, the solution 
is acidified, and the DNP amino adds are extracted into ether (5x5) ml.). The 
aqueous solution, whidi contains DNP arginine and a-DNP-hislidine, is diluted 
to 10 ml. 

27 Fowler, H. D., Natuie, 168, 1123-1121, 1951. 

2SLevy, A. L.. Nature, 174, 126-127, 1954. 



037 


ANALYSIS OF FROTF.IN MYDROLYZA I hS 

CHROMA TOCRA RH Y 

AlJparntus and Reagents. Papcr.-Wliaiinan No. I. ,,, r i-r i 'i,>l 

Solvaits.-Toluonc:chIoroctl.aiiol:p>riainc::O.S A anuno.ua !(».(...}.<» vol./%ol. 

and 1.5 phosphaic butL.-. NaHA’O, plus 0.5 M Na.JIl’O,. 

Procedure.-^ 2-ml. aliquot of the ether solution anti a l.t) inl. aliquot of the 
water solution are ne.'cL applied to atljacent corner,-, of an I.S! J;s22L ni. sheet of 
Whatman No. 1 filter p.ipei'. which is then irrigated by the .iscendin.q piof.eduie 

with the toluene:chloroethanol:pyridinc:annnonia. 'llie chiomatogiam is dried 
for 3 to ‘1 hours at anti the spots tluc to DXl’-aijtiniue .ind .i-DNI' histitline 

are excised at this point. The paper is then run in the setonti tliincnsion l>y the 
descending proceduie with atpieous pln.sphate Iniller. .Ml the ethei soluble D.NI'- 
aniino acids are thereby separated except DNP-leut iiie ami isoleiitine. The pod- 
cions of DNP-iryptoplian and di-DNP-histitline tointitie. but this does not present 
a dUFiculiy in practice, since the former amino acid is not normally pvesent in .uid 
hydroly/ates and the latter amino acitl is tleteiminetl as its moiio D.NP deiiv.uive. 

The spots are cut out anti droppetl into a set of lal.eled test luljes; thiee Idanks 
are also cut from each .sheet, l-’tmr niilliliteis ol water .ire pipetted into eath of 
the tubes, which are then phicetl in a water liath at 55' to (iUNI. for 15 ininutes 
to allow complete elution of the coloi’. .After an .idtlitional 15 minutes to allow 
the .solutions to tool tt) loom temperature, they ;ire smeessively det anit tl into a I tm. 
(juart/. cuvet, ;uul the optical densities at ;id0 m.n (;!85 nm in tin? i.ise of D.NP- 
proline) arc read in the Heckman Afodel DU speruopliotometer against a w.tter 
blank. The optical density reading of the tul.es containing blank p.iper is P.Odl 
to 0.002 per square centimeter, and the app.opriaie rortections are made for each 
spot according to its estiimited sue. 

Calculations.— The resulting ojnical den.sity ratios of the D.NPamino acids ate 
converted to molar ratios by multiplying by the following factois. whidi, ssithin 
the accuracy of the method are independent «)i the composition of the 

mixture analyzed: .Asp, 0.09: Glu. 0,91; Cy.S.S. 0.50; .Ser. 0.97: Thr. 1,02: Clly, l.o.t; 
Ala. 1.09; Pro, 0.93: Val. 0.99: .Met. 1.21’; i.eu and Isoleu. 1.10; Phe. 1.03: Tiy, 
1.51; Lys, 0.6-1; Mis. 1.62: Arg, 1.06. When the chromatogr;nns are tun in tiipii- 
cate, the molar ratios arc found to be reproducible to within 2 to 'rvrosine 

is subject to lather wider variation. 

COLUMN CFIROMATOGRAPHV ON ION EXCHANGE RE.SI NS 

Introduction—ln 1951 Moore and Stein dcscribetl a procedure for the chto- 
niiitogi.iphic separation of mixtures of amino acitbs by eltilion an:tlysis on syn- 
thetic ton e.xchange resin. The procedure permits :iccurate determination of the 
commonly occurring amino acids in acid hydroly/ates of proteins. 

Primary emphasis will be placed on the experimental details of the ion ex- 
change method and ics u.se in amino acid analy.sis of proteins. ()nlv a few 
pertinent articles will be cited ;is illusUative of the earlier developments in 

of amino acids. Reviews of the subject by Wieland 
(1943), Maitin and Synge ^ (194.5), d'lselius-u (1947). Hlock:'- ‘(1949). and 

30 w?el'.nrf -r’ ■*' 603-681. 1951. 

30 UieKintl, T., Die Cheime, 56, 213-‘M5 1943 

‘V’ '".'’'“‘y'' aic’n.. 3, 07-93, 1917. 

10.. EKcManBc f-iool'O.I, E- C, (cd.), 
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Samuelson 53 (1953) may be consulted for additional information. Kitchener** 
(1957) has presented an excellent resiew of ion exchange processes. 

QUANTITATIVE DETERMINATION OF AMINO ACIDS 

Princi/de.— A mixture of amino acids {ca. 2 mg.) is added to a 0.9- by 150-cin. 
column of Aniljcrliic IR-120. The neutral and acidic amino acids are eluted by 
buffers. The efllueiit is collected b) means of an automatic fraction collector in 
2-ml. portioiis in optically c.ilibr.ited tubes. The amino acids emerge in a definite 
sequence, well svp.ir.tied from each other. Ninhydrin reagent is added to each 
tube for spertrophotomeiric determination of amino acid conccniratiun. Summa- 
tion of the qiiamitics of .imino .tcid found in the .ippropriatc group of tubes gises 
tile yield of e.ith amino acid. The recoveries are (luamitativc (100 ± 3% on tlie 
avcr.ige). The b.isic amino acids arc determined (|u:intitatively with equal ac- 
curacy in a separate experiment on a 0.0- by 15-cm. column of the rcsin.->***5 

Equilwient nml /frngeiitJ. Fniciion Collector.— Any one of several commercial 
fraction collectors may be used. .-\ capacity of two hundred 18- by 150*mm. tubes is 
desirable. 

Spectrophotometer.— ,\n nistritmcnt such as the Coleman Junior or the Beckman 
Model B speciropliotomcter. wherein diteci rcatliiigs of optic.il density in 18- by 
130 mm. test tubes may be ina<!c. is nccticd. 

Calibration of Test Tubes.— matched set of at least 100 test tubes (18 by 150 
mm., without lips) should be calibrated as follows: Prep.ire a solution of methyl 
red in U.U3 A' MCI of such strength as to give a reading at 525 m^ of O.C to 0.7 
on Uic optical density sc.ile against a water bi.'iitk.*^ Aild 5 to 10 ml. of the solu- 
tion to each luhc. and select only those tubes which rc.ad within 0.005 unit of the 
same density value. Mark pcrm.iticntly the side of the tube facing the light source 
and align the tube in the same way each time it is read. Number the selected 
tubes with a glass marking tool. 

Aluminum caps are conveuiciit covers for the tubes during the course of analysis. 

Boiling ^Vaicr Bath.-This bath, for iiinhydrin color development, should be 
la^gc enough to hold a rack of 50 tubes immersed in vigorously boiling water to 
a depth of about 5 cm. 

Constant Temperature, Circulating Water UaiJi.— This is retjuired to maintain 
die temperature of the column at 50* and 75” ± 0.5”C. 

Pipetting Madiinc.— .Mdiough such a device is not essential, it saves mucli time 
in tlispcnsing reagents. 

Buffers.- The bulfers are prepared in quantity and are stored in the cold with 
thymol or with 0.1% wi./vol. or 0,05% wt./voL phenol. 

Sodium citrate bullers of dillerem pH may be prcpaicd from data contained in 
Table 27-2. 

Thiodiglycol (TG) is added as an antioxidant to prevent losses of methionine. 
It may be purciiased in purified form fiom Pieice Chcmic.il Company (Rockford, 
III.) or purified by the redistillaiion under reduced pressure of Kromfax solvent 

33SamueIson, O., Ion Exchangers in Analytical Chcmisti-y. lolm yViley and Sons, Inc., 
New York, 1953- / j ^ 

3* Kitdiener, J. A., lon-Exdiange Rc«ns, Methuen. London, 1957. 

36 Moore, S., Spackman, D. H., and Ste»n. W. H., Anal. Chem.. 30, 1185-1190. 1958. 

30 Instead of the methyl red solution, the more stable solution of 0.12 A/ CoCl 2 ’H 20 in 
0.25 N HCl at a wavelength ot 515 is preferable for these calibrations (Dr. W. G. 
Gordon, unpublished). 
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Tadle 27-2. PuuPAitiUiON* ot“ Sodium CmiAri: Bufekks 


pH 

i 

Sodiunt 

Concen- 

tration 

A 

i 

Citric 

Acid 

H,0 

g. 

NaOH 

(^7%) 

S- 

HC! 

(cone.) 

ml. 

Pinal 

Vul- 

uirre 

liters 

i 

Phenol 
.-\ddcd 
to Pinal 
Vol- 
ume 

g. 

1 

1 

> 

1 

TO i 

mb, !. 1 

: ! 
i i 

I I 

) 

1,... ! 

BRfj 

rnb/b 

3.25 ± 0.01 

0.20 

840 

j 

330 ‘ 

426 

40 

40 ^ 

10 1 

. , { 

5 

4.25 ± 0.02 

0.20 

840 i 

330 

188 

40 ! 

40 

10 

s 

5.28 ± 0.02 

0.35 

491 

288 

136 

20 

20 


5 

4.26 ± 0.02 

0.38 

332 

312 

307 

20 

20 


5 

6.50 db 0.05 

0.28 

133 

78 

6.3 

5 

5 


5 


(Carbide and Carbon Cheniit;d.s Corporation) or tctlinital 2.2’-lliiodiclIianol {li.M- 
man). BRIJ .1.’) (.Vilas Powder Company. Wilminj^ton, Del.) is a lu tnial. .slaiilc 
detergent, which (lermits faster flow during elution. Dissolse oD g. of BlUj in 
100 ml. of H.jO for the .stock solution. Both 'PC, ami the BlUJ solution ate 
added in the stated (piamilies to several liteis of the bulicr shortly befoie use. 
not to the -lO-l. tpiantities that are to be stored. BRIJ 'Mi tan be omitted il it in- 
terferes with the action of the fraction collecting device. 

If adjustment of pff is necessary, the addition of 1 ml. of aO' j, NaOU or 2 mh 
of concentrated llCl to the final voUunes listeil above t.mses a change of about 
0.01 pH unit. 

Buffer for immediate use is kept iti a 500-nd. sepataioiy funnel littetl with a 
stopcock clamp and connected to the top of the column as picviousiy described. 
In order to prevent the formation of Irubbles in the lesin bed. which wotdd occur 
as a result of the rele.tse of air when the buffers are heaital to 5(PC., .i .'>00. ml, 
(juantity of the buffer is Inought to a boil and added while Iioi to a sep.nalorv 
funnel. About 50 ml. of mineral oil is layered over the buffer. long-.lem 
funnel is employed to introduce the buffer below the level of the oil. Individual 
separatory funnels are reserved for each of the three buffers and for the 0.2 A' 
NaOH (see below). 

Methyl Cellosolve.-The reagent (pero.\ide-free grade) should be clear when 
mixed with an equal volume of water (test with 10% aipieous Kl). .Storage in the 
presence of zinc-copper couples will keep the reagent peroxide-free. 

Ninhydrin Solution.'iu 3 s_a sodium acetate buffer. pH 5.51 i 0 OS is ore- 
pared from 2720 g. of NaOAc-3H.O iir 2 1. of water. 500 ml. of glacial acetic 
acid, and water to 5 1. I-irral adjustment of the pH is made with solid NaOH 
or glacial acetic acid. 

Dissolve 20 g. of rrinhydrin and 3 g. of hydrimlantin in 750 ml of mcthvl 
CeUosolve, and add MO ml. ol pH 5,5 b„ir«. Store in a d„rlt bouL under n ' 
Diluent Solutron.—Lthaitol: water = 1:1 vol./vol. 

i’ If-'' rl- J- Chen.. 17G, 3(37-38K. |<)t8. 

Moore, S., and Stern, W. H., J. Biol. Chcni., 211, 8y3-i)0(), 1051, 
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Resin.— The finely ground sodium salt of Ambcrlitc IR-120 (Rohm and Haas 
Company, Type II. finer than 200 mesh) is used. 

One pound of the resin usually supplies enough material for two 0.9* by 150 cm. 
columns and one 0.9- by 15-cm. column, but it is desirable to have on hand at 
least 2 pounds of starting material. 

Separation of Particles of Appropriate One pound of the dry sodium 

salt of the resin, as purchased, is transfened in a hood to a jar containing about 
lU 1. of water. Resin present in any fo.ini that remains after the initial stirring 
of tlic mixture tan be transferred to a beaker, treated with a little acetone, and 
added back to the main suspension. After thorough distribution of the resin in the 
water, tlie mixture is allowed to settle for about G hours. The supernatant sus* 
pension, which contains very hue particles of resin, is withdrawn by suction, 
llic resin is suspended and resettled 3 or -1 times. The product is then trans- 
ferred to a large Buchner funnel and washed slowly with 2 I. of 1 N HCl and 
500 ml. of water. The moist resin is suspended in 2 1. of 2 X XaOII. and die 
mixture is hcatcil on the steam bath for 1 hour. The resin is finally collected on 
a Buchner funnel and washed with water until neutral. 

The final test of die suitability of a resin is the performance of a column pro 
pared from it. If a column is too tight, it may be necessary to repeat the hj- 
draulic fractionation in order to temove a small percentage of the finest particles 
from die resin. If the resolving power of the column is deficient, some of the 
coarser particles need to be removed. 

Fractions of resin that are to be stored for later use may be suspended in 0.2 ;V 
NaOH and kept in polyethylene Ixsttlcs at •l*C. If moist neutral suspensions arc 
stored at room temperature, contamination by molds may occur. 

Chromatograph Columns.— Zcchmeislcr-Cholnoky type, with ground joints and 
coarse sintered glass plates; glass tubing 0.1) cm. itnicr diameter, 1.5 to 2 mm. wall 
thickness: length of tubes for 150-cm. resin column. 1C6 cm., and for 15-cm. resin 
column, so cm. 

The tubes are j.tckeied to permit temperature control by circulation of water 
fiom the constant temperature bath. 

Preparation of Resin Columns.— The 150-cm. column lo be used iv/ih fraction 
collectors is poured with resin of the powdered Ambcrliie lR-120. The average 
diameter of the particles in this fraction is 5G ± 9 microns. About 100 ml. of set- 
tled resin arc required for cadi 150-ciii. column. 

The resin to be used is washed on a Biidmer funnel with 1 liter of -1 N HCl per 
200 to 300 ml. of settled resin in order to remove metal ions. After a wash with 
water, 2 N NaOH is percolated through the resin cake until the filtrate is strongly 
alkaline. The sodium salt of the resin is washed with water and then with several 
hundred milliliters of 0.2 N buffer at pH 4.25 without BRIJ 35 or thiodiglycol until 
die filtrate is about pH 4. The columns are poured with a suspension of reshi in 
this buffer. The composition of the slurry should be sudi tliat tlie volume of 
die supernatant buffer is twice that of the settled resin. If the handling of die 
resin has caused the formation of small amounts of very finely divided material, 
the resin should be settled 2 or 3 times from about 6 to 8 volumes of the buffer 
until the supernatant liquid is practically free of suspended particles. 

Hamihuii has described a useful hydraulic procedure for separating and grading the 
resin particles. See Hamilton, P. B., Anal. Chem., 30, 911-919, 1958. 
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To prepare a column for use. suspend the washed resin in ahoiu twice its vol- 
ume of bulfer, pH 1.25 wititout detergent. Allow u to settle and remosc an> 
bubbles by gentle stirring. Pour the slurry into the chromatograph tithe in a or b 
portions of about etpial volume using a funnel with a bent, tonsuicied up to 
direct the flow of slurry against the side of the tube. Before the Inst section is 
poured, the outlet of the tube is closed. As soon as the slurry of resin has been 
poured in. the outlet is opened and about 2 cm. of lesin bed are allowed to 
form under gravity How. Air pressure of :») cm. of mercury is then apphetl at 
the top of the tube. I'he pouring is done at loom tempei.ituic. After the resin 
has settled to constant height, all of the supernatant bulfer is withdr.vwu by sut- 
tion and the next section is poured on top of the firm surface. Alter the thiitl 
section has been added, a O.fl- by -lU-im. extension tube is attached to the lop 
of the chromatograph tube by means of ;i butt joitit held by about O.H'Cin. i.d. 
rubber tubing (or through scmiball joints), 1 he iinal height of the lesin 
should be several centimeters greater than lot) cm. in order to allow for some 
further packing during operation. 

Before use, a new 15U cm. column shouUi be washetl with t),2 S' N'.iOM and 
equilibrated with boiled bulfer at plf :5.25. as described below for the regeneration 
of the columns. Both operations are carried out at room temperature befote 
the temperature is raised to atPC!. 'Phe rale of flow at uO'C. should then be 
checked. If the column is too tight to permit dcliveiy of 12 ml. of effluent per 
hour under 20 to 10 cm. of pressure, the resin is witluliawii from the tube and 
some of die finest particles must be removed fiom the lesin by settling or by 
refraciionation, and the column rcpoiired. If file column peimits a inutli f.ister flow 
rate than 12 ml. per hour at 20 cm. of piessure, a lest clnomatogiam may be lun. 
but the column is likely to be too loose to give the desired resolving power. Klo' 
lation to remove more of the larger particles would then be reipiired. Once 
a column of resin possessing the desired panicle si/e is obtained, it can be useti 
indefinitely; adjustment ol liie particle si/c distiibuiion is thus not a rerurring t;isk. 

The 15-cm. columns are poured similarly, in one or two sections, with resin that 
has been slurried in 0.:15 N bulfer at pH 5.2H. All tolnmns sliould be prcp.ircil 
in bulfer with the same ionic strength as liiat with wliich they will be oper.ited. 
Since the resistance to flow through the 15-cm. columns is never great, it is advan- 
tageous to pour these from fine resin (average diameter 10 microns) in order to 
obtain high resolving power. The coliium is equililnaieil before use with boiled 
buffer that contains BRIJ S5, 

Attach a separatory funnel (about JOO-ml. capiiciiy) ;is a lescrvoir for appro- 
priate bulfer to the column wiili a lengtfi of plastic tubing so that the funnel may 
function as a leveling bulb. Run about 100 ml. of biiller ihrough the column 
It is then ready for use. 

Procedure for Photometric Ninhydrin Method.^'. ".-To 2 ml. of amino acid solu- 
tion at about pH 5.0 add 1 ml. of ninhydriii solution. Place alumimim caps on the 



vol./vol. 2-prop:inol 


-fi, I I 1 ‘''“1 inuncdiaiely add 5 ml of 

The colored soliu.on can be further dilutalAvith 50- ‘ vol.Acil 


2-propanol if desired. See Rosen. H.. Arch. Biochem. Bi^^hys:; S. 


10-15. 1957 
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tubes and mix by gentle shaking. Heal in vigorously boiling water bath for 15 
minutes. Allow to cool for a few minutes and add 5 ml. of 50% \ol./vol. ethanol. 
Shake well for 1 minute to rcmo\e the reddish hjdrindamin color. Read in die 
spectrophotometer beginning at about 15 minutes after removal from the baili, 
using ‘HO m/i for prolinc and hydroxyprolinc and 570 niM for all other amino acids. 
Read reagent blanks against the diluent. Select avemge reagent blank, set instru- 
ment to zero on this blank, and read unknown. The reagent blank reading should 
be about 0.15 to 0.20 on the optical density scale. Analyses should be run in 
groups of not more than 50 tubes to peimit readings to be completed within 1 
hour after the heating period; during this time readings remain essentially constant. 

When optical density values at 8.U ml. total volume are too higii for accurate 
reading, further additions of one. tvs'O. or three 5-ml. portions of diluent solution 
are made, the average reagent blank is diluted likewise, .ind readings are taken 
at 13, 18, or 23 ml. If leadings at 23 ml. arc still too high, alitiuots of unkuovMi 
and blank are pipetted into other calibrated tubes and further dilutions arc made. 

Leucine Calibration Curve.— On a molar basis the amino acids do not give the 
same color yield in tlic ninhydriti reaction. However, only one calibnition curve is 
required because accurate color yields relative to leucine have been established. 
Relative to the leucine color value at 570 m^ taken as lUU, the color yields per 
mole for other amino acids are:” Hydroxyprolinc 8 (-110 x); aspartic acid 91: 
threonine 91: serine U5: glutamic acid 99: pioiine 22.5 (IIU X): glycine 95: alanine 
07: half-cystine 55; valine 97: mcilnontnc 102: isoleucinc IDU: tyrosine 190: phenyl- 
alanine 100; tryptophan 01: histidine 102: lysine 110: ammonia ca. 97; and arginine 
101. Spcctiophoiomctcr readings taken at -MU him for prolinc (and for hydroxy 
proline, if present) arc first converted to “micronjolcs leucine," using the leucine 
calibration curve at 570 him employed for the other ;nnino acids; these values arc 
then divided by the above color yields to give micromoles of prolinc or hydroxy* 
prolinc. 

Prepare a calibration curve, plotting micromoles of leucine against optical density, 
with a sample of leucine of established purity. Use n(|ueous solutions of the amino 
acid at several dilfcreiit levels of concentration, vvithin llic range U.05 to 0.20 
of feucine per 2-mI. afiquot. This is a convenrent langc for ninhycfn’n color 
development by the above procedure in a total volume of 8 ml. Once ilie stand- 
ard curve has been confirmed by replicate experiments, a standard table rcl.iting 
optical density to micromoles of Icuciitc may be prepared, and from these figures 
further tables may be calculated of total volumes of 13, IS, and 23 ml. for higher 
concentrations of amino acid. 

Operation of 150-On. Columns.— With the prcpaied column in place above the 
fraction collector, begin circulating water at 5*C. through the jacket about an 
hour before the start of a run. Heat to boiling about 300 ml. of biilfer of pH 
3.25 to free it of dissolved air, pour the wann buffer into the separatory funnel, 
and cover the solution vviUi a thin layer of mineral oil. Add ibc s.iniple of amino 
acid solution to die column with a 1- or 2-ml. pipet with bent tip so as not to dis- 
turb the surface of the resin. When die sample is drained into die resin, wash 
down in the same way widi 3 successive 0.3-ml. portions of buffer, and finally 

If the collector is of the Teclmicon type, with the tubes housed in an enclosed cham- 
ber, it is well to circulate a slow stream of amnioiiia-frcc air through the chamber; shal- 
low dishes containing citric acid solution may also be used on lop of the rack to miniiuire 
absorption of ammonia by the acidic eluate. 
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hver about 2 ml. of the buffer ai)ove tltc surface of the resin. Do not ^'” 0 ^ ‘'*‘- 
surface of the resin to dry out duriuK tiiese operations. pH of the annno au 
solution should be more acid than that of the buffered column* about o . 
be n-' optimal. Usually, a charge ol about 1 to 2 mg. of total ammo acul nurture 
b huroduced for a chromatogram, but several times tins quantity is permissible 

and is recommended for more accurate ' 

small concentration 
Connect the 

column to about 1 ml. per * .. , , 

or by using slight air pressure. Collect the ellUieni in '--ml. ftaitions 

An eluate at pH -1.2;) is introiiuced at a time designed to allow valine to enieigc 
with the new’ buffer, l lie change is made at an effluent volume 2.15 times that at 
which the aspartic acid peak has emerged, or about 2r)f) mb ,\t a flow i.ite of 12 
to 1‘1 ml. jier hour, this point will have been reached on the day after the column 
has been started. By the following morning, tyrosine and {ihenylalaniiic will have 
emerged. 'Ihe amino acids may all be eluted somewhat moie slowly or luoie 
rapidly if the chromatograph tube has a diameter sliglitly diflereiU from 0.9 cm. 

The position of cystine is extremely sensitive to pH, and it is necessary for the 
user to determine by experiment what the exact pH value of the initi.il buffer 
should be so that cystine will be eluted about midway between alanine ami valine. 
Subsequent lots of the buffer should be adjustetl as closely as possilde to this (dl 
value, checking with a sensitive pH meter ami using as reference hutfer stumlarcl 
0.05 M potassium acid plithalate at pH -bOO. 

To prepare the 150-cm. cohiiim for reuse, the Itasic amino acids that aie let.iincd 
by the resin are eluted with 0.2 A' NaOH (containing 5 ml. ol BRiJ :b5 .solution 
per liter). The alkali can be allowed to run through iiiulcr gr.ivity How ovet night, 
or under a few centimeters of pressure until the visible ailvancing front of XaOH 
is more than halfway down the column. Tlie NaOH solution is not boilctl or 
stored under oil: die funnel should he stoppered when not in use, so as to mini- 
mize uptake of CO^. The coluinn is le-eqnilibratcd for the iie.xt analysis by pass- 
ing through it overnight at room temperature or 5U‘C. about !‘2<J nil. of IniHcr 
at pH 3.25. If two 150-cm. cohimiis are on hand, one tan always bo roadv for use. 

If the surface of tlie column hccomcs dogged at any time, remove the tup ceiUt- 
meier of resin and replace it with fresh resin. Never allow the resin to dry out. 

Operation of 15-Cm. Column.s.-.\ 15 cm. column tan he operated on the fraction 
collector during the day, after a 150-cm. tolunm has been removed. For the deter- 
mination of the basic amino acids, the aiitpiot taken is etjual to or one-half the 
size of the sample used for the 150-cin. column. Tlie pressure used duri'n- tlie 
addition of the sample should not be more than 10 cm. Flution is carried out ti 
50->C. with a buffer at pH 5.28 and at a rate of 25 to 30 mb per hour. The analvsN 
IS complete after about seventy 2-mb fractions have been collected, which reciuiies 
only 0 to 6 hours. By the dution of lysine, histidine, ammonia, and arginine with 
a single buffer, it is possible to obtain a constant base line throughout the dir 
matogram It is important that the buffer used to fill the top part of the c 
matograph tube after the sample has been added should be dr , J„ from he o 

nitory funnel comanung the buffer with which the column i.s to be o, er itecl 
Even a few millihters of buffer that cont-iJn -i rr* .• r opciaicu, 

or lower than the main lot can give rise to a should<T n'* *'^ 1 ! higher 

monia peak. Tl.e columns can i'"" 

since the most samples tic not contain any ninhydcjn.posuLe couMitS™ "a 
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greater retardation than arginine. Regeneration, if re<|uired, can be accompHslicd 
with 10 ml. of 0.35 N NaOII containing IIRIJ 35, after whicii 80 ml. of the pH 
5.28 buffer should be run through before the column is reused. 

The position of histidine is fairly sensitise to pH. and adjustment of the buffer 
at pH 5.28 may be retjuired to center the peak between those of lysine and am- 
monia. 

Analysis of Collected Fractions.— Deselop the ninliydrin color in 50 tubes at a 
time. 

Add ninhydrin and develop color as described. In making the optical density 
readings it is important to choose the proper blank against which amino acid con- 
centration is read. Usually a representative bl.tttk can be chosen ftom the valleys 
in the curve. Select the blank for methionine, isolcucinc, and leucine after the 
leucine peak. 

Culculaiion of Results.— Since flic leucine calibration curve is plotted for volumes 
of 8.0 ml., volume coriections may be rc<|uircd in the calculation of results. Al- 
though die fraction collector is set to deliver s;implcs of 2.U 0.1 ml., it is advisable 

to spot check its pcrformatice by weighing every tenth tube in a run before and 
after a fraction lias been collected. An appioxim.ite volume correction can then 
he made for any deviation from I.U nil. In addition, .i concction can be made for 
the volume of acid or alkali used to adjust the solutions to pH 5. Because optical 
density readings are made at a minimal volume of 8.0 ml., these volume corrections 
arc important only when maximum accuracy is sought. 

Corrected optical densities arc convened to "micromoles leucine" and the values 
for each peak are integrated or the sum of all the leadings is used. Use of the 
appropriate color yield then converts these figures into micromoles of amino add. 

Preparation of Samples for Cliromaiograms. Alainiic-Cystinc-VuHnc .Mixture.— 
Tiie order and position of amino acid peaks emerging from the column, while 
quite reproducible under the conditions spcciried, arc rather sensitive to changes 
of pH and ionic strength of the biilfcrs. The position of die cystine peak varies 
markedly with small changes In pH of tin's biilfcr. It is necessary, therefore, to 
check the perfornunce of the builer before use in analysis. 

Prepare a solution in dilute HCI of *1 m-M. of .alanine, 6 ii.M. of valine, and 2 
mM. of cystine per milliliter. Mix 1 nil. of the solution with 1 nil. of buifer and 
add I ml. of the mixture to the 100<m. column. Run the chromatogram with 
the buifer until valine is eluted (about 340 ml,). If the results show the peaks to 
be separated poorly, adjust the pH so that the cystine peak will be better posi- 
tioned midway between the alanine and valine peaks, and repeat the experiment. 

Ammo Acid MixtnTcs.—lt is import.nU to run preliminary chromutogranis with 
known mixtures of pure amino acids in order to establish a routine procedure 
whereby the reproducibility and accuracy inherent in die method can be realized. 
Unknown mixtures should then be analyzed in precisely the same way. 

Prepare accurately a known mixture of amino acids and NH4CI simulating die 
composition of a piotein hydroly/ate. Tryptophan may be omitted because the 
present mctJiod w.as developed for .acid liyd:olyz.itcs. Cysteine m.iy also be omitted 
because, if present, it is gradually oxidized and does not give a peak. The amounts 
of the 17 amino acids and NH^Cl to be weighed out are determined by the follow- 
ing considerations. A total of about I g. of amino acids is dissolved in 1.5 ml. of 
6 N HCI and made to 10 ml. with 10% vol./vol. 2-piopanol. This solution is 
stored in the cold. An aliquot of the solution is diluted 1 to 10 witli pH 3.25 
buffer for the ISO-cm. column, or witli pH 5.3 buifer for the 15-cm. column. A 
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0.2-ml, aliquol ot ihc rcstikiiig solulioii will llicn conuiri alioul 2 iiiB- oi lalal 

amino acids, a quantity suitable for analysis. 

Recoveries of 100 db 3% should be obtained for the majoruy of anmio at u s and 
ammonia. The recovery of methionine is 95%: a small conversion to the sulfostdc 

occurs during the chromatography. . i v. 

Qiumtilative Determination of Amino Acuh by Automatic MctIwiD.-Mooxv. 
Spackman, and Stein have adapted their ion-exthange nieihotl to autoinatic 
equipment which permits a complete amino acul analysis to be pciformed in .il 
hours. This equipment is available from hhoenix Instrument Cumiraiiy. I'hila- 
delphia, Pa., and from Beckman Instrument. Inc.. .South Pasadena, Calif. Ilan- 
nig has developed instrumentation for the automatic analysis of ann'no .ui<!s 
which is sold by Bender and lloheiu, Miniich, Cermany. The method of Pie/ ami 
Morris ■" employing a single column of Dowex resin and a v.'uiable giadient 

elution device for the bullers has l>een adapted by the rechnicon Canjioration, 
(Chauncy, N. Y.) for automatic analysis on CdiromoBeatl resin. l lie 'rcchnicon 
Autoanaiy/er and the Bender and Hobein instrument are. at the piesent writing 
(1962). considerably cheaper than the equipment sold by Phoenix or by Beckman, 
Simmonds has also described semi-automatic ctjuipmeiit for amino acid analysis. 

It should be pointed out that the deteimiiiation of amino acitls using either the 
original Moore and .Stein methods or the more recent automatic equi[mient 
requires considerable experience, and is advised oidy when a l.irge nundjcr of 
samples are to be analyzed. 


COLORIMETRIC .METHODS 

\Vhen it is desired to determine a few amino acids only, the coloiimeiric pro- 
cedures given below arc often easier to carry out than < hromaiogiaplnt or mictu- 
biological methods, .V single example is given for eath amino acid: other pKKe- 
dures are de.scribcd in Block and Bolling and by Block and Weivs.‘ 

ARGININE by .Sakaguchi’s method 

Procedure.-Mi\ x ml. of hydroly/aie -f- .5.v ml. of IL.O -p I ml. 1(1',’,; wt./vol. 
NaOH4-0.1% wt./vol. of a-naphthol. Cool in running water for .5 minutes. .\dd 
1 ml. of diluted NaOCl (proper dilution estimated by trial and eiror) with ,i rapid 
delivery pipet. Read color in the colorimeter. Using three dilleient si/ed ali- 
quots of the hydroly/ate, plot the apparent arginine concentration vs. the concen- 
tration of the protein. The true arginine value is obtained bv e.xtranolation to 
zero hydrolyzate. ' * 

ElISTiDlNE by the Knoop-Kapeller-.Vdler Reaction 

Reagents. Sulfuric Acid, 1. 9-2.0 N. 

Bromine.-Dis,olvc 0.5 ml. ot Br. in 50 ml, of (nl-butanol + 50 ml. ol OIJ. ' 
W../VOI. KBr. More in dork at .R to o'C. Do not keep longer lhan l wt“k, “ 

«Piez, K. A., and Morris, L., .Anal. Biochim., I, 187-201 1%() 

1013-1(H9. 1958. ’ 

Biochem., 2-1, 25-30. 19-19. 

Cl Hunter. A., J Biol. Chein., 196, 589-598. 1952. 

Hunter, A., J. Biol. Chem., 216, .391-39^, 1955^ 
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Sodium Arscniic.--Dissolve 3 g. AsjO^ in 10 ml. of 10% wt./\ol. NjOH and 
dilute to 100 ml. 

Copper Acctnie.— To 90 ml. of fLO add 2.1 ml. of glacial acetic acid, 0.26 ml. 
of 1% tv-i./tol. CuSO^'SHoO and” dilute to 100 ml. Then add 100 g. of 
CHaCOONa-SHnO. Volume = 172 ml. containing 9.6 CuSO^ per ml. 

Procedure.— To 5 ml. of solution containing 0.12 to 0.28 pg. of histidine, add 
0.5 ml. of 2 N H..SO^. Mix, warm to 25*C., and in a dark room add 0.25 nd. of 
biomiiic reagent. Stopper and place in dark at 25*C. for 2}/’ hours. Add five or 
six drops (0.25 ml.) of arsenite reagent, then add rapidly with sh.iking 1.2 ml. of 
acetate reagent. After 11 minutes at 25 ± 0.2*C., dilute with water at lO'C. to 10 
ml., and read with SIO-ium filter against rc.igcnt hl.ink. The red pigment adsorbs 
on tlic glass and rctiuires HNO3 to clean. 

LYSINE^^ 

Procedure. Preparation of !l)diul)xaic and Adsorption of liases.— A sample of 
protein is hydrolyzed with HCl in the usual fashion; the hydrolyzaic is adjusted to 
pH 5 with NaOH and decolorized. An altipiot of hydrolyzatc equal to 30 mg. of 
protein in 25 ml. of water is shaken with 1 g. of Permutit previously treated witii 
0.33 N NaOH and then washed free of alkali witli distillcxl water. The adsorp* 
tion is repeated with a fresh t-g. portion of Penmitiu The Pcnnuiit U removed 
and washed thoroughly with water. The adsorbed basic amino acids arc eluted 
with five 10-ml. portions of 0.33 S NaOH. 

Development of Color.— Aliquots coii(.niiiiig O.I to 0.7 mg. of lystnc arc placed 
in 22- by 200-mni. test tubes graduated at the 25-mI. mark. The tubes arc cooled 
in an ice batii for 15 minutes. Then saturated Br^ water is added drop by drop 
until a permanent color is seen. A<ld three drops excess and keep in the ice bath 
30 minutes longer. The excess Br^ is removed by aeration for 10 minutes and the 
aerating tubes arc rinsed down with 1.5 ml. of water. The tubes arc Uicii placed 
in a water bath at 60*C. for 5 minutes .and 7.5 ml. of 20% wt./vol. NaXOg (at 
60*C.) arc added. The lubes .arc rcmovcxl one at .1 time and 2.5 ml. of Folin's 
phenol reagent^ arc added with mixing. After cooling to room tempemture, the 
solutions arc diluted to 25 ml. and read in a colorimeter with G80-mM filter in 30 
minutes. 

Comment.— Arginine and NH^CI do not give a color, but if histidine is present, 
a correction must be employed. 

TYROSINE AND TRYPTOPHAN 

Reagents. Sulfuric Acid, 5 N.— 25 g. H3SO4 per ml. HyO. 

Precipitation Reagent.- Dissolve 75 g, HgSO^, 55 g. HgClg, and 70 g. Na^SO^ in 
a mixture of 850 ml. of water and 125 g. of H3SO4 (68 ml. H^SO^, sp. gr- 1-84). 
Dilute to 1 liter. 

Washing Reagent.— Dilute the precipitation reagent with an equal volume of N 
H2SO4. 

Color Reagent.— Dissolve 12 g. of HgSO^ and 9 g. of HgCL in a mixture of 600 
ml. of HoO and 100 g. of H2SO4 (54 ml. H2SO4, sp. gr. 1.84), tiren add 500 g. 
more of H2SO4 (270 ml.). Cool, dilute to 1 liter. 

*9 Kibrick, A. C., Arch. Biochcra., 20, 22-24, 1949. 

80 Tyrosine and tryptophan can also be detennined by their absorption of ultraviolet 
light. See footnote 51. 

siBencze, W. L., and Schmid, K.. Anal. Chcni., 29, 1193-1196, 1957. 
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Procedine. Hydrolysis.-Use I lo 3 nil. of 5 A' NaOII per U)0 n,g. of protein 
in -m oil bath at llO” to 125“C. for 5 hours, Ncuirah/,e the hyciiol>/atc witit 3 m • 
o" Tn u%, for each 2 ml. of 5 NaOII usctl. Dilute to a to.tvcn.eul vohnne. 

Filter with the aid of kaolin if necessary. . , 

Separation of Tyrosine and Tryplophan.-lMpel alniuots tonia.ttu.K apinos n 
mately 0.3 to 0.6 mg. of tyrositie into -lO-inl. graduated centtifugc ti Jt--.. . 

water to the 20-ml. mark. Then add G ml. of precipitation reagent aiu plate the 
tubes in a boiling w.iter bath for 10 minutes, Cool the soUuioiis ami add 1 ml. ol 
7 A^ H..SO,. Dilute to -10 ml. with water anti atitl lt» to 20 mg. of di.itoinateous 
earth ("Celite, Johns-Manvillc). Mi>v and centrifuge for a mimites. Four the 
filtrates into Evelyn reatling tidies. Wash the piet ipilate.s with It) ml. of washing 


reagent. 


Centrifuge anti distavi! the washing. 


Determination of Tyrosine.— .Atld 1 ml. of Iks';!;, NaNO^, lo each lidie. .^^iJv aiul 
read after 10 minutes. Reatl tlie tohir against water or an hytiuilyalc-reagetu 
blank with the NuNO._. omitted. Use a 520-uHt filler. Prepare a calibration cuite 
over the range of 0.15 to 0.8U mg. of tyrosine. 

Determination of Tryptophan.— Suspentl the waslieil ity[Uophan nicrtuiy ptetipi- 
tate in 10 mi. of color leagent {Hg.SO,-UgCL) ant! plate llie centrifuge tube in a 
50° to 55°C. water bath for 15 minutes. Ceiiiiifuge. Pour tlie snpein.itanl solu- 
tion into an Evelyn reading Uilie. Wash the pretipiiate with 10 ml. ol ctdtir le.igetil 
and, after centrifuging, add the clear litpiiil to tlie reatling tithe. .Add 1 ml. of 
water. Put the reading tube in the photoelectric colorimeter anti set the g.dva- 
nomeler to the zero point. 'Phen athl 1 ml. of 3,i5*;|, .\aX(>M, mix the sohuion by 
inverting and note the maximum galvanometer dt flection t)r leatliiig at ex.ntly 30 
seconds. Use a 120-111^ filler. In this way each luhe is reatl against its own hy- 
drolyzaie reagent blank, 'flic color fatlcs tpiickly after tlu: atUlitioit of Xa.NO^.. 

PHEM'Ldi.AXIXE-- 

Procedure.— I'riuislcr alitpiois of die hytlioly/ate containing appioximatcly 0.75 
mg. of plienylalauinc and an etpial number ctmiaining twice this auunuu into 
eight 30-cm. procelain evaporating dishes. Evaporate to thyness on the sie.tm 
bath, cool, and nitrate for 20 minutes on the steam liath with 2 ml. of 20'*', wi./vol. 
KNO;{ in conccntratctl When the niiration is complete, jionr the stilu- 

tions into 25-ml. stoppered graduated cylinders, 'fhe final volume of each slumitl 
not be over 12 ml. Cool to 0"C., ami atld 2.5 ml. of 30';^ wi./vtil. .\t f.OU • HCl lo 
tluec of tile graduates of each set. I he lourih is iiscil as die iilank. Cool in iie. 
Dilute with cold concentrated XH,,OH to the 25-ml. mark. Jswiil white adding 
XTfjOH. Careful! Alix and allow the color to tlevelop at room leinper.iture for 
-15 minutes. Filter it necessary before the end of the wailing period. Reatl a-minsi 
the solution to which no XH.,OH-lICl has been added. Use a 5(i0-nm ctilor Idler 
Phenylalanine ranges from 0.5 to 2.0 mg, 

CYSllNh by tlie Wintcrstein-Folin Melliod ■ 

Reagent. Pbpspho-lS-luugstic Acid.-v-i-Dissolve 32 to 33 ml. of 85'>/ Hm io 

150 ml ol H,0 and add 100 g. ol Na,lVO., Boil Urn .oluuonl'n 1 ■ 1 
and dilute to oOO ml. 1 hen add 3 to 5 <>• of \'-i \vn .. i • i ” 

minutes. Oxidize with a little broniine.'olef and bo'il to iemoveU e ex ''' ‘V " 
The reagent should give a negative test tvltl. tyrosine and tvitb urea id„rNaCN 

BJFolin, O., J. Biol. Chciu., lOG, 3U-3M, 193-1. 
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Procedure. H)droI)sis.-Kifly lo 250 ing. of protein :nc hjilrolyzcd under reflux 
with 25 ml. of 18% u-i.Aol. HCl for 5 lo 7 liours or with iiti apul mixture of 18% 
wi./\ol. HCl and 00% wt./\oI. HCOOII for 18 liours. At the end of the Ii>drol)sis, 
the solutions are evaporated to a ihitk sirup on the steam baih. 'I'liis removes the 
excess acid and converts tjstcinc to cystine- The residues are dissolved in vs-anii 
venter, diluted to volume and filtered through soft, dry paper. The solutions should 
react negative to the nitropiusside test. Decolorize with a little carbon (D-irco 
G-60) if necessary. 

Dcieninnuiion.— Two ali<]UOts (U.l to 1.2 mg. of cystine) ate pipetted into aU-nil. 
stoppered graduated cylinders. The sohitions ate brought to the 5-mI. mark vvidi 
water. Five milliliters of saturated NallCO^ arc now added, .\fter mixing. 2 ml. 
of FoHn's phospbo-18-tungstic acid, previously diluted with an equal volume of 
water, are added, followed immediately with cither 1 ml. of water (for the bl.uik) 
or 1 ml. of freshly prepared 10% wt./vol. Xa._jSO.,. The solutions are mixed and 
the flasks are allowed to stand for 8 minutes. At the end of this lime, the solu* 
tions arc diluted lo volume with water and read against the "blank*' in a photo* 
electric colorimeter (photometer). Use :i 520-m>i filter. Range 0.1 to 1.2 mg. of 
cystine. 


by the SuIlivan*.MtCarthy .Method® 

lieageuls. Sodium Nitroprussidc. 10C6 wt./vol.— Grind and make up In H^O 
at room tcm])eraturc. Keep in brown bottle in refrigerator. 

Procedure,— Use U.2 to 1.0 mg. of methionine in I to 7.5 ml. of solution ami add 
HjjO lo 7.5 ml. Then add 1.5 ml. of 5 A' NaOII, 1.3 ml. ol 1% wt./vol. glycine, and 
O.S ml. of Na nitroprussidc. .Mix after each addition. Put in HoO hath at S7*C. 
to ‘10*C. for 13 minutes. Chill in an icc hath for 5 to 7 minutes. Then add 5.0 ml. 
of 6 .V HC! to each tube as it is removed from the ice bath. Let the HCl run 
down the side of the tidic aiul do not mix. Stopper. Place all tithes in a basket 
and shake together for exoctly one winufe. Let stand at room temperature for 15 
minutes and read against water using .i 520-m/i filter. Prepare .i reagent blank at 
the same time. If the bydroly/jite is colored, .idd all re.igcnts except the nitro* 
prussidc and read both reagent and hydiolyzate blanks against water, subtracting 
the two from the unknown. 

SI'Jl/XE .1.\'D rHnEO.\INE 5 

Reagents. Potassium Arseniic, 25 g./lOO ml. of water or sodium arsenite, 22 
g./lOO ml. of water. 

Sodium Hydrogen Sulfite. 2% wi./vol. 

Periodic Acid, 0.5 M. 11 1 g./l. 

Phosphate Buffer pH 7.2.— .Make up as required, 30 ml. of KH..PO4 solution 
(18.156 g./l.) and 70 ml. of NajHPO^ sohuiou (19.536 g./l.). 

Iodine.— Prepare standard 0.1 A' L. 

Starch Solution.— 0.5% in 20% NaCl. Let stand overnight, filter, and store in 
lefrigerator. Preserve with thymol. 

Sodium Hydrogen Carbonate and Sodium Carbonate Saturated Solutions. 

Sodium Carbonate, 5% wt./vol. 

Apparatus.— Flow meter, concentrated HmSO^ trap, 5% wt./vol. NaOH trap, 
oxidizing tube, two bisulfite tubes. Attach two or four adsorption trains in series. 

Procedure. Oxidation of Amino Acids and Distillation of CH3CHO.— An ali- 
(plot of the neutralized hydrolyzale containing 2 to 7 mg. of threonine and 2 to 7 
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ot scriiK- h placed in ll.e oxi.lidnK inl-e. Walc-r L added lo 10 .nl. The fol- 
loceing reagents are added: 2 ml, of arseni.e solut.on, 0 P''"'! 

and 2 ml. of 0.5 M HIO.i with swirling to prevent the formation h- 

pH of this solution rriiisl be approximately 8 after the *'*) "• 

The tubes are connected in series and the ClbiC.IIO is aeiated for j mnn es .i 
slow rate and then for I hour at a fairly rapid rate into 2 tubes each cont.nning 
2 ml. ot 2% wt./vol. NaH.SO;j and 20 ml. of water. ,Vt the end of the ..ctation 
time, the contents of the bisuUite tubes are washed (juanmatively into an 
nieyer llask and titrated with I,, or the acetaldeinde is determined tulonmeincally 

(cf. Alanine). , . . , 

Distillation of HCHO.-Pour the contents of the oxidi/ing tube into a lOO iul. 

Kjeldahl llask (Folin and Whight.--^ micro-Rjeldahl apparatus). Add a boiling 
stone and water to 30 to 10 nd. 'Ihen add witli swirling If to 1 drops of 1:5 
vol./vol. FI., SO., to blue to Congo red paper to release the bound HCllO. Free 
iodine is formed, therefore, an excess ot arseuiic solution is .iddetl, usu.illy I to _ 
ml. The reaction tube is connected to the condenser aiul the mixture is distilled 
to about 5 ml. The distillate is collected in a receiver containing ;n) ml. of water 
and -1 ml. of 2% wt./vol. Nall.SO.,. The contents of this receiver are titrated tor 
serine with H or the formaldehyde is determined tolorimetrically (r/. (dycine). 

Titration. 7'/iiro/iiiic.—.\dd 2 ml. of starch solution and remove the excess 
bisulfite with 0.1 A' L. Titrate to one (hop beyond colorless. 'I hen remove the 
blue color by adding one droj) of 0.1 .Y Na 2 .\.();,. liring back to a veiy faint blue 
color by adding 0.002 A' 1,^. Relea.se the bound bisulfite with 10 ml. ot saturated 
NaFICO., and titrate tiuickly with 0.02 A' b, until the blue color takes .some lime 
to disappear. Add 0.5 ml, of .saturated Na.XiO^^ and titrate until one (hop produces 
a fairly pennaiient blue color. One milliliter of 0.02 .V •- 1.10 mg. of threonine. 

Semie.— Exactly the same method is used for the serine as for threonine except 
that 4 ml, of starcli solution are used and the .saturatc’d NhiHCC)., is replaced with 
5 ml. of 5% NaXO.,. One milliliter of 0.02 A' b, r. 1.05 mg. of serine. 

GLYCINE ^ 

Reagents. Ninhydrin; \%, wt./vol. in water. 

Phosirhate Buffer, pH 5.5.-:b5 g. K.,I>0, are added to 1 00 nrb of a 20'’;. wt / vol 
solution of KHTOj. 

Procedure.— .\dd lo the oxidizing lla.sk the following reagents: 1 to 5 mi. of abuiine 
solution (0.05 to 0.10 mg. of alanine), 2 mb of bidier. and 2 ml. of ninhydrin solu- 
tion. The solution is boiled for -15 to 50 minutes during which time the :iceialde- 
hyde is aerated into the bi.sulfite with a gentle sire;im of air. 'Fhen 2 mb more of 
ninhydrin are added and tlie solution Ls gently boiled 25 minutes longer Vei ition 

IS contnuied throughout. 'I he bisulfiie .solution which now cont:.in.whe acet’ .1 !e 
hyde is diluted to 10 ml. acci.iuic- 

Color Developniem.-Pipet I ml. of irisulf.ie solution which contains •itet ildehvdi. 
equivalent ,o 0,(I02-1).()08 nig. of alanine in.o a rea.ln,.- tnlie \ I ^ 1 ' 

alta the color .0 develop overnigln. The colo.- L m;ti"n'inni.erwo'l“'!,^^ 

« Folin, O., and Wright, L. E., J. Mo,. che,„, 38 . .161-10,, ,5,3, 
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hydroxypholixe 

Reagents. Copper SulfaiCi O.OI M, 

Sodium XI)droxidc, 2.5 N. 

Hydrogen Peroxide, G% \ol./voI. 

Sulfuric Acid, 3.0 N. 

/^•Dimciliylaniinobenzuldcltydc H’t./\ol. of rccrysiallizcd, in Lpropanol. 

Procednre.— Siatulnrds in duplicate: 1 ml. containing 5 /ig. of li)droxy])ronnc, I 
ml. containing iU /ig. of h)tlro.x)proline. I ml. containing 15 ;<g. of h)droxyproIinc. 
Unknown. 1 ml. of ]i)drol)z.tte. 

To each test lulie add 1 ml. of Cu.SO^. I ml. of N'aOH, and 1 ml. of ILO^. 
Shake intermittently for 5 nntiutes: then place in an SU*C. water bath for 5 minutes 
with \igorous shaking. Cool in ice bath and add 1 ml. of XLSO^. Mix. Heat in 
70”C. water bath fur IG minutes; cool in wmIct. Read using alU-m^ filter against 
a water blank. 

Martin and Axeliod’s ha\c modified this method as follows: Use 2 ml. of hy* 
droxyproline solution. Add 0.1 ml. of 20 .\f FeSO^ in 0.5% \ol./\o!, to re- 

move e.xccss HjOo. Sh.iko for 6 minutes. .Mix CuSO^ and NaOH just before use. 
Add HmSO^ and p (CII^loNCuH^CilO simultaneously. Increase the concentration 
of HoSO^ from 3 N to 1 .V. Decrease the concentration of /)-(CH 3 ) 2 NCaH^CHO 
from 5% to -1%. 


MISCELLANEOUS METHODS 

Assays for amino acids employing microorganisms (microbiological methods) were 
very popular during the tlccadc following 1915. Howescr. these microbiological 
procedures base now been largely stippl.inied by the chromatographic methods 
given eailier in this diapter. Details of the microbiological lechnitpics can be 
found in the monogrnjili (ly Block.* 

When a large number of routine .assays ate to be carried out for cither arginine, 
histidine, lysine, or glutamic acid. ad\aiu.agc may be taken of the fact that specific 
L-amino acid decarboxylases for tliesc four amino acids arc commcicially asailable 
(W^orihhigioii Biodicmical Corporation. Freehold, N. J.). The cjuaniity of carbon 
dioxide liberated from each amino acid is me.tsured in any consenient fashion (cf. 
Galc,^® Frank and DeMoss,” for directions). Because the L-araino and decar- 
boxylases or the bacteria usually employed respond only to the L-amino acids, useful 
information can be gained if the s.amc hydrolyzatc is analyzed by both micro- 
biological and chemical (including ion exchange) methods. Then the diemical 
method will gi\c the total cpiantity of the amino acid present, whereas the micro- 
biological or enzymatic techniques will give the amount of L-amino acid. As an 
initial assumption, the remainder can be considered to be the corresponding D-amino 
acid. 

The availability of commercial gas chromatography equipment has encouraged 
a number of investigators to attempt to convert quantitatively the amino acids 
into volatile derivatives (esters, aq-1 esters, aldcliydcs, amines). ^Vhen tin's can be 
accomplished, one would anticipate that gas cliromalograpluc techniques will sup- 
plant many of the procedures now used. 

5* Neuman. R. E., and Logan. M. A., J. Biol. Chcin., 184, 299-30G. 1950. 

55 Martin. C. J., and Axelrod. A. E.. Proc. Soc. ExplI. Biol. Med., 83, 1GMG2, 1953. 

66 Gale. E. F., Biochem. J., 39, 46-52, 1915. 

5T Frank. L. H.. and DeMoss, R. D., Arch. Biochem. and Biopfijs., G7, 387-397, 1957. 
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PART I 

EXAMINATION OF CRUDE, REFINED, 
AND BLENDED BITUMINOUS 
SUBSTANCES 


The methods ordinarily used lor cxaininiii" bituminous substatues and their mix- 
tures may be grouped under four headings; 

(1) Physical cltaractcristics. (2) 'I'iiennal tests. 

(3) Solubility tests. (1) Chemical methuds of c.xamitiaiion. 

In general, these tests may have one or more of the lollowing oiijects in view; 

(a) To serve as a means of identification. 

(b) To ascertain the value of the substance for a given purpose. 

(c) To gauge its uniformity of supply. 

(d) As an aid to factory control in its preparation, relining, or blcndiii". 

(e) As a criterion of its quality. ” 

The most important methods of testing are given in Table 2S-1. 

Table 28-2 gives a list of the principal bituminous substances, together with 
such of their physical and chemical characteristics as will enable them to be dis- 
tinguished, one from another. 
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Ta-ulu 28-1 


Description 

For 
Pur- 
poses of 
Identi- 
fication 

Adapta- 
bility 
for a 
Given 
Pur- 
pose 

Gaug- 

ing 

the Uni- 
formity 
of 

Supply 

Pur- 

poses 

of 

Factory 

Control 

;\3 a 
Crite- 
rion 
of the 
Qual- 
ity • 

Physical Characimstics: 






Fracture 

VESt 

— 

— 

— 

— 

Streak 

YES 

Yes 

— 

— 

— 

Specific gravity 

YES 

— 

Yes 

Yes 

— 

Viscosity 

— 

YES 

Yes 

Yes 

— 

Penetration (Hardness) 

YES 

YES 

YES 

YES 

— 

Ductility 

— 

YES 

Yes 

Yes 

— 

Thermal Tests: 






Fusing or softening point 

YES 

YES 

YES 

YES 

— 

Volatile matter 

Yes 

YES 

YES 

YES 

Yes 

Evaporation test . .... 

Yes 

YES 

Yes 

Yes 

Yes 

Flash point 

— 

YES 

YES 

YES 

Yes 

Fixed carbon 

YES 

— 

— 

— 

— 

Distillation test 

Yes 

YES 

YES 

YES 

Yes 

Solubility Tests: 






Solubility in carbon disulfide. . 

YES 

YES 

YES 

— 

YES 

Carbcncs 

Yes 

— 

Yes 

Yes 

YES 

Solubility in petroleum napbti-»a . . 

YES 


Yes 

Yes 

— 

Free carbon in tars 

YES 

Yes 

Yes 

— 

— 

Chemical Tests: 






Water 

Yes 

— 

— 

— 

YES 

Oxygen in nonmineral matter . 

YES 

— 

— 

— 

— 

Solid paraffins 

YES 

— 

— 

— 

— 

Sulfonation residue 

YES 

— 

— 

— 

— 

Saponifiable matter 

YES 

— 

Yes 

— 

YES 

Diazo reaction 

YES 

— 

— 

— 

— 

Anthraquinone reaction 

YES 

— 

— 




* Purity; care exercised in its preparation; and intrinsic value, 
t YES (capital letters) indicates test of greatest usefulness. 
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The commonly used tests for bituminous materials have been stamlaicluea by 
.iJlrrLdccy tor reins Ma.crinls (ASTM) and arc ,..d.l.d.«l rm-n- 

rot’Inadc .o .Spedt, radon, tor Highway Maa-rial. 

and Methods of Sarnplintj and 'resting." pubhshetl iiy the Ametic.ui Association o 

State Highway Officials (AASHO). . , r , ... 

British practice in the testing of bituminous materials of coal-tai origin is con- 
tained in "Standard Methods for Testing Tar and Its Products." published by the 
Standardization of Tar Products Tests Coimniilee. Oxfoid Road, Oomersal. nr. 
Leeds, England. 

The sampling of bituminous maierials is covered in AS'LM Dl iO a.a. 


PH YS KIA L ( : H A R AOT E R IST I ( :.S 


FRACTTRl;: 

This is ascertained upon cleaving the specimen by .subjecting it to a sliaip blow 
and examiiting the cleavage surface. Only bard and "brittle" bituminous sub- 
stances will yield to this test, including the hard asphalts and asphahites. The 
fracture may appear either conchoidal (lounded and tinved like a shell), or hackly 
(jagged, irregularly and rough). 

STREAK 

This represents the color of the powder which is left behind on chawing a 
piece of the solid bituminous material across the surface of ungla/ed porcelain. 
Hard bituminous materials only will yield to this test. The stieak may be classi- 
fied as white (where no streak is visible), yellowi.sli, ycllowish-biown, brown, biowu- 
ish-black, and black. 


SPECUFIC: CiRAVri Y 

Hydrometer Method.— Where speed is essemial and great accuracy not recjuinc!, 
the specific gravity of sufficiently Iluid bitmniiious materials may be determined by 
a hydrometer. The scale shall be divided into U.OOl of a unit and the dimen- 
sions of the hydrometer shall conform to the following spccirications: 


Dimension, 

mm. 


Length of stem 123 

Length of bulb 105 

Length of scale 80 

Diameter of stem 6 

Diameter of bulb 22 


PeimissiiiU 
Variation, mm. 

±6 

±5 

±-\ 

tkO.S 

=bl 


1 he hydrometer cylinder used shall have a length of appro.ximately 300 nmi. and 
an inside diameter not less than 32 mm. 

This method is standardized as .-VSTM D3G8-3;). 

Pycnometer Method.-r\m method is suitable fnr i vir:,.,., ..r i • 

.c™.s incUKU,,,. ,.oac, oils, .oa., caa, a.p,.aUc™,cn.Va,:;r»^ ^ IX'r'" 

The pycnometer used shall be a glass ve.ssel of cvlindrir-.l . • i . 

to rccch'c an accnrately lUting g|a« 5,0pp.... appravin aidy •>■> to->RmTinT'''' 
«=v, Tha steppe, shaU be provi„e.l yv'ul. a h'ole appeoxlLnely" irop 



Table 28 - 2 . Synoptical Table of the Most Important Distinguishing Characteristics of Bituminous Substances 
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diameter, centrally located in refcicncc to the \crtical axis. The stopper pjcnoni- 
etcr shall have a capacity oC about 21 to 30 ml. and shall weigh not more than 4 
ounces. 

The clean, dry p>cnoineter is weighed to the iiearcst milligram on an anal)tical 
balance and this weight tlcsignatcd as a. 'rjicn fill the p)cnomctcr with fresidy 
boiled distilled water, firmly insert the stopper, and completely immerse the 
pycnometer for not less than minutes in a beaker of freshly boiled distilled water 
maintained at With the pycnometer and its contents at a temperature of 

25®C., expose tlie top of the stopper and immediately wipe the w.ner from the 
top of the stopper, so that this surface is dry and the itieniscus of water in tlic 
bore is flush with the top of the stopper. Remove the pycnometer from the 
I>caker of distdled water. The pycnometer may then l>e chilled to a temperature 
slightly below Wipe all moisture from the outer surface of the pycnometer 

will) a clean, dry cloth and weigh the pycnometer immediately. Designate this 
weight as b. 

When determining the specific gravity of road oils or tars th.it flow readily, 
bring the material to a temperature of 2^*C. and pour into the pycnometer until 
it is full. Uiking care to prevent the iiiclustott of air bubbles. Firmly insert the 
stopper and with the pycnometer and contents at 23*C.. force all excess material 
through the ojicnhig, and carefully remove with a clean dry cloth. Weigh die 
pycnometer and contents and designate this weight as c. 

Calculate the specific gravity .as follows: 

Specific gravity = i — ~ 
a 

When determining die spetific gravity of tar and as])hali products that are too 
viscous for die method described .al>ovc. bring a small amount of the material to a 
fluid condition by the gentle application of heat. When the sample is sulficiently 
fluid pour enough into the clean, dry. slightly wanned pycnometer to .alx>ut half 
fill It. 'Fake prcc.miion to keep the m.vteT»al from touching the side's of die 
pycnometer above the final level and to prevent the inclusion of air bubbles. 
C<?ol ihe pyctiOfTictcr and contents to room temperature and ivc/gh with ibc 
stopper. Designate this weight as c. Fill the pycnometer with freshly boiled dis- 
tilled water and firmly insert the stopper. Completely immerse the pycnometer 
for not less than 30 minutes in a beaker of freshly boiled distilled water maiiiiained 
at 25'C. and follow the same procedure as described above in obtaining the 
weight of the water-filled pyctiumeicr. Designate the final weight as d. 

Calculate the specific gravity as follows: 

Spccincgravi.y = ^^--^5^5^ 

This method is standardized as ASTM D70-32. 

Displacement Method — This method is suitable for asphalts and tar pitches 
sufficiently solid to be handled in fragments. The s.mvplc is melted and poured 
into a pitch mold to form a ^ in. cube. Then tare the balance with a piece of 
fine waxed silk thread sufficiently long to reach from die hook on one of the p-m 
supports to the straddle or rest. Attach the sample cube to the dircad, so as to 
be suspended about I in. above the straddle from the hook on the pan support 
and weigh to the nearest 0.1 mg. Designate this weight as a. Weigh the sample 
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5S. r: i SJ., ';:S 

fust removed with a fine wire. Designate tins weiglu as h. 

Calculate the specific gravity of the material as follows. 


Specific gravity 


a 

a — If 


This method is standardized as ASTM D71-;>2. 

VLscosrrY 

SayboU Method.- I'hh method, which is deicribed in Ciiaptcr UK is commonly 
used for petroleum products. For use at tcinperatuies lioin 70" to 210- F., iljis 
standardized as AST.M DS8-5(i. and for use from ‘JaO’ to iaOT-. as .\,S F.M hlOL'-o/. 

Engler Method.— This method provides a procedure for determining spetilu 
viscosity of tars and their Iluid products. U does not determine absolute vistosiiy. 
but is an empirical How test. Only by conforming strictly to te(|uiremeius of tin. 
method are reproducible residts obtained. 

Engler specific viscosity is the ratio obtaincrl by dividing the lime of How, in 
seconds, of 50 ml. of material using an Engler viscosimeter at a selected tempera- 
ture by a factor representing the lime of (low, in secomls, (or an ccjual volume 
of water at 25'’C, The usual temperatures for determination of siiecifit vivcosiiy 
of tar materials are 2.5'C, (77T-.), -lO’C. (KITE.) aO’C;. (122^F.). and lon'C. (212n-.}, 
and generally the temperature is so selected that the specific visiosils is not more 
than 45, This method is standardized as .VS'F.M DKitia lil and .-V.K.SllO rfil-fiO, 
and is performed as follows; 

A/z/jrtrzitns,— The apparatus sliall consist of the following: 

(a) Engler Viscosimeter.— The Engler viscosimeter, as shown in Fig, 281. sh.tU 
consist of the following: 

(1) Ci/p.— This is a gold-plated cylindrical brass vessel of lOfi.O 1.(1 nun.. .1. 

inside diameter, closed at the top by a double-walletl lid. To the rounded bot- 
tom is attached a metal-encased tapered platinum elilux tube 20,11:.*: IK! mm.. 11, 
long with an inside diameter of 2.‘)() ± 0.02 mm., li. at the top ami 2.S0 h 0.02 
mm., F, at the bottom. Flic elilux tube shall ]nojeti ilumigh ami c.xiend ;5.0 i 0.2 
mm., G, below a jacket that surrounds the cup and slndl h;ive a boitum outside 
diameter, including its surrounding metal, of -1.5 0.2 mm., 1. 'Fluec meial 
measuring points, spaced e<iuidistautly around the circumference of the lup, are 
fastened to the sides and extend inwardly a[)proximately 7 mm., then turn up at a 
right angle and end in sharp points which are located 52.0 0.5 mm.. />, veiticallv 

above the lower end of the efllux tube and 25.0 1.0 mm., C. above the lowest 

portion of the cylindrical sidewall of the cup, 'Fhey serve both for indicating 
when the instrument is level and for measuring the charge of material, wliich is 
approximately 250 ml. 

(2) Jacket.-Thc cup is surrounded by a jacket which holds water or other suit- 
able hcjuid serving as a con/tant temperature bath. In the type illustrated, the 
jacket IS provided with a ^ermometer clamp and stirring device. A tririod Mip. 
ports the apparatus and also carries a ring burner by means of which the bath is 
heated. Adjustable legs on the tripod serve to level tlie instrument. Other ar- 
rangements of outer baths, supports, and stirring devices are acceptable, especia'llv 
when It ts desired to use more than one standardized cup in a single bath. 




958 




examination of lUTUMINOlIS SUliSTANCKS 


‘)r>y 


(J) SWWc-r.-Thc cm„x ...U- in the cup is cteccl “^Tunc-I l|V " 

U, , of a o F,nc,.|,c u, c o, 


Wl 

sus 
smooch. 


netKleci by its brass pin from the iiook on the cover, 
ooch. round wooden rod. 180 mm. long and 8 mm. ui dni 


stoppt 

imeter. witli a No. 15 


200 


graduation mark shall be 55 * 5 mm., 
L, above bottom of flask (Non;). 

Note.— G raduated cvliiKlen, if caiefnlh 
calibrated, may be found desirable to use 
[or routine tcsiiim. 



Reinforcing Bead 


te.ss evire pin 20 nun. Ions i;'nirt c.n'l ifa^A- 

mm froni the lower ciul, and lapcicd uuiforniU bclou i t *i i t it* 

TaV rue 1 G to 2.0 mni. in diameter. .Above the pin the rod sltall Ire planet! o 
■Mooved on four sides to a depth of I mm. to irrevent any possible rest.unun of 

O* 

air flow. 

(b) Receivers.— Two types are re- 
quired as follows: 

(/) Testing Flask.-Thu receiving flask 
for regular testing (Fig. 28-1) shall Ire of 
glass with a capacity up to the gratlua- 
tiou mark on its neck of 50 i tl.05 ml. 
at 20°C. At the graduation mark, die 
inside diameter of the neck of the Mask 
shall be 10 i I mm., At The cylindrical 
portion of the neck of the llask shall 
extend not less than 3 nun., 31, above 
and below the graduation mark. This 


■15 1.0. 


Ccpacit/ Mark (Ring) 


Volumetric 
V Toieroncs tO.lOml. 

TC \ 

200ml. I 
20 »C /i 


. -■-'I 
7*;O.D i 

r»'" , '' *•! 

Approt. 

■Dimensions ore in Millimeters - 

Fit.. 2is-2. Kdlilr.iusclt .sug.tt Mask. 


for 


(2) Calibration /'7<M/r.— For standard- 

hation purposes there shall be availalilc a Kohlrauscii llask, Fig. 2.8-2, wiili tup en- 
larged above the graduation mark ami calibiated to contain 200 ± D.l ml. at 20''Ck 

(c) Thermometers.- A.S r.M Fiiglcr viscosity thcrmoineteis 23'. 2P. ami 25''C as 
required, and conforming to the recjuiremcuis lor these thermometers as s|ictified 
in the Specifications for .ASTM Thermometers (.-VSTM FI). 

(d) Timer.— Stop watch or other liming device graduated in divisions of 0.2 sec- 
onds or less, and accurate to w'ithin 0. when tested over a GU-niinute period. 

(e) Sirainer.-No. 50 .ASTM sieve conforming to the Speciricaiions for Sieves f 
Testing Purposes (.ASTM Ell). 

Preparation of Sample.— Stir the sample until it is homogeneous, using heat if 
necessary. Avoid iiiclusion of air bubbles, loss of volatile or other dlects. wliich 
may influence the viscosity. Strain a reprcscuialive [Kjriioii of the .sample through 
the stiainci to eliminate particles, and proceed in accordance with Proceduie (be- 
low). Strain the material directly into the viscosimeter if preferred. 

Standardization and Calibration of Visco.simeier.— The elilux time for ‘HIO ml 
of chstilled water at ^O.O'T. with an acceptable Engler viscosimeter shall be between 
50.0 and 5_.0 seconds. Dctermmc this time ami the factor repre.senting the dllux 
ume for oO.O ml. of water at 25.0^C.. as described in the follot ving 

(a) Clean the inner vessel and efllu.x tube of the viscosimeter with aporoori ite 
solvents, and finish by washing several times with pure methyl or 05-/ e t v iko 
hoi and rmsmg several tunes with distilled water (Nori-). ^ 
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Note.— In cleaning tlic liscoshneter lake particular precautions to avoid injur) to the 
clilux. tube and measuring points. Use otii) a soft cloth in the cup, and soft tissue in 
the clliux tube. Avoid wires or similar siihsiaiiccs and cornrsive liquids. To prevent an 
air seal, keep the litl and Up n{ the cup clean at all limes. After a viscosimeter has Ikch 
used with Irltuiniiiuus maierials, pa) p.irlicular attention to cleaning the metal surround- 
ing the bottom end of the eiilux tiil>c. Failure to fto this may cause erratic and er- 
roneous results. 

(^) Iminccliatcl) after cleaning the viscosimeter, dose the cfilux tube vvith a 
stopper which has never heen in contact w*ith tar. oil, or similar materials. Fill 
the outer bath with water at slightly below or above 2U*C. as found necessary to 
maintain the inner teiitperatnre at 20*C. Fill tlie inner vessel approxinulcl) to 
the top of the fixed gauge points with freshly iMrilcd distilled water at 20.0*C 
Level the instrument so the tips of the gauge points lie in n plane parallel to die 
surface of the water, atnl add or remove water with a pipet until its surface is even 
with the e.xtremc tips of .dl gauge points. Place the Hd and thermometer in posi- 
tion and maintain the inner temperature at 20.0*C. for at least 5 minutes with fre- 
quent stirring: agitate the contenu of the inner cup i>y holding the stopper finni) 
and rotating the cover back and forth and around, occasionally stirring the outer 
hath. Dry the bottom of the cflliix tube and the area surrounding it by vviping. 
Carefidly lift the stopper until water runs into and completely fills the cfllux tube, 
and adjust until a hcmisplierical drop alx>m 1.5 mm. in diameter hangs from and 
covers the lower end of (he tube. Then allovvr to st.and without agitation for 1 
minute. 

(r) Place a dry calibration H.isk 210 ± 10 inm. belov^ the discharge end. and ad- 
just it so (he flow will strike the narrow portion of the neck of the flask near or 
slightly hetow die calibration line. Start the timer and simulianconsly withdraw 
the stopper, suspending it by the lid hook. Dctcnninc the time, in seconds, for 
flow of 200 ml. Repent this dctcrnniiation. starting the flow under anulitioiis 
described .above utuil at least three successive determin.itiuns. varying not more 
than 0.2 second, arc obtained. If the results obtained from three or mon.' tests 
do not check widiin 0.2 seconds, clean the viscosimeter again and make additional 
trials, until lliree or more results agree within 0.2 second. 

(d) Make another scries of dctcnninations as above, starting with the instrument 
freshly washed with alcohol, then with distilled water and refilled as before. The 
average results from the sccoiul series shall agree with the average from the first 
series within 0.2 second. Take the cfllux time for 200 ml. at 20.0*C. as the mean 
of the averages of at least two scries of dctcnninations agreeing within 0.2 second. 
This lime for aii acceptable viscosimeter shall be between 50.0 and 52.0 seconds. 

(e) Make additional runs as necessary, beginning with a newly cleaned viscosim- 
eter until two successive series arc in substantial agieement. 

(J) The factor representing cfllux time for 50 ml. of water at 25.0“C. has been 
found to be equivalent to the efflux time for 200 ml. of distilled water at 20.0*C. 
multiplied by 0.224. 

Procedure.— (o) Thoroughly clean and dry the cup and outlet lube of the vis- 
cosimeter as described in the preceding section, paragraph (n), and insert the 
stopper. Fill the outer bath and bring it to the required temperature of test. 
Maintain the batfi not more than I’C. high for tests at 25*C., 40“C., or 50*C., and 
not more than 2* or 3*C. high for lesu at lOO'C. 

(b) Pour the material into the cup until it exactly reaches die tops of die three 



examination of bituminous SUBS'EANOES ‘)(»1 

nieasuring points when the instrtnne.tt is level. Position the oO-tnl. 

that the bottom of the flask is 130 .-fc 5 mm. below the discharge end of du. tflUix 

tube, and adjust it so that the eflluent ivill strike the narrow portion of live mik 

of the flask near or slightly below the calibration line. • • i ■ t 

(f) Place the lid and inner thermometer into position and maintain llie Ir.iili, 
with frecpient agitation, at such a temperature that the material in tlie vistosimeier 
cup remains at the test teniperaure. .Maintain tliese londitioiis for S inimUe'<. 
Check the accuracy of the teni|jerature reading l)y hoUling the stopper firnily in 
position and rotating the cover at short intervals during tlie liist U minutes. l)Ut 
do not disturb the material during the last minute. W'iien these condilitms li.tse 
been met. tviilulraw the stopper from the ellius tube, sinmlianeuusly Man the 
timer, and suspend the stopper by the hook on the lover. Deieimine tlie time in 
seconds for 50 ml. of material to flow from the viscosimeter (Nott). 


Norr.— Once the material lias started to flow through the ellluv tube, do mu um* tlie 
ring buruer, but maiutaiu the required leiuperatun- bs the adtliliou oi iemov.il of u.ilei 
ai suitable tempevaiures, or by an auxiliary bmner uiomeniaiils diuiieti at tlie oiU'-ide 
cylindrical portion of the water jacket. 

Calculation.— Calculate the Engler spcciric viscosity hy divitling the time of flow 
for 50 ml. of material at the selecteil temperature hy the factor, as pievioiisly de- 
termined, according to the following formula: 


Engler speeilic viscosity at /°C. - 


see. for flow of .50 ml. at / 
facuiv 


where t = selected temperature of test, in degrees Centigrade. 

Results should not differ from the mean by more than tiie following amounts: 


Repeatability (one operator and apparatus). 

Reproducibility (difTerent operators and .ipparatiis) 6% 

Float Test. 1 liis procedure is used largely lor testing the visrusiiy or coiisisicm y 
of semisolid bituminous materials. The laiige of the test is limiletl". and it cannot 
be used with very fluid bituminous materials or with hard solids. It accordingly 
fills the gap between the Engler or Sayholt viscosimeter, on the one hand, aiitl the 
needle penetiometer, on the other*. I he test may he used on niatei i.il containiii” 
finely divided mineral matter as free carbon. ^ 

The procedure has been staiidardi/ed as follows as .\S I‘M Dldlf- ll). 

The float (Idg. 28-3) shall be made of aluminum or tiluniinum allov ami nIi'iII 
be in accordance with the following recpiireinems: 


Weight of float, 

Total height of float, mm 

Height of rim above lower side of shoulder, min 

Thickness of shoulder, mm 

Diameter of opening, mm 


A [immuiit 

Normal 

Maximum 

. 37.70 

37.00 

38.10 

. 34.0 

35.0 

36.0 

. 26.5 

27.0 

27.5 

. 1.3 

1.4 

1.3 

. 11.0 

11.1 

11.2 


The collar shall be made of brass 
reci^uirements: 


and shall be in accordance 


with 


the following 
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Minimum 

Normal 

Maximum 

Weight of collar, g 


9.80 

10.00 

Over-all height of collar, mm 

22.3 

22.5 

22.7 

Inside diameter at bottom, mm 

12.72 

12.82 

12.92 

Inside diameter at lop, mm 

9.65 

9.70 

9.75 


Tile toj) of the colliir sh.'ill screw uj> tightly ngainst the lower side of the shoulder. 
The assembled Ho.ii and colhir. with the collar filled Hush with the Liottom and 
weighted to a total weight of 53.2 g.» shall float upon svaicr with the rim 8.5 ± 1.5 



Fig. 28-3. Float Test Apparatus. 

ram. above the surface of the water. Dimensions of the apparatus additional to 
those required abosc are given in Fig. 28-3. Tiic thermometer shall be gradu.ited 
in either Centigrade or Fahrenheit degrees as specified, the ranges being —2* to 
-f80°C. or +30° to +I80*F., respectively. The diameter of the bath and the depth 
of water shall be at least 185 ram. 

The brass collar shall be placed with the sra-iller end on a brass plate which 
has been previously amalganmicd with mercury by first rubbing it with a dilute 
solution of mercuric chloride or nitrate, and then tvith mercury. 

The sample shall be completely melted at the lowest possible temperature that 
will bring it to a sunicientiy fluid condition for pouring, e.xccpting creosote oil 
residues, which shall be mixed and poured at a temperature of 100° to 125*C. D 
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shall be stirred thoroughly until it is homogeneous and free from air bubbles 
The sample shall then be poured into the collar in any convenient iiiaiiner until 

slightly more than level with the top. , ,, , , i 

Asiiialt and Asphalt Products.-Asphalt and asphalt products shall be cooled 

to room temperature for \b to GO minutes, placed in water inainiained at a (- 
for 5 minutes, after which the surplus material shall be removed by means of .t 
spatula, or steel knife, which has been slightly he.ited. 1 he collar ami plate sli.i 1 
then be placed in a tin cup containing ice water maintained at a“ i 1 A... and lelt 
ill this bath for at least 15 minutes and not more than ;>() minutes. 

Tar Products.— Tar products shall be immediately immersed in ice water main- 
tained at 5“C. for 5 minutes, after which the .•,ur])lus material shall be remuvcil 
by means of aspatula or steel knife, which has lieen slightly healed. 'I'he collar 
and plate shall be placed in a tin cup comaiiiing ice water maintained at 5* a: TC., 
and then left in this bath for at least 15 minutes and not more than aU minutes. 

The bath shall then be filled with water and the water heated to the tempera- 
ture at which the test is to he made. This temperature sh.ill be accurately main- 
tained without stirring and shall at no time throiigliont the test be allowed to 
vary more than 0.5°C. from the icmpcraiurc specified. The teniperature shall 
be determined by immersing the tUermomcler with the bottom of the bulb .u a 
depth of -10 ± 2 mm. below the surface. 

After the material to be tested has been kept in the water bath at 5' Cl. for not less 
than 15 minutes nor more than 50 inimites, the collar witii its contents shall be re- 
moved from the plate and screwed into the almnimim lloat and iinniersed in w.iter 
at 5°C. for 1 minute. .Any water shall then be removed from the inside of the float 
and the latter immediately (loated in the warm bath. .As the {ihig of material be- 
comes warm and fluid, it is forced upward and out of the collar until the water 
gains entiatice into tlie saucer and causes it to sink. 

The time in secoiuls between placing the apparatus on the water and when the 
water breaks through the materia! shall he determinctl by means of a slop watch 
and shall be taken as a measure of the consistency of ilie material under exami- 
nation. 

NoTE.-Spccial precautions slioukl be taken to ensure the collar fining lighdv into the 
float iUid to see tli.it (heie is no seep.ige of water between ibe collar and lloat dnriiv- tiic 
test. ■*' 


PENETR.-VTION TEST 

The penetration of a bituminous material is the distance in tenths of a milli- 
meter that a standard needle penerates vertically into a sample of the material un- 
der fixed conditions of temperature, load and time. 

Al)paralus.-Thc apparatus shall consist of the following: 

Penetration Apparatus.-Any apparatus perniitiiiig iiicneinem of the swindle 
without appreciable friction and which is accurately calibrated to yield results in 
accordance with the description of the term pciieration will be acceptable. When 
rrio^ntcd in a ferrule, the weiglit of the moving spindle slnll ho 
47.0 ±0.05 g. Regardless of the type of mounting of the needle, the total weight 
of the needle and spindle assembly shall be 50.0 i 0.1 g. Wei»Ius of 50 00 ^ (ur 
g. ancl 100.00 ± 0.05 g. shall also be provided for totarioads'f 100 I toO 
depending upon the conditions of test to be applied ” 

Needle.-The needle. Fig. 28-4. shall be made from fully hardened -.nrl i 

stainless steel, grade -MO-C or equal. Roekt.ell hardness C 57 m CO It sS'be 
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1 For tests at 77“!'. (25*0.) use an ASTM .Saybolt Viscosity IluMinoinctcr l/’K 
(or ’n^C.) having a range of 68“ to 8U“F. (ir to 27“(:.). 9 he thennon.eter shall be 

immersed in the bath lyO d: 15 mm. _ 

9. For tests at 82“F. (OXb) and :}‘>.2“F. (rC.) use ASIA! Piecision lluimoin- 

eter GS^F. (or GS'C.) having a range of 18“ to 8‘)“F. (-8'' to :12"C:.). I he ihcrinom- 

eter shall be immersed in the bath 1.50 1.5 mm. , - 1 /-• 

3 For tests at 115“F. (IG.rC.) use ,\STM Precision Fhcmumieter (jPF. (or 01 'C,.j 

having a range of 77“ to 13 1 “F. (25“ to .ay-C;.). 'Flic thermometer shall be im- 
raersed in the bath 150 i 15 mm. 

4. Since the accunicy of the tests results is de|)endent ujion closely contioiled 
temperature conditions, the thermometer used for the water bath should be aitu- 
rately calibrated by the Method for Inspection. Test and .Standardi/aiion of 
Etched-Stem Liquid-in-Cilass l liermomeiers {A8TM E77). 


Timing Device.-A stop watch graduated in D.l second intervals or an audible 
seconds counter is recommended for use with ;i haiid operated penetrometer. ,\n 
automatic calibrated timing mechanism attached to the penetiometer m.iy be used. 

Preparation o/ Snrn/i/c.— Heat the sample with tare to prevent lot.d overheating 
until it has become fluid. Then with constant stirring raise the temper.itnie ol 
the asphalt sample 177“F. (8()“C.) to 1!M“F. or the tar-pitch sample not mote 

than 100“ F. (56“C.) above its softening point, tlcleimined in atcordance with the 
Method of Test for Softeiung Point of Bituminous .Materials (Ring-and B.dl 
Method) (.-\STM D36). .Avoid the intlusioti of air bubbles. 'Fhen pour it into 
the sample container to a depth such that, when cooled to the tempeiatsue of test, 
the depth of die sample is at least 10 mm. gieater than the depth t(» wltidt the 
tieedle is expected to penetrate. Pour separ.ue samples for each vari.ttion in test 
conditions. 

Loosely cover each container and its contents .is a protection .igainst dust, and 
allow to cool in an atmo.s|)herc at a temjierature not higher than 85 F. {2‘>.5'“C) 
and not lower than 70“F. (21 “C.) for iini less than 1 1- nor more than 2 lunnx when 
the sample is in a Gounce container and for not less than 1 nor mote than I’-., 
houis when the sample is in a .i-ounte container. I hen place" the* s.nup!e in the 
water bath maintained at the prescribed temperature of test, along with the tniiis- 
fer dish if used, allow it to remain for not less than ll-j nor more than 2 houts 
when the s.implc is in a G-ounce container, ancl for not less than I nor more than 
H/i hours when the sample is in a 3 ounce container. 


Test Concfitions.-Where the conditions of test are not speciftcally mentioned, 
the temperature, load, and time are understood to be 77“F. (25“C.). 101) 5 sec- 

onds respectively. Other conditions of temperuuue, load, and time mav\c used 
for special testing, such as: 


Temperature 

Load, 

Time, see. 

32°F. (O^C.).. 

... 200 

60 

39.2°F. (4°C.)... 

... 200 

60 

115°F. (46.1 °C.) 

... 50 

5 


In such cases, the specific conditions of test shall be reiioried 
Procednre.-Unless otherwise stated, place the 50- cveiedu 
making the total load of 100 g. for the needle and auachmeni. 


above the needle. 
II tests are made 
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approximately 50.8 mm. (2 in.) in length and 1.00 to 1.02 mm. (0.0394 to 0.0402 in.) 
in diameter. It shall be symmetrically utpered at one end to a cone whose angle 
shall be within the range of 8* 40' and 9" 40' over the entire cone length from full 
needle diameter, and whose axis shall be coincident with the needle axis within 
0.0005 in. maximum runout (total indicator reading). After tapering, the point 
shall be ground off to a truncated cone, the smaller base of which shall be from 
O.H to 0.16 mm. (0.0055 to 0.0063 in.) in diameter. The truncation shall be square 
with the needle axis wiiliin 2®, and tlte edge shall be sharp and free from burrs. 
Ihe suiface ol the truncation shall be finished to a smoothness of 8 micro-inches 
(rms). The exposed length of the needle when mounted in the chuck of the 
penetration apparatus or in a ferrule shall be approximately 41.27 ram. (1% in.). 
Wlien the needle is mounted in a ferrule, die ferrule shall be a cylindrical rod, 

approximately 3.18 mm. (llri in.) in 
diameter and 38.1 mm. (1.5 in.) long, 
made of stainless steel or brass, in 
which the needle shall be rigidly and 
coaxially mounted. The weight of the 
ferrule-needle assembly shall be 2.50 ± 
0.05 g. (A drill Jiole is permissible at 
the end of the ferrule to comrol 
weight.) 

Container.— A container, in which 
the sample is tested, shall be made of metal or glass, cylindrical in shape, and 
have a flat bottom. The containei to be used for materials having a penetra- 
tion of 200 or less shall have a nominal capacity of 5 ounces; its inside dimen- 
sions shall be essentially as follows: 55 mm. (2.17 in.) in diameter and 35 mm. 
(1.38 in.) in depth. The container to be used for materials having a penetra- 
tion greater than 200 shall have a nominal capacity of 6 ounces; its inside dimen- 
sions shall be essentially as follows: 70 mm. (2.75 in.) in diameter and 45 mm. 
(1 77 in.) in depth. 

Note.— C ontainers knomi .is im boxes oi as seamless ointment boxes may be obtained 
in dimensions confoimin^ to the above rct\»ircmeius. 

\V’ater Bath.— A water bath maintained at a temperature varying not more than 
0.2®F. (0.1 ®C.) from the temperature of the test. The volume of water shall not be 
less than 10.1. The height of the Imth shall be such that the sample can be im- 
mersed in the water to a depth of not less titan 10 cm. (4 in.) and be supported 
on a perforated shelf not less titan 5 cm. (2 in.) from the bottom of tire bath. Do 
not allow the water bath to become contaminated with oil or slime. Brine may be 
used in the water bath for determinations at low temperatures. If penetration tests 
are to be made without removing the sample from the bath, a shelf strong enough 
to support tlie penetration apparatus shall be provided. 

Transfer Dish for Container. — When used, the transfer dish for tlie container 
shall be a cylinder with a flat bottom made of glass, metal, or plastic. It shall be 
provided with some means which will ensure a firm bearing and prevent rocking 
of the container. It shall have a minimum inside diameter of 90 mm. (3.5 in.) and 
a minimum depth above tlie bottom I>earing of 55 mm. (2.17 in.). 

Thermometer for Water Bath.— The following thermometers conforming to the 
requirements prescribed in the specification for ASTM Thermometers (ASTM El) 
.ire recommended: 


0.{4 fo 0/6 m/ji^ 
'/OO h /.02mm. 6°40'/o9°40’ 

- ■ 


n i I 

I* 

L opproxima/dv oJommJ 

S06mm(2“) 

Fir. 28-4. Needle (or Penetration Test 
(Courtesy ASTM.) 
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9(k> 


1 For tests at lin'. (25“C.) use an AS'FM Saybolt Viscosity I licniioiuctei* 17 K 

’ X I • ' f to 9 lie thermometer shall he 

(or 17“C.) having a range of 0» to «u i. lo -/ 

immersed in the bath 150 ± 15 mm. 

9 For tests at 32'’F. (O^C.) and ;1U.2"K. (rc:.) use A.S 1 .\I Frctision Ihcmiom- 
eter G^-F. (or G3°C.) having a range of 18“ to B'.rF. (-8“ to ;i2’C.). I he thermom- 
eter shall be immersed in the bath 150 li; 15 mm. , r.-T- 

3 For tests at I15“F. (-16.1 “C.) use -VS'I'M Frccision Thermometer OlT-. (or h i C..> 
having a range of 77“ to 131''F. (25“ to 55^:.). 'i'he thermometer shall be im- 
mersed in the bath 150 i 15 mm. 

•i. Since the accuracy of the tests results is ilependent upon closely controlleil 
temperature conditions, the thermometer usetl for the water b.ith should be .itrii- 
rately calibrated by the Method for fnspeilion. Test and .Staiidardi/ation of 
Etched-Stem Litpiid-in-Glass 1 hermometeis (AS T.M F.77). 


Timing Device.-A stop watch graduated in O.l-second intervals or an audible 
seconds counter is recommeiideil for use with a Iiand-operatcti peiietiometer. .\ii 
automatic calibrated timing mechanism attaclied to the peiietiometer may lie used. 

Preparation of Sample.-licM the sample with cate to pieveiU local overheating 
until it has become fluid. Then with constant stirring raise the lempei.itute t){ 
the asphalt sample 177“F. (80‘C.) to lOrF. (DOT:.) or the tar-pitrh s.imple not mote 
than ioO“F. (56“C.) above its softening point, deiei mined in aitordante with the 
Method of Test for Softening Point of Bituminous Materials (Riiig-.iiid-B.d! 
Method) (.ASTM D3G). .-Vvoid the inclusion of air bubbles. 'Fhen pour it into 
the sample container to a depth such that, when tooled to the tempeiattne of test, 
the depth of the sample is at least 10 mm. greater than the depth to which the 
needle is expected to penetrate. I’our separate samples for each variation in test 
conditions. 

Loosely cover eacli rotilainer and its contents as a protei tion against dust, and 
allow to cool ill an atmosphere at a temperature not higher than Hf)*!-’. 
and not lower than 7()“F. (2I“C.) for not levs than I',-;; nor more than 2 hours when 
the sample is in a G-ounce container and for not less than 1 nor more than T-.. 
hours when the sample is in a a-oiince container. Then place the sample in the 
water bath maintained at the prescribed temperature of test, along with tlie tr.ins- 
fer dish if used, allow it to remain for not les,s than I'-j nor more than 2 houis 
when the s,implc is in a G-ounce container, and for not less than 1 nor more than 
IVj hours when the sample is in a 3-ounce container. 

Test CondifioMs.-Where the coiuHiions of test are not specifically mentioned, 
the temperature, load, and time are understood to be 77T'. {25“C.). 100 5 sec- 

onds respectively. Other conditions of temperature, load, and timi mav'’be used 
for special testing, such as: 


Temperature 

Load, i;. 

Time, sec. 

32°F. (0°C.) 

... 200 

60 

39.2°F. (4°G.) ... 

... 200 

60 

n5°F. (46.1'’C.) 

... 50 

5 


III such cases, the specific conditions of test shall be reported 
Procednre.-Unless otherwise stated, place the SO-g. weight above the. nc-Ot,. 
making the total load of 100 g. for the needle and attachment. If 


tests are made 
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with the penetration apparatus mounted in the bath, place the sample container 
directly on the submerged stand of Uie penetration apparatus. If tests are made 
witlr the sample in tlie bath and the penetration apparatus outside the bath, 
place the container on the shelf provided in the bath. In the above procedures 
the container shall be kept completely submerged during the entire test. If tests 
are made using the transfer dish with the penetration apparatus outside the bath, 
place the sample in a dish filled with water from the bath to a depth to cover 
completely the sample container. Then place the transfer dish containing the 
sample on the stand of the penetration apparatus and penetrate immediately. In 
each case, adjust the needle loaded with the specified weight to just make con- 
tact with the surface of the sample. Accomplish this by making contact of the 
actual needle point with its image reflected by the surface of the sample from a 
properly placed source of light (Note). Either note the reading of the dial or 
bring the pointer to zero. Then quickly release the needle for the specified period 
of time and adjust the instrumejit to measure the distance penetrated. Observe 
the sample container as the needle is applied, and if any movement of the con- 
tainer is noted, ignore the result. 

Note —The positioning of the needle can be materially aided by using an illuminated 
meth)l methacrylate lube. 

Make at least three penetrations at points on the surface of the sample not less 
than 1 cm. in.) from the side of the container and not less than I cm. (% in.) 
aparL If the transfer dish is used, return the dish and sample to the water bath 
after each penertaiion. Before each test, clean the needle witli a clean cloth 
moistened with carbon tetrachloride to remove all adhering bitumen, and then 
wipe with a clean dry cloth. For penetration values greater than 225, use at least 
three needles, leaving them in the sample until completion of die penetrations. 

Report to the nearest whole unit the average of at least three penetrations whose 
values do not differ by more than the amount shown below: 

Penetration 


0 to 49 50 to U9 750 to 249 250 or oner 

Maximum difference between highest 

and lowest determinations 2 4 6 8 

DUCTILITY 

This test has been standardized as follows as ASTM 0113-44: 

The ductility of a bituminous material is measured by the distance to whiclv it 
will elongate before breaking when two ends of a briquet of the material of the 
form described, are pulled apart at a specified speed and at a specified tempera- 
ture. Unless otherwise specified, the test shall be made at a temperature of 
25“ ± 0.5“C. (77“ ± 0.9“F.) and with a speed of 5 cm. per minute (±5.0%). 

The mold shall be similar in design to that shown in Fig. 28-5. Dimensions 
shall be as given with the permissible variations indicated. The mold shall be 
made of brass, the ends, b and b', being known as clips, and the parts, a and a' 
as sides of tire mold. The dimensions of the mold shall be sucli that, when prop- 
erly assembled, a briquet will be formed having the following dimensions: 
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7.-t5"7.55 

Total length, cm. 2.'>)7"3-03 

Distance between clips, cm j fji5_.2.02 

Width at minimum cross-section (halfway between ilip.s), 0 yy-l J}1 

Thickness throughout, cm 

The water bath shall be maintained at the .specified test umipcratuve varying 
not more than O.rC. (0.18M‘.) from this temperarure. 1 he volume ol iv.itu si al 
be not less than 10 1. and the sample .shall be nnmerseil to a depth of not Uss 
than 10 cm. and shall be supported on a perforated shell not les-, than a cm. from 
the bottom of the baiii. 

For pulling the briquet of bituminous material apait, any apparatus may l>t 



Fig. 28-:"). Mold for Ductility Test .Specimens. The openin'.; in the end of each clip. ;n 
indicated by "s," shall be half an ellip,se haring a tiatisri'isc axis of ;>’.2 tin, O.O.’i cm. 
and lialf of the longitudinal a.xis .^haU he l.l'i to I.'c'j iin. 


used that is so coustrueted tliat tlu; bricptei will be coutinuously iininer.sed in 
water as specilied, wliile the two clips arc pulled apart at a uniform speed, .is 
specified, without iiudue vihratioii. 

The biiumiuotis material to be tested shall be completely melted until thor- 
oughly lluid by heating it iu an oil hath mainiaiiicd al the uunituum tcmpetaiuu- 
needed to liquefy ilie sample properly. It shall then he .scr.iiiietl tinongh .i Xo. at) 
sieve and, after a thorough slit ring, poured into the mold. The mold shall be 
assembled on a bra.ss plate and, .so as to prevent the material under test ftotn 
sticking, the surface of the plate and interior suiface.s of the sides mi' of the mold 
shall be thoroughly amalgamated (Non;). The plate upon which the moki is placed 


lion of mercin 


L- ainalgaination may best he effected hy immersiug the clean mold in a sulu- 
iny bisuhatc containing free metallic mercury, and so as to come in contact 


with the aticr. Instead of mevemy. the metal mold, preleiably of stainless steel, niav he 
moistened "'"n .iivr.M r,! - ’ 


with glycerol. 


shall be perlectly 
throughout. In 
and thus distort 
stream back and 
full. It shall be 
bath maintained 
which the excess 
knife or spatula 


flat and level so that the bottom surface of the mold will touch it 
filling the mold, care shall be taken not to disarrange the parts 
the briquet. In filling, the material shall be poured in a thin 
forth from end to end of the mold until it is more than level 
left to cool to room temperature and then placed in the water 
at the specified temperature of test for 30 to 10 miiuue.s, after 
bitumen shall be cut olT by means of a hot straiedu-edged nutty 
so that the mold shall be just level full. ^ ^ 
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N'OTE.— When paving asphalt cenieius aie biiig tested, tlie oil bath shall be maintained at 
a temperature of from 125* to ISO^C. (257“ to 302"F.). 

The brass plate and mold, with briquet, shall then be placed in the water baiJi 
and kept at the specified temperature for 85 to 95 minutes, when the briquet 
shall be removed from the plate, the side pieces detached, and the briquet imme- 
diately tested. The rings at each end of the clips shall be attached to the pins or 
hooks in the ductility machine and the two clips pulled apart at a uniform speed 
as specified until the briquet ruptures. A variation of ±5% from the speed speci- 
fied will be allowed. The distance through which the clips have been pulled to 
produce rupture shall then be measured in centimeters. While the test is being 
made, the water in the tank of the ductility machine shall cover tlie sample both 
above and below it by at least 2.5 cm. and shall be kept continuously at the tem- 
perature specified within ±0.5*0. (±0.9“F.). 

A normal test is one in whiclr die material between the two clips pulls out to a 
point or thread until rupture occurs at the point where the thread has practically 
no cross-sectional area. The average of three normal tests shall be taken and 
reported as the ductility of the sample. 

If the bituminous material comes in contact with the surface of the water or 
the bottom of the bath, the test shall not be considered normal. 

Note.— W hen the specific giavuv ol the biiuimnous niaieiial to be tested is below 
098 or above 1.01, the specific giauiy of the water bath in the ductility machine shall 
be made the same as the material to be tested by the addition of either methyl alcohol 
or sodium chloride. 

I£ a normal test is not obtainable on three successive tests, the ductility shall be 
reported as being unobtainable under the conditions of the test. 

THERMAL TESTS 

FUSING OR SOFTENING-POINT 

Ring-and’Ball Met/tod.— This has been standardized as follows as ASTM D36-26: 

The softening of bituminous materials generally takes place at no definite mo- 
ment or temperature. As tlie temperature rises, they gradually and imperceptibly 
change from a brittle or exceedingly thick and slow-flowing material to a softer 
and less viscous liquid. For thi> reason the determination of the softening point 
must be made by a fixed, arbitrary, and closely defined method if the results ob- 
tained are to be comparable. 

Apparatus.— The apparatus shall consist of the following; 

(rt) A brass ring 15.875 mm. (% in.) in inside diameter and 6.35 mm. (^/i in-) 
deep; thickness ol wall, 2.38 mm. in.); permissible variation on inside diameter 
and thickness of ring 0.25 mm. (O.OI in.). This ring shall be attached in a con- 
venient manner to a No. 13 B. & S. gauge brass wire (diameter 1.83 mm. = 0.072 
in.). See Fig. 28-6. 

(5) A steel ball 9.53 mm. (% in.) in diameter weighing between 3.45 and 3-55 g- 

(c) A glass vessel, capable of being heated, not less than 8.5 cm. (3.34 in.) in 
diameter and measuring 10.5 cm. (4.13 in.) in depth from the bottom of the flare. 
(A 600-ml. beaker, low form, meets tliis requirement.) 

Procedure.— The sample shall be melted at the lowest possible temperature to 
avoid loss of volatile constituents and stirred thoroughly, avoiding incorporating 



examination ok bituminous substanoes 


IHH) 


V 

air bubbles in the 

cooling. The ring, rvink- bomg filk.l, ‘ „, i., AtuT cool. 

;ng“torThour? S,T«ce«'raa“dar.l'al^ h'c- cn'i oil dcanly wiih a digh.ly In-a.cl 

, ,,,, 0 ., /i7A^r\ or liclaw.-lhc a thcnnonu’Ur which 

,S'hf“/;r:;fh:: ^ .^hc., 

dlfrangcs being -2" m +80-C., nr 30- in l«irl-.. ,e.|,c.l.>ely (.\M .\l K. (,. 



15°F.). Fill the ”lass vessel to a dciuh ol substantially H.25 tin. (11. Ha in.) with 
frc.shly boiled, distilled water at a^C. (IPF.). .Su.spend the rin;.; toiiiainin” the 
sample in the water so that the lower surface of the Idled rin» is exactly 2..‘)l tin. 
(1 in.) above the bottom of the f>lass vessel and its up()er surface is a.tlH cm. (2 in.'s 
below the surface of water. IMace the ball in the water but not on tile specimen. 
Suspend the thermometer so that the bottom of the bulb is let cl with the bottom of 
the ring and within 0.1535 cm. (Vi in.), but not touching the ring. .Maintain the 
temperature of the water at 5°C. (lin-’.) for 15 minutes. With .suitable forceps, 
place the ball hi the center of the upper surface of the hiiumen in the ring, thus 
completing the assembly as in Fig. 28-5. Apply the heat in such a manner that 
the temperature of the water is raised 5-C. (Un-.) each minute. The temperature 
recorded by the thermometer at the instant tlie bituminous material touclies the 
bottom of the glass vessel shall be reported as the softening point. No correction 
shall be made for emergent stem. The rate of rise of temperature shall he uni- 
form and shall not be averaged over the period of the test. The ma.vimum per- 
missible variation for any minute period after the fust three shall be -*-0 5“C: 
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(0.9®F.). All tests in which the rate of rise in temperature exceeds these limits 
shall be rejected. 

For Substances Fusing Above 80’’C. (176^F.).— The thermometer shall be grad- 
uated in either Centigrade or Fahrenheit degrees as specified, the ranges being 
30® to 160®C., or 85® to 320"F., respectively (ASTM 16®C. or 16®F,). The same 
method as given above shall be employed, except that U.S.P. glycerin shall be 
used instead of water, and the starting point of the glycerin bath shall be 32'C. 
(89.6®F.). The hath shall be brought to this temperature and thoroughly agitated, 
dien the apparatus and specimens sliall be placed in the bath which shall be main- 
tained under agitation at the starting temperature for 15 minutes, after witich the 
assembly shall be completed by placing the ball on the center of the specimen and 
the test carried on as above. In applying the heat, the ring apparatus shall be 
placed off the center of the container and the burner placed midway between the 
center and edge of the beaker away from the specimen. 

Rigid adherence to the prescribed rate of heating is absolutely essential in order 
to secure accuracy of results. A slieet of paper placed on the bottom of the glass 
vessel and conveniently weighted will prevent the bituminous material from stick- 
ing to the glass vessel, thereby saving considerable lime and trouble in cleaning. 
The limit of accuracy of the test is ±0.5®C. (0.9®F.). 

In addition to the above ring-and-ball method (ASTM DS6-26), this procedure 
has been standardized in a modiBed form, covering a wider range of materials, 
under ASTM Designation E28-58T. The changes include the use of a shouldered 
ring and an agitator to ensure uniform lieat distribution in the bath. 

Cube-in’Water Method.— This method is restricted to testing tar pitches, and has 
been standardized as follows as ASTM DGl-SS. 

The softening of pitch takes place at no definite moment or temperature. As 
the temperature rises, pitch gradually and imperceptibly changes from a brittle 
or exceedingly thick and slow-flowing material to a softer and less viscous liquid. 
For this reason the determination of the softening point must be made by a fixed, 
arbitrary, and closely defined method if the results obtained are to be companible. 

Apparatus.— The apparatus shall consist of the following: 

(а) A mold suitable for forming a 12.7-ram. 0i»-in.) cube of pitch. (A recom- 
mended type is shown in Fig. 28-7). 

(б) An L-shaped right-angled hook made of No. 12 B. & S. gauge copper wire 
(diameter 2.05 mm. = 0.0808 in.), the foot of which shall be 2.54 cm. (1 in.) long. 

(c) A glass vessel, capable of being heated, not less than 8.5 cm. (3.34 in.) in 
diameter and measuring 10.5 cm. (4.13 in.) in depth from the bottom of the flare. 
(A 600-ml. beaker, Griffin low form, meets this requirement.) 

(d) A thermometer graduated in either Centigrade or Fahrenheit degrees as speci- 
fied, the ranges being —2® to -t-80®C. or -(-30® to +18Q®F., respectively (ASTM 
15®C. or 15®F.). 

Procedure.— The pitch shall be fonned into a i2.7-mm. (^-in.) cube, truly shaped 
and with sharp edges, eidier by melting and pouring, or softening and pressing, into 
a mold. In all cases an excess of pitch shall be used and the surplus material shall 
be cut off cleanly with a slightly heated knife. The harder pitches specified can 
ordinarily be molded at room temperature, tlte softer pitches in water at about 
4®C. (39.2°F.). If they are melted, diey should first be thoroughly stirred, avoiding 
incorporating air bubbles in the mass, and then poured into the mold so as to 
leave an excess on cooling. The mold sliould rest on a brass plate and the surface 
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the Avire as sltowu in Fi}^. 28-7 and suspend it in ilie rvaier so that its lower ed”c 
is exactly 2..71 cm. (1 in.) above llie iKitiom of the ^lass vessel and its upper edi^e 
is 5.08 cm. (2 in.) below the surface of the water. Allow it to veinaiu in the water 
for 15 minutes before applying heat. Suspend the thermometer so tliat the l)Ot- 
tom of the bulb is level with the bottom edge of tlie cube of pitch and within 
0.635 cm. ()4 in.), but not touching the cube. Apply the heat in sucli a majiner 
that the temperature of the water is raised o^C. (O'F.) each minute. 'Fhe tempera- 
ture recorded by the thermometer at the instant the pildt touches the bottom of 
the glass vessel sliall be leported as the softening point. No correction shall be 
made for emergent stem. The rate of rise of temperature shall be uniform and 
shall not be averaged over the period of the test. The maximum permissible vari- 
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ation for any minute period after the first three shall be ±0.5®C. (0.9“?.). AU 
tests in which the rate of rise in temperature exceeds these limits shall be rejected. 

For Pitches Fusing Beloio J09.i“F.—\J&e the same method as given above, ex- 
cept that the water when placed in the glass vessel shall be at a temperature of 
4“C. (39.2“F.). Tile cube shall be allowed to remain 15 minutes in this water 
before applying the heat. 

The use of freshly distilled water is essential, as otherwise air bubbles may form 
on the cube and retard its sinking. Rigid adherence to the prescribed rate of 
heating is absolutely essential in order to secure accuracy of results. A sheet of 
paper placed on the Iiottom of the glass vessel and conveniently weighted will 
preteiit the pitch from sticking to the glass vessel, 
thereby saving considerable time and trouble in 
cleaning. The reproducibility of the lest is l.O'C. 
(1.8-F.). 

Cube-in-Air This method is applicable 

to pitches having a softening point above I76“F. 
(Note 1). It has not been standardiied by the 
ASTM but is commonly used in the coal-tar indus- 
try. The test is performed as follows: 

Aj>paratus.— The apparatus (Fig. 28*8) shall con- 
sist of the following; 

(a) Air melting-point oven, copper, with mica 
windows and copper tray. Arthur H. Thomas 
Company (A.H.T. Company) No. 1322. The cop- 
per tray shall be supported by the hooks provided, 
whicli shall give a clearance of about in. be- 
tween Uic bottom of the oven and the tray. 

(6) Tripod, The oven shall be mounted on a suitable tripod of such size that 
it supports tile oven at the outer edge only, leaving the bottom exposed directly 
to the lieat of the burner. 

(c) Shield, thin sheet iron, with mica windows. A.H.T. Company No. 1323. 

(d) Burner, similar to A.H.T. Company No. 2583. It shall be provided with a 
suitable chimney, A.H.T. Company No. 2633. For electric heat a 500-watt, 115- 
volt ring heater, o.d. 4% in., i.d. 2*4 m. The oven is placed on the ring heater 
wliicii is supported on a tripod. A variable auto transformer and a voltmeter are 
required to control and measure the power input. 

(e) Pitch mold for forming V>-\n. cube. A.H.T. Company No. 1324-E. 

(/) Brass Plate, 

(g) Hook. An L-shaped, right-angled hook made of No. 12 B. & S. gauge cop- 
per wire; diameter 0.0808 in., the foot of which shall be 1 in. in lengtii. A.H.T. 
Company No. 1324-C. 

(/<) Copper Gup. This shall be a copper cup l-K in. in diameter and Wi iu- 
liigh with a capacity of about 60 ml. A slightly inclined handle 4*4 in- long shall 
be attached. 

(0 Thermometer, 30“ to 200“C., ASTM High Softening Point. No. 16“C. 

1 he pitch shall be formed into a ^in. cube, truly shaped and with sharp edges, 
by melting and pouring into the mold. The copper cup shall be half filled with 
the pitch and carefully healed until the pilch is melted, stirring thoroughly and 
avoiding incorporation of air bubbles in the pitch. The melted pitch shall 
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be poured into the mold so as lo leave an excess on coolinK- After cotdin-. the 
excess of material shall be cut oil cleanly with a hot k.nfe or spatttla. I he m l 
shall rest on a metal plate, and the surface of the plate and mierior surfaces of the 
mold should be amalgamated by first rubbing them with a dilute solution o 
mercuric chloride or nitrate and then with mercury (see VKKC.AunoNs). oi t liorougl h 
covering them with a thin film of vaseline to prevent the pitch from adhering lo 

them (Note 2). . . , , i . i. 

The cube shall be placed on the hook so that the foot of ihe liook passes thrui g 

the center of two opposite faces of the cube. It shall then be suspended in the 
oven so that its center is level with an imaginary line running through the tenters 
of the observation windows of the oven. The thermometer shall lie supported in a 
vertical position so that the bottom of the bulb is level with the bottom edge ol the 
cube. All cubes and tlie apparatus shall be at room temperaune wiien heating is 
begun (Note 3). 


Note l.-This mcilioil o( lest shall he u^cd nnh uith piiclics bavin- a iiichin-A point. 
cuhe-in-uatcT, over 80°C:. (17ti“l'.). In general, with piithtw of thiv melting point, the 
cuhe-in-air melting point is (i./'C. (12“I .) Ivnvei than the t nhe-in-w.itei inciting point. 
Results of melting point tests must always be reported in tcims of the tncthotl by which 
the lest is made. 

Note 2.— lu melting sainplc-s of pitch luiving a .softening point almvc (IR'i'-K.). at 

least -10 g. of the sample shall he melted for the preparation of spccimeiiv The .Minple 
shall not be heated above the temperature nece.vsai) to pom ilie niateiial le.idtU uith- 
out inclusion of air bubbles, and piccauiions .shall he taken m picvem local meihcating. 
If foam forms on the melted pilch, it .sliall be pcimiited to sepatate into a distinct laser, 
then removed .so that the specimens may he pomeil from piuli suhstaniiallv free Itnm 
foam. 

.Note 3.— With pitches having melting points in excevs of jr>0‘’C. (320*1.). it is pet- 
missible lo place the cube on the book at a icmpeiatme not above 70*(;. (1.7, 3^1'.). and 
to start healing with the oven ai a similar temperature. 


Heat shall be applied in such a manner tltat the temperature of the oven is 
raised 5°C. (I)’’!'.) each minute. This rate of rise in temperature shall be uniform 
and shall not be averaged over tire period of the test. *I’lie maximum permissible 
variation for any I-minuie period in tlie 10 minutes immediately preceding the 
dropping of the cube .shall be ±1.0*C. (1.8*F.). All ie.sts in which the rate of riser 
in temperature e.xceeds these limits .shall be rejected. 

The temperature recorded by tite thermometer at the instant the pitch drops 
to the bottom of the oven shall be leporled as tlie melting point. No correction 
shall be made for emergent stem of ilie thermometer. 


Precautions.-Care .shall be taken to avoid noticeable evolution of vapors duriin- 

the heating and melting of the pitch. If necessary, an oil or sand bath sliall be 
used. 

Not more than two cubes sliall be ru.i in the oven at the same time, and tliese 
shall be pitches with melting points not more than 5°C, (l)T'.) apart, I’hr tnhcx 
shidl be do.se to but not touching the thermometer and equidistant from it 

Owing to possible danger to healtli if mercury is iia.idled careleicsly. the follow- 
mg rules should be observed at all times. ^ 


1. Store the mercury in a dosed jug in a cool place. 

— Strictly avoid spilling any mercury. 

S. Remove mercury v.rpors by rvorking uuder a ruilablc hood rvi.l, 


good veiuila- 
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4. Keep amalgamated brass plates and otlier apparatus at a temperature no 
higher than normal room temperature. 

Kraemer and Samoa' Method.—ln this method the pitch to be tested is placed 
in a short length of brass or stainless steel tubing which is attached by rubber tub- 
ing to a longer piece of glass tubing. Five grams of mercury are then placed on the 
pitch and the assembly is heated at a controlled rate in a water bath. The 
temperature at which the mercury breaks tlirough the envelope of pitch is taken 
as the softening point. This method is standardized by the standardization of Tar 
Products Test Committee (British) as No. P.T. 2-57. 

VOLATILE MATTER 

This test is used for identifying various bituminous materials. Thus in the 
case of asphalts, die volatilization test will often serve to identify soft native 
asphalts, which contain larger percentages of volatile matter than soft residual 
or blown petroleum asphalts. Cut-back products also carry a large percentage 
of volatile constituents. 

The test may also be used to determine the adaptability of a bituminous sub- 
stance for certain definite purposes, where it becomes necessary to heat it to high 
temperatures, as in Uve paving industry or in manufacturing bituminized roofings 
and floorings. It serves as a valuable adjunct for gauging the uniformity of sup- 
ply and for purposes of factory control. It also furnishes an indication of the 
weatherproof properties of the material. Otlier things being equal, bituminous 
substances showing the smallest percentage of volatile matter will prove most 
weatherproof on exposure to the elements. It should be noted, however, that the 
volatility test alone must not be taken as the final criterion as to whether or not a 
bituminous substance is weatherproof, since other factors should also be taken into 
consideration. The volatility test may be regaided as an accelerated lest, showing 
the loss of volatile constituents exclusive of water which will take place upon ex- 
posure to the weather in a relatively thin layer for a long time. 

The following method has been adopted as standard in ASTM D6'39T: 

This test covers the determination of the loss m weight (exclusive of water) of 
oil and asphaltic compounds when hfeated as heieinafter prescribed. The material 
under examination shall, therefore, first be tested for water and if water is found 
to be present, it shall be removed by suitable methods of dehydration before tlie 
material is subjected to the loss on heating test; or another sample shall be ob- 
tained whiclv is free from water. 

Apparatus. Oven.— The oven sliall be rectangular in form with double walls and 
heated by electricity. Its interior dimensions shall be as follows: height, exclusive of 
space occupied by tlie heating element, not less than 29.21 cm. (11.5 in,); width and 
depth, not less than 29.85 cm, (11.75 in.). The oven shall be provided with a per- 
forated metal circular shelf approximately 24.8 cm. (9.75 in.) in diameter. A 
recommended form of aluminum shelf is shown in Fig. 28-9. This shelf shall be 
placed in the center of the oven, with respect to all dimensions of the interior of 
the same, suspended by a vertical shaft and provided with mechanical means for 
rotating it at the rate of .5 to 6 r.p.m. One side of tlie oven shall be hinged and 
equipped to serve as a tight-fitting door which shall contain a window at least 4 in. 
square, with double glass, through which a thermometer, located in front of and 
level with the revolving shelf, may be read without opening the door. 

The oven shall be adequately ventilated by convection currents of air. and for 
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Thermometer.— The thermometer shall Ijc f^raduatetl in C.’etiti'f^ratle degrees, the 
range being 155'’ to ITO’C. (.\STM UPC.). 

Container.— The container in which the sanq)le is to be tested shall be of metal 
or glass, cylindrical in shape, and shall have a Hat bottom. Its inside dimensions 
shall be substantially as follows; diameter, 55 mm. (2.17 in.); depth. 115 mm. (1.38 
in.). 


Nonc.-The Anieiican Can Company’s 3-oiince Gill st\le nat-boUoin, seamless oint- 
ment box, deep pattern, rnUills these rcquiiemeius. 


Procedure.— The sample as received shall be thoroughly stirred and agitated, and 
warmed if necessary, to ensure a complete mi.xture before the portion for analysis is 
removed. 


Fifty grams of the water-free material to be tested shall be weighed into a taretl 
container conforming to the foregoing retiuiremenls. The oven shall be brou'dtt 
to a temperature of 163“C. (325 T'.), and the bo.x containing the sample placed'^in 
one of the recesses of the revolving shelf. The oven shall then be closed and the 
shelf rotated 5 to 6 r.p.m. during the entire test. The temperature shall be nnin- 
taiued at 168- ± 1-C. (325- ± 1.8-F.) tor 6 l.ours alter .l,c saniple has I, ecu iutro- 
duced and the oven has again reached that temperature. The 5-hour period shall 
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start when the temperature reaches I62“C. and in no case shall the total time 
that a sample is in the oven be more than 5 hours and 15 minutes. The sample 
shall be removed from tlie oven, cooled, and weighed, and the loss due to volatiliza- 
tion calculated. 

Determine temperatures by means of the specified thermometer which shall be 
supported from the shaft of the circular shelf in a vertical position approximately 
1.9 cm. (0.75 in.) inside the periphery of the shelf, and with the bottom of the 
thermometer bulb 0.25 in. above tite slielf. 

Under ordinary circumstances a number of samples having about die same 
degree of volatility may be tested at the same time. Samples varying greatly in 
\olatility should be tested separately. Where extreme accuracy is required, not 
more than one material should be tested at one time and duplicate samples of it 
should be placed simultaneously in the oven. Such duplicates shall check within 
the limits of accuracy given below. Results obtained on samples showing evi- 
dences of foaming during the test shall be rejected. 

Up to 5% loss in weight, the results obtained may be considered as correct 
within 0.5. Above 5% loss in weight the numerical limit of error increases 0.01 
for every 0.5% increase in loss by volatilization, as follows: 


V6/ati/uation 

Numerical 

True Volatilization 

iow, % 

Correction 

Losst % 

5.0 

±0.50 

4.50-5.50 

5.5 

±0.51 

4.91-6.01 

6.0 

±0.52 

5.48-6.52 

10.0 

±0.60 

9.40-10.60 

15.0 

±0.70 

14.30-15.70 

25.0 

±0.90 

24.10-25.90 

40.0 

±1.20 

38.80-41.20 


Note.— I f additional periods of hc.iiing are desired, it is recommended that thej be made 
ill successive increments of 5 hours each. When the pencuaiion or other characieruiics 
of the sanipie after heating are required, melt tlte residue in the container at the lowest 
possible temperature and fhorooglWy mix bj stirring, taking care to a\oid incorporating 
air hubbies m the mass. Then bring it to the standard lemperatuie and test as pre- 
scribed. 


I'EST FOR RESIDUE OF SPECIFIED PENETRATION 

This test is used principally for testing road oils, in determining the so-called 
usplialt content, and is carried out by evaporating the specimen under carefully 
controlled conditions until the residue shows a penetration of 100 at 77' F. (100 g-, 
5 seconds). The percentage by weight of residue is recorded and furnishes an 
indication of the quantity of constituents present which may be depended upon 
to contribute to the durability of the pavement. It will serve to differentiate be* 
tueen straight-distilled and cut-back products. This test has been standardized 
as follows as ASTM D243-36. 

Tills method of test covers the determination of percentage of residue having 
a specified penetration at 100 g., 5 seconds. 25'C. (77'F.), obtained by heating a 
road oil or a semisolid asphalt having a penetration of more than 100, at a tem- 
perature of 249' to 260'C. (480* to 500'F.). When the penetration of the residue 
is not otherwise stated it sliall be understood to be 100. The residue obtained is 
available for testing as desired. 

Apparatus.— The apparatus shall consist of a container, heating faatli, hot plate, 
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(2yi in.) in dlumettr and 13 inra- m-) in dnplli. 

N0T£.-Thc .Miiciran C.uHainM.anl') duu.K. Gill -ulc lla.-l.i....«n. 

nient box, deep patlcrn. fullliMs ibcNe luiuuttntii 

He itin- Bath.-The healing hath .shall he a ca.si-inm uu-iuth pe. mining the im- 
mersimi of the container to a depth of Wi in. iluonglt an opening .i,yn. 
diameter than the container. U shall support the contamer !, in. above the 
plate and with at least 14 in. free air 
space between the sides of the container 
and of the air bath below the open- 
ing. suitable air bath is shown in 
Fig^ 28-10. 

Air Bath.-The air bath .sliall be 
heated upon a suitably mounted hot 
plate, heated either electrically or by 
means of a gas flame. 1 he plate shall 
be capable of maintaining the sample 
continuously at the recpiired tempera- 
ture, and apparatus necessary to fulfill 
this rccpiirement, sucli as a rheo.stat or 
gas pressure regulator, shall be provided. 

Thermometer.-Tlie thermometer 
shall conform to the following reejuire- 
ments. These specifications cover a spe- 
cial thermometer graduated to either 
Centigrade or Fahrenlieit degrees as 
specified, the ranges lieiug —O'’ to 
-i-lOO'C., or +20“ to -PTOOT*.. re.spec- 
tively (.VSTM I1“C. or ITF.). The 
sample as received shall be thoroughly 
stirred and agitated, to ensure a com- 
plete mi.xture before the portion for 
testing is removed. 

Procedure -Ow hundred grams (100.00 ;i; 0.10 g.) of the material to be tested 
shall be weighed into a tared container, which shall then be placed in ilie air bath 
in position to be heated. The thermoiuctcr shall be supported in the sample ccpii- 
distant from the sides of the container and with the bottom of the bulb neither 
more tlian Vi in. above nor touching the bottom of the container. 'Fhe bulb shall be 
completely immersed in the sample throughout the heating. .An assembly of the 
apparatus is shown in Fig. 28-11. 

Fhe sample should be heated as rapidly' as po.ssible, to prevent foaming, to a 
temperature of 249“C. ('180“F.) and during the evaporation, the temperature shall 
be maintained between 2‘19“C. (•180“F.) and 2G0“C. (500“ F.). The .sample shall 
be stirred with the thermometer from time to lime to prevent local overheatin- 
and, to maintain a homogeneous sample, all cakes of hardened bitumen which 
form at the sides of the container .shall be fluxed in the sample. 

An experienced operator can judge uppvoximaiely what percentage of residue 
he should obtain to secure the de.sircd penetration. When it is suppo.sed that 
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the residue will show the required penetration, the bitumen on the tliermometer 
which may be readily scraped off shall be returned to tlie container, whicli then 
shall be removed from the air bath, cooled and weighed. The penetration ol tlie 
residue shall then be determined with the exception that tlie 6-ounce container in 
which the evaporation has been conducted, shall be used instead of the 3-ounce 
container specified in the test for "penetration." 

It frequently is necessary to make several trials before a residue of the required 
penetration is obtained. If it is deiennined to be greater than that required, all 
water shall be removed from the container and the surface of the sample, and 
the heating and determination of penetration may be 
repeated as before. Ordinarily a residue shall be con- 
sidered as satisfactorily obtained when its penetration is 
within 15 of tliat desired, and its percentage by weight 
of the original sample shall be calculated. When it is 
necessary to determine more precisely the percentage ol 
residue having the specified penetration, sucli a percent 
age shall be computed by interpolation between percent- 
ages of two residues, one having a penetration greater 
and one having a penetration lower tJian that specified. 
The percentage shall be reported as: 

Percentage of lesidue of penetration (determined 

) staling, first, the specified penetration, .and second, 

the penetration actually deiernnnca for the sample tested 
or calculated by interpolation. 

Certain types of road oil will readily form rings ol 
hard asphalt at the side of the container. Great care 
sliouid be taken that tin’s material be completely fluxed 
in the sample before tlie penetration of the residue is 
determined. Duplicate determinations should not differ 
by more lliaii 1.0% with the same operator nor more 
than 2.5% betw'een different laboratories. 

In case it is desired to determine die residue of specified penetration witli the 
elimination of oxidation effects, a vacuum distillation melliod may be used which 
has been standardized as ASTM D1 189-61. 

FLASH POINT 

A number of flash-point testers are in use, irjcluding the Pensky-Martens (ASTM 
D93-61). Cleveland Open Cup (ASTM D92-57), and tlie Tag types (ASTM 
D1310-59T), which are fully described in Chapter 40. 

FIXED CARBON 

The same procedure may be followed as for testing Coal (Volatile Combustible 
Matter) as described on p. 1152. 

This test which has been standardized as ASTM D271-58 involves Iieating 1 g- 
of the sample under controlled conditions at 950 ± 20'’C. for 7 minutes and de- 
termining the loss in weight- 

The Conradson carbon residue test may also be used to determine fixed carbon. 
This test is standardized as ASTM D189^1. 




Fig. 28-11. Assembly of 
Apparatus for Evapora- 
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DISTI ELATION 11' S'E 

The value of this test is to ascertain the adaptability of bituniitious materials 
for a given use, generally for road treatment; for gauging the unifurinity oE sup- 
ply, for purposes of factory control, and, most important of all, as a criterion of 
the quality. This test is generally applied to tar products as an et|uivaleut of the 
volatility test becomes of vtilue in identifying the kind used (upon determining the 
specific gravity of the fractions distilled). ;is a means of distinguishing a cut-back 
tar from a straight-distilled tar (upon determining the specific gravity of the ftat- 
tions, their viscosity, and the fusing point of the resitluc), and for detecting the 
presence of abnormal amounts of naphthalene. 

This test has been statidardi/ed as follows as .A.S'f.M DliO-'ni; 

FOR ROAD OILS {ASPHALTIC AND COAL-TAR PITCH), liTC. 

Apparatus.— Abe apparatus consists of a llask, condenser tube, shield rc<ei\eis 
and thermometers as specified. 



(a) Flask.-The distillation flask. Fig. sh ill 1 .. 
having the following dimensions: ^ " 


••ihle tieck distilling llask. 


B6 

O') 


Diameter of bulb, outside, mm. 

Diameter of neck, inside, mm.. 

Diameter of tubulature, inside mm 

Height of flask, outside, mm 10-0 

Vertical distance bottom of biiib outsidi- m ’ 

LenSTf mbu^amre, mm^ W 


d: I . .s 
-± 1.0 
0..T 

± 1.5 

i 1 .5 
d- 5.0 

-u 1 


Length of taoered r.,™ 


LO to 1.5 
suitable form of 


12.5 ± 1.5 

28.5 ± 3.0 

tapered part, mm' i 4.0 

100.0 5.0 


tapered 
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(c) Shield.— A galvanized iron shield, lined with H-in. asbestos, of the form and 
dimensions shown in Fig. 28-13 sliall be used to protect the flask from air cur- 
rents and to prevent radiation. The cover (top) may be of transite board made in 
two parts, or it may be of galvanized iron lined with ^^-in. asbestos. 

(d) Receiver.— The distillates shall be collected in tared Ericnmeyer flasks having 
a capacity of 50 to 100 ml. 

(e) Thermometer.— The thermometer shall be graduated in eitlier Centigrade or 
Fahrenheit degrees as specified, the range being from 0* to 100*0. or 30® to 760*F., 
respectively (ASTM 8*C. or 8®F.). 



made of 22 gage gatvanhed provided et right engles 

iron with atbestot llfimg to t/,, g„J j/gj, 

riveted to metaL ' 

Fic. 28-13. Shield. 

Procedure.- The sample, as received, shall be thoroughly stirred and agitated, 
warming if necessary, to ensure a complete mixture before die portion for anal)sis 
is removed. 

The material may be tested for distilUliou without dehydration, if water n 
present not to exceed 2.0%. If water is present in excess of 2.0%, the bituminous 
material shall be dehydrated before testing, by distilling 500 ml. in an SOO-mh 
copper still provided with a water-cooled condenser, the distillate being caught iu 
a separatory funnel. When all the water has been expelled, the distillate is al- 
lowed to settle, the water drawn off and the oils returned to the residue in the 
still after the contents have cooled below 212*F. 

The flask sliall be supported on a tripod or rings over two sheets of 20 inesli 
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IIS I 


Vi 

,„u.c, 150 ..oarc, “ f Snlionlaa'll' .m srirm' i'u.l;."’; 

of the tubuluture and neck of the flabk. 

The axis of the (lask tlirough ilte iicck sitail he \eiiua!. . » i 

The distance from the bulb of the thermometer to tile outlet end of the com 
den tube shall be nol n.ove .l>an 510 noe less .ban 51.0 1 he bn, ne, shnnid 

hp nrntected from drafts by a suitable .shield oi chmmcs. , ,, , 

cine hundred grams (100 i 0.1 g.) of the .sample .shall be weighed into the lask. 
the apparatus assembled and heat applied so that the Inst drop come.s over in from 
5 to 15 minutes. The distillation shall be comhuted at the late of between aO 
•md 70 drops per minute and the distillate tollectetl in weighed icceivcis. 



The condenser tube shall be warmetl whenever necessary to pi event accumul.i- 
tion of solid distillates. The fractions shall he collectetl at the points desig- 
nated by the specifications. The receivers shall be changed when the ther- 
mometer Indicates the ma.ximum temperature for each fraction. When the ina\i- 
mum specified temperature of the test is indicateil by the thermometei, tile flame 
shall be removed and any oil which has condensetl in the condenser tube shall 
be drained into the last fraction. 

The residue shall remain in the flask, with the cork and thermometer in posi- 
tion, until no vapors are visible and it .shall then be weighed. If tests of the 
residue are veciuired, the flask shall then be inclined so that the residue will How 
around the sides, thus collecting any condensed vajiors that may be on the siiles of 
the flask, after which the residue .shall be poured into a suitable receptacle ami 
covered. If the residue becomes so cool that it cannot be pouretl readily from the 
flask, It shall be reheated to a temperature not exceeding IfiO’C. by hoUling the 
bulb of the flask in a suitable bath and not by the application of flame. ^ For 

weighing the receivers and fractions, a balance accurate to at least 0.05 " shall 
be used. • • ts- 


During the progre.ss of the distillation the thermometer shall retnain in its ori'^- 
inal position. No correction shall be made for the emergent stem of the llier- 
raometer, but if ,he altitutle „i which the ,lis,ill,„i„„ is exceeds 1111)0 ft. 

above sea level, adjust the temperatures in accordance with 'rable ‘d8-5. 'I'hc re- 
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Table 28«3 


Elevation Fractionation Temperatures for 

Above Sea Various Altitudes, ®C. 

Level, ft. 


0 

170 

200 

235 

270 

300 

355 

1000 

169 

198 

233 

268 

298 

353 

1500 

168 

198 

232 

267 

297 

352 

2000 

167 

197 

231 

266 

296 

351 

2500 

167 

196 

230 

265 

295 

350 

3000 

166 

195 

230 

264 

294 

349 

3500 

165 

195 

229 

263 

293 

348 

4000 

165 

194 

228 

263 

292 

347 

4500 

164 

193 

227 

262 

291 

346 

5000 

164 

192 

226 

261 

290 

345 

5500 

163 

192 

225 

260 

289 

344 

(5000 

162 

191 

225 

260 

288 

343 


suits of the distillation test shall be reported in percentages by weight of water- 
free material. 


FOR CUT-BACK ASPHALTIC PRODUCTS 
In testing cut-back asphaltic products, the foregoing meUiod is modified in the 
following particulars and is standardized as ASTM D402-55. 

Apparatus. Condenser.— The condenser shall consist of a 250-mm. standard glass- 
jacketed condenser (Fig. 28-15). 



Tic. 28-15. Distillation Apparatus Assembly for Cut-Back Asphaltic Products. 
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The following dimensions are recommended: 

Length of jacket, excluding necks, mm. 2o0 ±S 

Outside diameter of expanded end of condenser ^ ^ 

inm* »«•••»•♦••«••••••••*'** * 

Outside diameter of condenser tube proper, mm i . IJv 

Length of condenser tube, mm \ 

Lengtli of expanded end of tube, mm 



outlet end shall be ground to an angle of -15'’ m 5“ with the instde vertical. 

Plask.-The flask shall be a 500-ml. side-neck distillation flask liaving the follow- 
ing dimensions: 


Diameter of bulb, outside, mm 

Diameter of neck, inside, mm 

Diameter of tubulature, inside, inm 

Height of flask, outside, mm 

Vertical distance from bottom of bulb, outside, to 
horizontal tangent at tubulature, inside, mm. . . 

Length of tubulature, mm 

Angle of tubul.'iture, degrcc-s 

Thickness of tubulature wall, mm 


103 -J: 2.0 
25 ± 1.2 
10 ± 0.5 
135 ± 5 

105 3 

220 5 

75 ± 3 
1.0 to 1.5 


Iron Shield.— A galvanized iron shield lified with H-in. asbestos and fitted with 
transparent covered windows of the form shown in Fig. 2H-1I is used to protect 
the flask from air currents and to prevent radiation. T’he cover (toji) shall be 
made in two parts and may be of transite boartl or of galvani/etl it on lined with 
jr|-in, asbestos. 

Thermometer.— The thermometer vised is an .ASTM partial iinnicrsion 3*F. or 
3'’C. having a range, respectively, of 20“ to 7()0“F. or -5“ to KHLC. 

Receivers.— The receivers shall be graduated cylimlers, of unifonii diameter, with 
a pressed or molded base and a lipped top. The overall hciglu shall be not less than 
24.8 cm. (9% in.) nor move than 2G.() cm. (H)'/i in.). 'Flic cylinder shall be grad- 
uated in single milliliters to contain 100 ml., and tlie graduated poi tiou sli.ill be not 
less than 17.78 an. (7 in.) nor more than 20.32 cm. (8 in.) in length. Each fifth grad- 
uation shall be distinguished by a longer line, and the graduations shall be num- 
bered from die bottom up at intervals of 10 ml. Tlte graduations shall not be in 
error by more than 1 ml. at any point otv the scale. 

rive flask shall be suppoitetl on :i tripod or ring over two siicets of 20-iucsh 
gauze, 150-mm. sc[uare as sliown in Fig. 28-15. It shall he connected to the con- 
denser tube by a tight cork joint. The thermometer shall be inserted through i 
cork m die neck with the bottom of the bulb v, in. froju the bottom of the flask 
The axis of the flask through the neck shall be vertical. The distance from the- 
neck of the flask to the outlet end of the cotidenser tube shall be not more th iu 

700 nor less than 600 mm. The burner should be protected from ilrafis bv i 
suitable shield or chimney. ' 

The adapter shall be adjusted over the cud of the coiidciiser tube so as to con. 
duct the dtst, Hate ...» the receiver, aucl the top of the receiver shall he covered 

the receiver at least .54 cut. <1 In.j ‘"unll'T 
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laboratory air temperature is between 12.8* and 18. 3*0. (55® and 65®F.) the re* 
ceiver shall be immersed up to the 100*ml. mark in a transparent bath maimainec! 
between these temperatures. The condenser tube shall be clean and dry. 

Two hundred milliliters (calculated from tlie specific gravity of the material at 
15.5*C. (60®F.)) of the sample shall be weighed into the flask, the apparatus assem- 
bled and heat applied so that the first drop comes over in from 5 to 15 minutes. 

The distillation shall be conducted so as to maintain the following rates: 

50 to 70 drops per minute to SOO^F. (260*C.) 

20 to 70 drops per minute between SOO^F. (260®C.) and 600°F. (316°C.) 

Not more than 10 minutes should be allowed for completion of the distillation 
from 600®F. (316®C.) to 680*F. (360“C.), with the exception that, near the end of 
the distillation, the heat input shall not be so rapid as to result in a temperature 
in excess of 680*F. (360®C.) after the flame has been removed. Should the sample 
foam, the distillation rate will have to be reduced, but the normal rate shall be 
resumed as soon as possible. If excess foaming persists, the distillation may be 
more easily controlled by applying the flame near tire edge of the bulb instead of 
at the center of same. The distillate shall be collected in the specified receivers, 
and the volume of distillate at all specified temperatures recorded. The volume of 
any separated water shall also be recorded. When the maximum specified tem- 
perature of the test is indicated by the thermometer, the flame shall be removed 
and the residue poured immediately into an 8-ounce tin box placed on its corer to 
prevent too rapid cooling at the bottom. Any oil which may remain in the con- 
denser tube shall be drained into the last receiver. 

As soon as no further vaporization is apparent, the residue shall be stirred to 
ensure homogeneity, and then poured into the necessary apparatus for the re- 
quired tests. During the progress of Ute distillation the thermometer shall re- 
main in its original position. No correction shall be made for the emergent stem 
of the thermometer. Temperatures to be observed in the distillation test shall 
be corrected for the effect of the altitude ol the laboratory in which tire test is 
made. 

The results of the distillation lest shall be reported in percentage by volume 
of water-free material. 

For testing creosote, tar, petroleum, and mixtures of creosote with tars or pe- 
troleum used for wood preservation, the method of distillation is standardized as 
ASTM D246-59. Tliis differs from ASTM D20-56 described above in that the 
thermometer is placed 12 to 13 mm. above the surface o£ the liquid in the flask 
and the rate of distillation is 80 to lOO drops per minute. Also, the use of elec- 
tric heat is optional. 


SOLUBILITY TESTS 

SOLUBILITY IN CARBON DISULFIDE 
This test is useful for purposes of identification, for ascertaining the adaptability 
of a bituminous substance for a given purpose, for gauging its uniformity of stip' 
ply, and as a criterion of its quality (i.e., purity) and consequently its intrinsic 
value. Crude bituminous materials are often purchased on the basis of the per- 
ccniage soluble in carbon disulfide. In the case of native asphalts, the lai^cr the 
percentage soluble in carbon disulfide, the greater will be their intrinsic value. 
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The percentage ancl composition of the mineral matter will often iiul.cate tin; 
^ou J or tl,c°nalivc aspl.il.s, Aspl,al« .lorivcd fron. pc.roku.n 
free from mineral constituents, ami with the possible exception of U c ii.iitki 
.rracles, contain little to no uonmvueral matter insoluble in carlion (lisullule, 

With a native asphalt containing over 10% of mineral matter, it is necessaiy trj 
separate the portion soluble in carbon disulfide before astertaming its pliysic.ii 
characteristics, fusing point, and sometimes fixed carbon, in wlmii case the solu ile 
constituents shoultl he recovered as will be described. ^ ^ 

The determination of the carbon disulfide soluble (bitumen) in a s.tniple 
bituminous material has been standardiml by the .A.S'I'.M under the de-.ignation 

01-52 and is performed as follows: . . . • 

This method of test is intended for the delermin.uion of bitumen in material*, 
containing at least 25% bitumen. Bitumen may usually be expetlitioiisly and 
accurately determined by Procedure No. 1 (given subseijuenily). Ilowexer, some 
bituminous materials containing finely divitletl mineral matter may clog the liltei 
or the mineral residue may not be easily leiained. in which case Piotediire .\’o. 2 
shall be followed. 

Apljaratus.— The apparatus mate-rials shall consist of the following: 

(a) Gooch crucible, approximately -f.-I cm. in width at the toji, tapering to 15. <> 
cm. at the bottom, with a depth of 2.5 cm, 

(b) Asbestos (amphibole), Gooch grade, acid washed, in pieces not exceeding I 
cm. in length, shredded, and shaken up with water. 

(c) Beakers.— One 50 iul. beaker, (irillin low form, and one lad nil. beaker. Ciiil 
fin low form. 

(d) Carbon disulfide, c.p. 

(e) Filtering flask. 

(f) Filter tube. 

(g) Diatomaccous eartli filter aid. 

Preparation of Sample.-l'hc sample shall be representative, and if it coiuaiiis 
more than 2% of water it shall be dehydrated in accordance with, the .Standard 
Method of Test for Water in Creosote (A.S'I'.M l>37t)-5B). If the material is haul and 
brittle, it may be ground, and dried at a temperature below the temper;itme of 
volatilization of the material. 

Preparation of Gooch Grucible, — Insert the filler tube in the stopper of the 
filteiing flask, set the Gooch crucible in the filtering tube, and connect the- flask 
to the suction pump. Fill the crucible with .some of the suspension of asbestos in 
water, allow it partly to settle in the crucible, and apply a liglu suction to draw off 
the water, leaving a firm mat of asbestos in the crucible. Add more suspended 
asbestos ami repeat the process until a mat is built up whicli. after ignition, will 
weigh 0.5 ±0.1 g. (Note). Wash the asbestos mat thoroughly with water drv 
in the oven, and ignite to a dull red heat. Cool the crucible in the desiccatoi', 
weigh, ancl replace it in the dry filter tube supported in the clean, dry filtering flask. 

aki). The aeiglns oC ali, 1.. V hSl'’';;iS:;;.e 

specified limits to ensure leprodtidlile re.sults. ’ ‘ f'‘-‘P' vvttlnn tlic 

add ,00 or caehon disoif.de r„ .he h^au'er io Ill 'r,'):,.::. 
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agitation, until all lumps disappear and nothing adheres to the beaker. Cover the 
beaker with a u-atdi glass and set it aside for 15 minutes. 

(b) Decant the carbon disulfide solution carefully through the asbestos mat in 
the prepared GoocJi crucible, with or without light suction as may be necessary, 
retaining as much sediment as possible in the beaker until the solution has drained 
through the mat. Wash the beaker with a small amount of carbon disulfide and 
transfer all sediment from the beaker to the asbestos mat. Wash with carbon 
disulfide until the filtrate Is substantially colorless, then apply strong suction to re- 
move tile remaining carbon disulfide. Remove tlie Gooch crucible from tlie tube, 
wash the bottom free of any bitumen, and place the crucible on top of the oven 
until practically all of the carbon disulfide has been driven off. Place in an oven 
at 110° dz I0°C. for at least 20 minutes. Cool in a desiccator and weigh. 

(c) If insoluble matter adheres to the beaker, dry the beaker in the oven at 110*C. 
and weigh. Add the weight of this adherent material as a correction to the weight 
of die insoluble matter in the Gooch crucible. 

(d) If a determination of mineral matter be required, ignite the Gooch crucible 
from paragraph (5) at a red heat until any black or glowing spots are burned pfF. 
Cool in a desiccator and weigh. The correction, paragraph (c), shall be added 
to the weight of mineral matter In tlie Goodi crucible. If a carbonate mineral is 
present, add to Uie ignited mineral matter a few drops of ammonium carbonate 
solution, dry at I00*C., heat for a few minutes to a dull red heat, cool in a desic- 
cator, and weigh (Note). 

XoTC.— in the event tliat water-soluble salts insoluble in carbon disulfide are pres- 
ent, the amount of these sales may be determined in accordance with the procedure 
described in the 1937 Report of Committee D-4 on Road and Paving Materials (Vol. 37, 
I»ari I). 

(e) If there is any question involving the amount of mineral matter that may 
have passed through the filter, a correction may be determined as described in 
paragraph (d) of Procedure No. 2. 

Procedure No. 2 (Substantial Amount of Finely Divided Insoluble Matter PreS’ 
ent).—(a) Weigh approximately 2 g. of the sample into a tared 30-ml. beaker. Add 
about 0.5 g., weiglied to the nearest O-OOI g., of freshly ignited diatomaceous earth 
filter aid. Cover with about 25 ml. of carbon disulfide and stir the filter aid into 
the liquid. Let stand, covered with a watch glass, at least 1 hour, stirring occasion- 
ally to dissolve the sample completely. 

(b) Immediately before starting the filtering process, stir the filter aid into the 
liejuid. Wet the asbestos pad in the Gooch crucible with carbon disulfide. Povir 
the solution from the beaker onto the Gooch pad, filling tiie Goocli crucible to 
the top. Apply light suction and, as Ute liquid filters through, pour tlie remain- 
ing contents of the 3b-inl. beaker into the crucible. Wash the beaker with a small 
amount of carbon disulfide and transfer all sediment from die beaker to the as- 
bestos mat. ^Vash widi carbon disulfide until the filtrate is substantially colorless, 
then .apply strong suction to remove the remaining carbon disulfide. Remove 
the crucible from the lube, wash the bottom free of any bitumen, and place on 
lop of the oven until practically all of the carbon disulfide has been driven olf. 
Place in the oven at U0° ± 10*C. for at least 20 minutes. Cool in a desiccator and 
vvcigh. 

(f) If insoluble matter adheres to tlic beaker, dry the beaker in the oven at 
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I10“C. and \veigh. Add the weight of llu's adliercnl niateriul as a correction to the 

weight of the insoluble ni;ttter in the Gooch crucible, , ■ i 

Id) Ignite the evaporating dish to a dull reil heat, coo! in a dc.siccatoi itud weigh. 
Pour the filtrate from the filtering flask into the dish and wasli the flask tiioioughls 
w'ith carbon disulfide, putting iliesc washings into the ilish also, IJurii off tlie t.ir- 
bon disulfide in a hood and ignite the residue until no black or glowing spots 
remain. Extreme care must be exercised during the ignition to prevent the light 
mineral matter from being blown qui of the dish, Clool in a dessicaior and weigh 
immediately. This weight shall be added as a tmiectioii to the weight of the 
insoluble matter in the Gooch crucible. 

' (e) If a determination of mineral matter be retpiired, ignite the Goocli cruciliie 

from paragiaph (b) at a red lieal until any black or ghiwing spots are burned olf. 
Cool in a desiccator and weigh. The corrections described in par.igraphs (c) and 
(d) shall be added to the weight of mineral matter in the Gooch crucible, ff a 
carbonate mineral is present, add to the ignited mineral matter a few drops of 
ammonium carbonate solution, dry at I0U‘'C.. heat for a few minutes to a dull red 
heat, cool in a desiccator and weigh. 

(/) The weight of filter aid used must be .subtracted fiom the total vveight of 
insoluble residue and also from the total weight of mineral iii.mer in the Gtrrrth 
crucible in order to obtain net weights. 

Calculations and Ucport.-Calculatc the bitmnen content, mineral matter, ;nu! 
difference as follows: 

Bitumen content, %, ,V = Iqq 


Mineral matter, %, }' = 


C- h D 
A 


A 


100 


Diflcrcnce = 100 — (.V -j- )') 

where A — weight of water-free sample 

B = net weight of insoluble residue 
C = net weight of ignited mineral matter 
D = total weight of correction 


Report the buumen content as a percenwge by weight of the water-free nmterial 
Also report mineral matter and difference, if rc(|uired. as percentages i,v wei<du 
of the water-free material. Report whether Procedure Xo. 1 or No w ,; usetf 


CARBENlvS 

The e.xpression “carbenes" has been applied to that portion of bituminous sub- 
stances soluble m carbon disulfidcglnu insohd.le in carbon tetrachloride d' is s r 
IS of value m identifying bituminous substances, gaugin- their uniforn 
ply for purposes of factory control, and as a cria-d^n 

hard natue asphalts and asphaltite.s, particularlv grahainite nonndlv' • * * 
percentage of carbenes. whereas-petroleum aspludts do not dioVc i I " 

they are overheated or overblown. If more th in 0 5^'' is 'V"'''"'’ 

asphalts their quality is to be regarded as questio.mble, C benel ZJT T-'' 
tars and pitches in varying amounts. * >-‘11 Dents aie fouiul m 
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Although carbeiies are (ouiid in grahamite and certain hard natural asphalts 
wJien tested as such, they disappear upon fluxing to a softer consistency. With pe- 
troleum asplialts, tars, and pitches, the carbcnes are of a different character, since 
they are insoluble in fluxes and do not disappear upon being so treated. 

The procedure for the determination of bitumen soluble in carbon tetrachloride 
has been standardi7ed as follous as ASTM DI65-f2: 

Procedure.— .\n amount of material wliicli shall contain approximately 1 g. of 
bitumen shall be ueighed into a tared Erleiimeyer flask. One hundred milliliters of 
chemically pure carbon tetrachloride shall be added to the flask in small portions 
with continued agitation until all lumps disappear and nothing adheres to die bot- 
tom. The flask shall be corked and set aside in subdued light for at least 12 hours. 

The Gooch crucible, prepared as for the determination of bitumen soluble in 
carbon disulfide shall be set up with the suction flask and the carbon tetrachlo- 
ride solution carefully decanted through the asbestos felt, witli or without light 
suction as may be found necessary. No sediment shall be allowed to go onto the 
filter. A small amount of carbon tetrachloride shall be used to wash down tlie 
sides of the flask and then the precipitate shall be brought onto the felt and die 
flask scrubbed widi a featlier if necessary to remove all precipitate. Tlie contents 
of the crucible shall be washed witJi carbon tetrachloride until the washings arc 
colorless. Suction shall be applied to the crucible to remove the carbon ictrachlo- 
ritic. The crucible shall be dried in the oven at 100* to I25*C. for 20 minutes, 
cooled in the desiccator, and weighed. 

In case insoluble matter adheres to the flask, it shall be dried and weighed, and 
tlic iticicase in weight over the original weight shall be added to the weight of 
insoluble matter in the crucible. 

In case there is any question involving the amount of mineral matter that may 
have passed through die filter, evaporate the filtrate and burn the bituminous 
icsiduc. U a carbonate mineral is present in the filtrate ash, add lo the ash a 
few drops of ammonium carbonate solution, and tiry at ]00*C., then lieat for a 
few minutes to a dull red heat, and cool in the desiccator. Weigh and add the 
weight of the ash obtained to the weight of matter insoluble in carbon tetra- 
chloride. 

The proportion of bitumen soluble in carbon tetrachloride shall be reported on 
the basis of total bitumen taken as 100: 

Proportion of bitumen soluble in carbon tetrachloride 

__ bitumen soluble in carbon tetrachloride 
total bitumen 

The dilfcreiicc between the percentages soluble in carbon disulfide and carbon 
tciradiloritlc, respectively, represents the per cent of "carbenes.'' 

SOLUBLE IN PEl'ROLEUM NAPHTHA 

This lest is employed mainly for purposes of identification. It is also used to a 
certain extent for determining the adaptability of bituminous substance for a given 
use, for gauging the uniformity of supply, and for purposes of factory control. As 
a general principle, Uie harder the bituminous product, the smaller will be the per- 
centage that dissolves in petroleum naptha. Asphaltitcs are relatively insoluble in 
this iiieiisiruuin. Mineral waxes, peat-, lignite- and sliale-tars or pitches arc laigely 
soluble, 'I he solubility of native .ind petroleum avjilialis varies, ilejicmling largely 
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upon their hardness, and also ht the case of petrolctnn asphalts upo.t the extent 
w which the distillation has been carrietl. Cloal-tar pitches are lelatneK n.solubic 

in 88° Baume petroleum naphtha. i .. i... 

The portion soluble in petroleum naphtha has been termed petroleiies 
some, and "malthenes” by others, whereas the noninineral constituents nisolnble 

in naphtha are generally referred to as “asphaltenes. , , - , 

Tf k imnortant that the petroleum naiihtha should be derived from petroleum 



bituminous substance. 

The results will be more consistent if the petroleum spirits is first washed with 
fuming sulfuric acid to remove the aromatic lousiiluenis. fhere appears to be 
no difference in the results if the precipitation is carrietl out at any temperature 
between 0“ and 32°C. As the boiling point of the petroleum spirits employed in 
making the test increases, the (|uantiiy of precipitate decreases. I he fraction below 
105°F. appears to give the most reliable results. 

.Asphaltenes show increasing .solubility in solvents in the order of their surface 
tension (e.g., ether, benzol, carbon disulfide, anti pyridine). Kther has been tetom* 
mended as a substitute for petroleum naphtha because it is a homogeneous sub- 
stance, not retjuiring standardi/aiion, and in adilition has good flocculating piop- 
erties and exerts a greatei' solvent action on hsdioxy aciiK present in tenain 
asphalts. 

This metliod is perfonned in tlie .same manner a.s ftir detei mining the portion 
soluble in carbon disulfide, petroleum naphtha being substittited for the latter. 
Hard bituminous substances shouUl be powilereil; litjuitl iriiumiiious substant.es 
flowed in a thin layer over the ijottom of the flask; ;md semisolid to senuli(|uid 
substances heated until fluid and distributeil in a thin layer to pteseni a gieatei 
surface to the solvent. It is advisable not to Use a stirring rotl. ;i,s this causes the 
bituminous substance to adhere to the inner .surface of the flask ami to the rod 
itself. The operation shouUl take place at room tempcraiuie. and ;iw;iy ftom the 
direct rays of the sun. The introduction of a weighed portion of long-fibered a.v 
bestos to the solution will a.ssi.st in its filtration. 

This method has been standardized fry the .American .Association of .State High- 
way Officials under the designation of A.A.SHO rir)-:!;-). It is not an A.S'FM 
Standard Alethod. 

The percentage of asphaltenes varies considerably; thus, with asphalts all hav- 
ing the same R. and B. fusing point of 110°F., the following are obtained: ex- 
uacted asphalt from Irinidad asphalt 37%, Mexican residttal asphalt C iii- 

tor.m resMuaCasphalc 12%. Colombian r«i<lnal asphalt lli%„ Illinois Mnlual 
asphalt 12%, Texas residual aspfialt 9 to 17%. 

BENZENE IN.SOLUBLE ("FREE CARBON”) 

This test IS generally used for testing tars and pitches for the presence of non- 
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manufacturing purposes, since the free carbon acts as so much inert matter. The 
term “free carbon" is a misnomer, since it is not elemental carbon, but a complex 
mixture of hydrocarbons of high molecular weight, containing 90.0 to 91.7%' 
carbon, 3.4 to 4.0% hydrogen, 1.0 to 1.2% nitrogen, 2.5 to 3.3% oxygen and 0.7 to 
1.4% sulfur, on the ash-free basis. The presence of hydrogen has been explained 
by the great absorptive power of carbon in its pure state, which retains. hydrocar- 
bons tenaciously, as well as hydrogen, which is not driven off at temperatures as 
high as 800*0. Free carbon is more soluble in aniline or pyridine than in benzene 
or carbon disulfide. Selenium oxyclUoride exerts the greatest solvent action- upon 
it, but unfortunately the residue cannot be freed from this solvent. It -is also 
partially decomposed by digesting with hot fuming nitric acid. 

The determination of benzene-insoluble matter has been standardized by the 
ASTM under the designation D367-49 and is performed as follows: 

These methods are intended for the determination of benzene-insoluble matter 
in creosote and creosote-coal tar solutions. The asbestos mat method is the pre- 
ferred method, whereas the porous tliimble method may be used as an alternate. 
The asbestos mat method gives accurate results and requires 3 or 4 hours less time 
than the porous thimble extraction method. 

ASBESTOS MAT METHOD 

Apparatus and Materials.— The apparatus and materials shall consist of the fol- 
lowing; 

(a) Filter Flask with crucible holder and means for producing a vacuum. 

(b) Asbestos Fiber.—A water suspension of medium-fiber acid-washed asbestos 
containing from 10 to 15 g. of asbestos per liter. 

(c) Filtering medium consisting of a Coors No. 3, or equivalent, Gooch filtering 

crucible approximately 35 mm. in diameter at the top, 22 mm. at the bottom, and 
40 mm, in height, containing a mat of medium-fiber acid-washed asbestos weighing 
at least 0,5 g. ‘ 

(d) Balance sensitive to 0.5 mg. 

(e) Benzene, 2* distillation range, conforming to the Standard Specifications for 
Indusiiial Grade Benzene (ASTM DB36-50). 

({) Acetone, c.p. 

Preparation of Filter Place the weighed Gooch crucible in the holder on 

the filter flask and pour in about 5 ml. of the well-shaken asbestos suspension. Lei 
stand for about 1 minute; then apply gentle suction and suck the mat dry. 
four increments the amount of suspension calculated to produce a mat weighing 
0.5 g. When the required amount of asbestos has been added, wash tlie sides of 
the crucible free of particles and wash the mat'at least three times with distilled 
water to ensure die removal of any loose material. Suck the crucible dry, remove 
it from the holder, and dry for at least I hour at 105* =b 5*G. Cool in a desic- 
cator and weigh. 

Procedure.— Use the original undehydrated sample. If necessary, heat the sample 
and stir until any crystalline material is in solution and the sample is homogeneous. 

Weigh the following size of sample, to the nearest 0.01 g., into a 100-ml. beaker 
or 125-ml. Erlenmeyer flask: 


New grade 1 creosote, g. 10 ± 1.0 

Used creosote and grade A solution, g 5 d: 0.5 

Grades G and B solutions, g 2.0 ± O.l 
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Warm 50 ml. of beii 7 .ene to a temperature of 50" to GU“C. and immedi.utl) . ! 
it to the sample, while stirring thoroughly. Continue stirring untd the .vnnplc is 
dispersed and the bottom of the beaker is clean. Bring the beaker or U.isk con- 
taining the solution to boiling on a hot plate. 

Wei'di a prepared crucible and mount in the section app.irains. l-ill the cru- 
cible halfway with boiling benzene and, with the suction turned on, slowly pour 
the mixture containing the sample into the crncilile belore the .solution first 
introduced has been drawn entirely through the asbestos mat. 1 ake care tiiat the 
mat is never free from licpiid, either during the addition of (he sohnion contain- 
ing the sample or during the subseipient washing with Ijeii/ene. T//a u vny im- 
portant. Wash the beaker or flask with hot ben/ene. u.sing ;i policeman until 
dean, and adding the washings to the crucible. Wa.sh the crucible and contents 
with hot benzene until the washings are colorless. Reduce the suction and wash 
the contents with acetone until the washings are colorless. Four additions of ap- 
proximately 5 ml. each arc usually suiritienl. 

Remove the crucible from the holder and wi[)e the outside clean with a p.tper 
wet with benzene. Dry at 105" u.- 5°C:. for 20 minutes, cool in a desiccator, and 


weigh. 

Determine the percentage of water in the original .sample in atcord.mce with the 
Standard Method of Test for Water in Creosote (.\.ST.\i D;{70-5H). 

Calculation.— Calculate the benzene-insoluble matter as a percentage of the water- 
free preservjitive, as follows: 


Benzene-insoluble matter, % 


100(. l - li) 100 

~c (i uF- 7)} 


where .1 = weight of crucible after filiration, in granrs 

B = weight of prepared crucible before filtration, in grains 
C = weight of sample used, in grams 
D = percentage of water in the .sample 


POROUS TlllMllI.E METHOD 

Apparatiis and Materials.— The apparatus and m.iterials shall coii-sist of the fol- 
lowing: 

(a) Extractor of the form shown in l-ig. 28-16, in which ;i thimble containin'* the 
sample is subjected to direct washing by the hot solvent. 'Fhe extraction Mask is 
fitted with a metal cap condenser. 

(b) Filtering medium consisting of a llat-bottom. 80- by 80-nnn.. RA DS alundum 
thimble. It shall be suspended within the extraction llask in a wire basket hum* 
from the condenser. 

(c) Balance sensitive to 0.5 mg. 

(d) Bemene, 2- distillalion range, contorniing to .-VSTM Specifications D.S3(i.aa. 
Procedt.re.-Use tlte or.g.nal undelty.lra.etl san.ple. If necessa, v. Let,, tite sample 

■"'wp l'"'," r'M ■n^ilerial ,s in solution ami tlte sample is l,on,o.geneons 

orT.?ra..t.e.'r;^r;: ' 


New grade I cresotc, g 

Used creosote and grade A'solution. e 
Grades B and G solutions, g. . . . 


10 ± 1.0 
5 ± 0.5 
2.0 ± O.l 
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Warm 50 ml. of benzene to a temperature of 50' to 60'C. and immediately add 
it to tlie sample, while stirring thoroughly. Continue stirring until the sample is 
dispersed and the bottom of the beaker is clean. 

Prepare the thimbles for use by removing any insoluble material with a brush and 
igniting at a bright red heat in a muffle or over a Meker burner until any com- 
bustible material has been burned off. Cool somewhat; then cool to room tem- 
perature in a desiccator and weigh. 

Wet a thoroughly clean, ignited and weighed tliimble with approximately 10 ml. 
of benzene, pour out the excess, and immediately transfer die benzene solution of 

the sample into the wetted thimble; 
the solution shall not more than half 
fill the tliimble at any time. Wash 
the beaker or flask with benzene, rub 
with a rubber policeman, and add the 
washings to the thimble. 

As soon as all the washings haie 
been added to the thimble, place in 
the extraction apparatus, which shall 
contain approximately 100 ml. of ben- 
zene. Heat sufficiently to maintain a 
continuous dropping of benzene from 
the condenser coil at a rate of not 
less dian 60 drops per minute and a 
maximum rate that will leave 15 mm. 
of the thimble empty. Continue the 
extraction until solvent dropping from 
the thimble U colorless, but for a pe- 
riod of at least S hours. 

After extraction, remove the thim- 
ble from the flask and allow to drain 
free from benzene. Dry the thimble 
at 105® ± S'C. for not less than 60 minutes, cool in a desiccator, and weigh- 

Calculation.— Calculate the benzene-insoluble matter as a percentage of the 
water-free preservative, as follows: 



-Water Outlet 

- Hook to Support 
Wife 

• Condenser 

-Alundum Thimble 

- Wire Support for 
Thimble 


Fic. 28-16. Extraction Flask. (Courtesy 
AST.Nf ) 


I00(A - B) 100 

Benzene-insoluble matter, %, = — X ^ 

o (luu — u) 

where A ~ weight of thimble after extraction, in grams 

B = weight of clean thimble before extraction, in grams 
C = weight of sample used, in grams 
D = percentage of water in the sample 

The ASTM method above has special reference to creosote and creosote-coal-tar 
solution. It may be used for coal-tar pitches, in which case the porous thimble al- 
ternate method should be used. 

Various modifications of the above method are in common industrial use. 
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TO I T EN E I N SO I Al B LE 

This test is usually performed by heating the pitch satuplc in toluene at IK) to 
100“C. and filtering through a sintered trucil)le. 'I'he test has been staudardi/ed 
by the Standardization of Tar Products Tests Camunittee (British) as Serial .No. 
P.T. 7-57. 

A typicul luodificcl method is? performed ;is follows. 

Pour 60 ml. of toluene into a lOU-ml. beaker containing the ciushcil and 
weighed sample, stirring continuously to ensiue complete mixture of the sam(jte 
and toluene and thorough dispersing of the iiisoluljle matter. Place the be.tker 
immediately on a steam bath or water bath, heat the solution to from 00'' to 100 Ci. 
and maintain at this temperature for a period of not less than UO not more titan 
:S0 minutes. Stir occasionally during this period and make ceitain that the sample 
is completely dispersed in the toluene. 

Kilter the hot toluene solution through a pieviously piepaied and weighed ex- 
traction thimble and use small additional cjuaniitics of toluene to ttaiisfer the 
insoluble material to tlie thimlile. When sufistantially all the toluene has ilr.iinetl 
from the thimltle, wash the thimfile and its (outeiits ome with a small (piantitc 
of benzene. 

Place the drained thimble in the extraction ajrparatus and extr.ut with lelluxiiig 
benzene as in ASTM D!jC)7-l‘) except that the time of exnaction shall be not less 
than 18 hours and not more than 21 hours. 


O U I O L I N E I .N'.SO I . L f B 1 .E 

This test has not been standardi/ed, but a typical method of pel funning the 
test follows. 

Apparatus.— The apparatus shall consist of: 

(a) Suction flask, 500-ml. capacity. 

(b) Filtering crucibles, Selas porcelain, medium porodty. 

(c) Crucible holders. 

(d) ^Vatel• bath, maintaiued at 70“ to 80“C. 

(e) Drying oven, maintained at 105“ to 110“C. 

(f) Filter aid, Celiie 505 (Non:). 

NOTE.-Celite gains weiglu slowly when expcweil u> air; llictcfore rapid wci-diini; is 
essential for accuracy. • i 


Reagents.- Uic. special reagents reejuived are; 

(a) 95% ciuinoline, K.P. -f9.0“C. minimum 95% shall distill within 2"C in- 
eluding the temperature of 257. 1°C. 

(b) Benzene, pure grade. 

Proc^dnre.-Prcparc a filtering crucible with a layer of approximately 0.5 g. of 
filter aid, and dry in an oven for 50 to fit) minutes at 105“ to II()“C: ('ool in i 
desiccator and weigh cpiickly for the tare weight (Notk). 


Noil-. -Crucibles must be cleaned before cacli test bv 
dicing, and igniting in a nudlle lurnace at approxiinatelv 
clean the cvudblc. .-\ficr six tests the crucible should be 
chlonc acid to clear residual ash from the (iUer pores. 


vejiioving the mat, washiim, 
950“C. lor sullicient time to 
washed in hot tlilutc liydio- 


Accurately weigh (rom 1 to 5 g. ol sa,n|ile (Nore) and place in a llll|.,nl be .t.-c 
contanniig a.ioiher (1.5000 g. o[ dried fdrer aid. Add M ,ul „f „,,i, 

d,ges. on a water bath at 70- to OO-C (or ,5 ,„i„„te,, .thrittg tcliriu^ nlle,' 
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through die prepared crucible, first wetting the crucible with a little quinoline and 
starting the suction before filtering. Rinse the beaker with another 25-ml. por- 
tion of warm quinoline. Police and wash the beaker and filter with small por- 
tions of benzene using a total of 100 ml. of benzene. Allow filter to drain com- 
pletely between each washing. 

Note.— Sample weight should be such as to yield 0.1 g. of quinoline insoluble. 

Suck the crucible dry for several minutes, then place in an oven for 30 minutes 
at 105® to 1I0®C. Cool in a desiccator and weigh quickly. 



where QI =» quinoline insoluble 

A =* final gross weight of the crucible (wt. of quinoline insol. 4* filter aid added 
to sample + tare wt. of crucible) 

B =s weight of filter aid added to sample (0.5000 g.) 

C = tare \veight of prepared crucible 
D = weight of sample taken 

ANTHRACENE OIL INSOLUBLE 

A typical method of performing tliis test requires' an anthracene oil as follows: 

Specific gravity at 15®C. 1.085 

Distillate to 250®C., maximum 10% 

Distillate to 315°C., minimum 32% 

Distillate to 355®C., maximum 51% 

Distillate to 355®C., minimum 64% 

A 2-g. sample of the pitch is placed in a flask and 100 ml. of anthracene oil added. 
Any water in the oil is driven off, and the material heated under reflux, for 50 
minutes. The hot solution is ilien Altered through a weighed Pyrex filtering au* 
cible and the insoluble material washed with hot pyridine and benzene. 

CHEMICAT TESTS 

DETERMINATION OF WATER 

The estimation of water is made in some cases for purposes of identification, and 
in others as a criterion of die quality. Native asphalts and tars are examined 
in this way to ascertain whether they exist in the crude or the dehydrated state. 
This test is also used for dehydrating bituminous substances to render them smt- 
able for further examination, where the presence of water would interfere. 

This method is adapted to crude petroleum, tars, creosote oil, and other fluid 
bituminous substances and is standardized as ASTM D370-58. 

Apparatus.— The apparatus is set up as shown in Fig. 28-17. The copper still is 
provided with a removable flanged top and yoke of the form and approximate 
dimensions shoivn in Fig. 28-18. 

The condenser consists of a copper trough carrying a straight-walled glass tube- 
The separatory funnel has a total capacity of 120 ml. with the outlet graduated iu 
fifths of a milliliter. 

■Procedure.— Pour 200 to 500 ml. of bituminous material into the still and weigh. 
Clamp the top in place, using a paper gasket moistened with lubricating oil. App ) 
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Fig. 28-17. Assembled Appanitus lor Water rest. (Couilesy .VST.M.) 

distillate in the separator)' funnel, and let it sianil until a clean scpajaiion of 
water takes place. Read olf tlie volume of water, calculate its wcit-hi, and li.ijure 
the per cent present in the crude bituminous material. 

VVdien it is desired to determine the percentage of 
moisture without usitig the residue for other purposes, a 
convenient method consists in distilling it with a solvent. 

The following procedure has been siaiulardi/eil as AS TM 
D95-58. 

Aljp(iralns.—Th(i apparatus shall consist of a metal still 
or glass flask, heated by suitable means and provided with 
a reflux condenser discharging into a trap connected to 
the still or flask. The trap serves to collect and measure 
the condenser water and to return the solvetu to the still. 

The type of distilling apparatus used is not an essential 
feature of this method, but glass has been generally used 
for peuoleum products and the metal still for road ma- 
terials and tars. ^ 

(a) The metal still (Fig. 28-19 (a)) shall be a vertical Fig. 28-18. Copnci Still, 

cylindrical vessel, preferably of copper, having a faced (Courte.sy .\S r.\l.) 

hange at die top to which the head is tightly attached 

by means of a clamp. The head shall be of metal, preferably of brass or copper 
and be provided with a tubulation 1 in. in inside diameter. * ‘ ’ 

(b) The glass flask (Fig. 28-19 (b)) shall be of the short-neck, round-bottom type 

made of well-annealed glass, having an approximate capacity of 500 ml. ' 

(c) The burner used with the metal still shall be a ring gas burner -1 in. (100 mm.) 
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in inside diameter. ^Viih the glass flask, an ordinary gas burner or electric Iieaiet 
may be used as the source of heat. The condenser shall be of the water-cooled, 
reflux, glass-tube type, having a condenser jacket not less than 400 mm. (15?^ in.) 
in length with an inner tube 9.5 to 12.7 mm. (% to i»-) in outside diameter. The 
end of the condenser to be inserted in the trap shall be ground off at an angle oi 
30“ from the vertical axis of the condenser. 

(d) The trap shall be made of well-annealed glass constructed in accordance with 
Fig. 28-lU (() and shall be gniduaied as shown, from 0 to 10 ml, in 0.1-mI. disisioiis. 



Ftc. 28’W. ilpparaius for Water Test. (Courtesy ASTM.) 


The error of any indicated capacity shall not be greater than 0.05 ml. The outside 
diameters should be preferably 2.5 to 3.5 mni. to in.) greater than the inside 
diameters specified. 

Solvent.~{n) The sol\cnt used when testing petroleum products or bituminous 
materirds derived from petroleum shall be a petroleum distillate, free from water, 
and shall conform to the following distillation requirements: 

distill at a temperature not below 194‘‘F. (90®C.) nor above 212“F. (100“C.) 

90% shall distill below 410®F. (210*0 

{b) I he solvent used when testing biiutnuious materials derived from coal pr, 
waier-g5is mr, etc, shall be xylene or a blend of 20% benzene and 80% xylene. 

Sampie.^lhc sample shall be thoroughly represcjiiative of the material to 
tested and the poriiojt of the sample used for the test shall be thoroughly repre- 
sentative of the sample itself. Oeviation from this requirement shall not be per- 
mined. 
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Note — The difficulties in obtaining proper representative samples for this determination 
are rumaU; gfeS Iha^ the impoiiSce'or sai^pling cannot be too strongly empiuiM.ed. 

Procedure.^m^cn the sample to be tested contains less than i»% of 
attly 100 ml. of tlie material to be tested siiall he placed into the still or (lask .tml 
thoroughly mixed with an equal volume of solvent i»y swirling, proper tare being 
taken to avoid any loss of material. If the material is measuied t>Y voliinie. an 
accurate 100-ml. graduated cylinder shall he used and the contents transferred to 
the still by rinsing with one 50-ml. portion of solvent, followed by two suaev 
sive 25-ml. portions of solvent, the cylinder lieing allowed to drain each time. 
When the sample to be tested contains more than 10% of water, the volume 
of material used shall be decreased to that which wilt yield somewhat levs titan 
10 ml, of water. 


.Note.— In special cases wliere (lie water conteiu exceeds and it is not desit.ihle to 
reduce the si/e of die .sample to that which will yield somewhat less than 10 iiil. of 
water, a distilling lube leceiver graduated bom 0 to ‘25 ml. may he used. This lube 
shall he graduated from 0 to 2 ml. in O.I ml., (tom 2 to '• ml. in 0.2 ml. and from a to 
25 ml. in 0.5 ml. 


The connections between the still or llask. nap. aiul condenser shall be made 
by means of light-fntiiig corks or standard taper giound joints. When the metal 
still is used, a heavy paper gasket nuiistenetl with the solvent shall he inseiieti 
between the lid and flange before attaching tlic* clamp. A loose cotton plug 
shall be inserted in the top of the condenser tube to prevent condensation of 
atmospheric moisture in the conden.scT tube. I'lie condenser tube and trap 
must be chemically clean to assure free drainage of water into the Innium of the 
trap. 

Heat shall then he applied and so regulated that the condensed distillate falls 
from the end of the condenser at the rate of from two to five drops per second. 
The ring burner used with the metal still should he placed about 5 in. above 
the bottom of the still at the beginning of the distillation and gt.ulnally lowered 
as the distillation proceeds. 

The distillation shall be continued at the specified rate until no water is visible 
on any part of the apparatus except at the liottom of the trap. 'I bis operation 
usually lecpiiies less than an iiour, A persistent ring of condc'iised water in the 
condenser tube shall be removed by increasing tile rate of distiliattoii or cutting oil 
the condenser water for a few minutes. 


rhe \olume of condensed water measured in the trap at room leniperaturc 
multiplied by 100 and divided by the volume of the sample used shall he the 
percentage of water and shall be reported a,s "... % water by volume ASl'M 
method.” 

The accuracy to be expected witli this method is that duplicate determinations 
of water should not differ from each other by more than one division on the trap. 


SULFONATION RESIDUE 

The sulfonation residue test i.s useful for distinguishing 
petroleum origin which have a high residue and materials of 
liave a loiv residue. 


between 

coal-tar 


materials of 
origin which 


The test is performed by heating the sample with 37 
unng the volume of the unsulfouated oil. 


A' sulfuric acid and 


meas- 
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The test has been standardized by the ASThI under the designation D872-48 
and is performed as follows; 

This metliod covers the test for determination of the sulfonation index of road 
tars. The method is intended for use in determining tlie sulfonation index of the 
total distillate to 300®C. (572*’F.), or of the fraction of the distillate from 300' to 
355'G. (572' to 671'F.), obtained by distillation of the road tar in accordance vdth 
the Standard Method of Test for Distillation of Tar Products Suitable for Road 
Treatment (ASTM D20-56). 

The sulfonation index of road tar is the number of milliliters of unsulfonated 
residue per 100 g. of tar when determined in accordance with this raetliod. 

Apparatus.— T\\& apparatus shall consist of the following: 

(a) Test Bottles.— The test bottles shall be made of good quality glass and shall 
be 6-in„ 18-g., either 8 or 10%, Babcock milk test bottles. The capacity to the 
base of the neck shall be 45 to 50 ml. The graduated portion of the bottle shall 
contain 1.60 ± 0.025 ml. for the 8% test bottle and 2.00 ± 0.025 ml. for the 10% 
test bottle (at a temperature of 25'C. (77'F.)) The 8% test bottle shall be grad- 
uated in eight major divisions with each major division further divided into ten 
subdivisions, and the 10% test bottle shall be graduated in ten major divisions 
with each major division further divided into five or ten subdivisions. Each line 
for the major divisions shall extend at least three-fourihs of the way around the 
neck and be numbered from the bottom I, 2, etc. Within the range from 0 to 8 
for the 8% test bottle and 0 to 10 for the 10% test bottle, the maximum error in 
volume shall not be greater than 0.025 ml. The graduation marks shall be clear 
and fine, not more than 0.3 mm. in width. The body of the bottles shall have a 
ground area of at least 2 sq. cm. for numbering. 

(b) Water Baths.— Two water baths, as follows: 

1. A water bath maintained at 25* ± 0.3*C. (77* i 0.5*F.) and of such depth that, 
when a test bottle is immersed, the upper level of its contents is belotv the surface 
of the water. 

2. A water bath maintained at 98* to lOO'C. (208* to 212“F.) and of sufficient 
depth to permit complete immersion of the body of the test bottle. 

Reagents, (a) Sulfuric Acid, 37 JV.— Prepare 37 A? H^SO^ by blending reagent- 
grade fuming and concentrated sulfuric acids to 98.61 ±0.2% H2SO4, as deter- 
mined by titration. 

(b) Sulfuric Acid, sp. gr. 1.84. 

Procedwre.—ia) Weigh 5 ± 0.1 g. of the distillate or fraction of distillate (first 
paragraph) into tire test bottle. If the distillate contains solid matter, warm the 
distillate in a liot-w’ater bath, while stirring until the solid matter has melted before 
taking the sample for testing. 

(6) Slowly add 10 ml. of 37 N HjjS04 *®st bottle from the buret in such a 

way as to wash down any distillate remaining in the neck of the bottle. Shake 
the test bottle for 2 minutes. Do not allow the temperature of this acid-distillate 
mixture to approach lOO'C. (212*F.), as indicated by the bottle becoming too 
warm to touch, or by the contents foaming excessively; cool the test bottle in ice 
water if necessary. If the distillate contains solid matter that does not readily dis- 
perse in die acid, warm the acid-distillate mixture in the hot-water bath to liquefy 
die solid matter. 

(c) Add 10 ml. more of 37 N H^SO^ as described in paragraph (5), and shake the 
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bottle vigorously for 30 seconds. Then place the test bottle in tlie water bath 

maintained at 98“ to 100“C. (208° to 212“F.). • i , t. . 

batli for 10 minutes remove iti sliake 

bath maintained 

boils over at this 


(d) After the test bottle has been in the batli for 10 mniutes iti 
vigorously for 30 seconds, and replace immediately in the water ba 
aAlS" to 100“C. (208“ to 212“!'.). If the acid-distillaie mixture boi 

statje, discard it and repeat the test. i r • m • , 

fe) Repeat the procedure described in paragraph (d) for a total of six 10-imnutc 

immersions and shakings. After the last shaking, allow the bottle to cool appioxi- 
mately to room temperature. 

(/) Add suincieut H...SO, (sp. gr. 1.81) to the contents of the lest bottle to r.tise 
the Ikiuid level in the neck to near the top of the graduations. Place the test 
bottle and its contents in the centrifuge and whirl at a speeit of .([ipioxim.itely 
1000 r.p.m. for 5 minutes. Remove the bottle from the centrifuge and place in 
the water bath at 25“C. (77“l'.) so that the contents of the bottle are immeised 
below the surface of the water. .After 10 minutes remote the test bottle from the 
bath and read the volume of the oil to within one-tenth of a major division. Re- 
peat the centrifuging until the volume of oil is constant. 

(g) Generally, the unsulfonatcd residue is a clear transparent oil. Occasionally 
some white or even dark-colored solids may lie present. In case solid materials 
appear that cannot be melted in the water bath without causing overilow of the 
bottle, make a new test. Follow the same procedure as described in p.iragraphs 

(a) to (/), except that upon removing the bottle from the hot-w.iter bath, after 
the six immersions and shakings [paragraph (e)], fill it immediately with lE.SO, 
(sp. gr. 1.84) to a point below the top of the graduations its allow room for ex- 
pansion. Whirl the bottle in the centrifuge for 3 minutes ami again heat for ') 
minutes in the water bath maintained at 98“ to UUJ“G. (208“ to 212'F.). Repeal 
this cycle until the volume of the oil is constant. .Make the final reading of the 
volume while the test bottle is immersed in the hot-water bath at 98“ to ItJU'C'.. 
(208“ to 212“F.). Any material that is solid at this temperature (resins) shall not 
be included as unsulfonated residue. 

(/i) After a constant oil volume has been obtained by centi ifuging, note the 
difference in the reading of the upper and lower meniscuses of the separateti oil. 
Multiply by 0.2 to obtain the number of milliliters of unsulfonated residue in the 
sample. 

Precauiions.-(fl) It is extremely important that all glassw.ire used in this test 
shall have been thoroughly cleaned and dried before use. 

(b) The recpiircd amount of vigorous shaking is very important, and in no case 
shall the designated number of shakings or the time of shaking he decreased below 
the limits set. It is also important that tlie shaking shall he such that the distil- 
late will be completely dispersed through the acid at the conclusion of each sliak- 
ing period. If excess foaming results from the shaking after any heulim' interval 
the bottle shall be cooled for 15 or 20 seconds in a cold-water bath, afteiMvhich the 
shaking can usually be continued without foaming of the contents 

(c) The rate of whirling may be decreased to avoid breakage of t’he test bottles. 
In all cases, however, the centrifuging shall be continued until a constant readim^ 
of the volume of unsulfonatcd residue is obtained. 

(d) If a separate layer of unsulfonatcd residue cannot be readily observed be- 
cause of its being dark colored or because of the presence of snlirlc -i r i 

o£ a of NaOH (.00 „.a.l ba aduiX a pi, .o X 
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bottle. Any portion soluble in this reagent shall Jiot be included as unsulfonated 
residue. 

Calculation and Report.— (a) Calculate the sulfonation index as follows: 

AB 

Sulfonation index = 

where A = milliliters of unsulfonated residue in the sample [paragraph (A) under 
Procedure] 

B = percentage, by weight, of distillate in the tar 
C — weight in grams of the sample of distillate 

(b) Report the sulfonation index to the nearest O.I 

SAPONIFIABLE CONSTITUENTS 

Certain bituminous substances, such as montan wax, rosin pitch, and fatty-aad 
pitch, are often composed largely of saponifiable constituents. Others, including 
pine tar, pine-tar pitch, hardwood tar, hardwood-tar pitch, peat tar, lignite tar. 
bone tar, bone-tar pilch, and other forms of fatty-acid pitches, contain smaller 
percentages. This test is also used for gauging the unifoimity of supply, and in 
the case of fatty-acid pitches, as a criterion of tlie quality. 

Procedure.— The following procedure may be used for examining bituminous ma- 
terials or admixtures of bituminous materials with animal or vegetable oils and fats, 
since the customary methods do not adapt themselves especially well, due to the 
formation of troublesome emulsions. The bituminous material is first freed from in 
soluble constituents, including any mineral matter, by boiling with benzene under 
a reflux condenser, cooling, and filtering through a Gooch crucible. The insoluble 
constituents are dried at lOO^C. and weighed. Suflicient of the bituminous sub- 
stance should be taken to yield approximately 5.0 g. of extract, The benzene 
solution is evaporated or distilled to 50 ml. and 50 ml. of the saponifying liquid 
added from a pipet. This should consist of a 10% solution of caustic potash, prC' 
pared by dissolving 100 of anhydrous potash in. 500 ml. of 95% ethyl alcohol, 
and diluting to a liter with 90% benzene. The liquid is allowed to stand over- 
night to permit any carbonate to settle, and the clear solution is decanted. After 
tlie saponifying agent is added, the mixture is boiled under a reflux condenser, 
for 30 to 60 minutes, and the contents of the flask, while still warm, poured in ^ 
separatory funnel containing 150 ml. of boiling water and 25 ml. of a 10% solu- 
tion of potassium chloride. Add 250 ml. of benzene, agitate vigorously, and allo^*^ 
the funnel to rest quietly in a warm place until the solvent separates. H 
emulsion forms which refuses to separate on standing, add 200 ml. more benzeii^ 
and 100 ml. 95% ethyl alcohol and stand in a warm place overnight. This 'vvil 
invariably effect a more or less complete separation of the solvent. ' From this 
point on the method is illustrated by the tabular outline on p. 1001, 

In the case of bituminous materials that are more or less completely saponifiabl^' 
the intermediate layer is apt to be absent. In this case the process will simplify 
itself considerably. The foregoing procedure will separate the unsaponifiable cou 
stituenis in practically an ash-free state. 
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Saponify as described. 




.'\qucous Soap Solulion. 
E.Khaust with 200-ml. portions of benzene. 


.Aqueous Soap 
Solution. 


Combined Hcnzcnc 
Extracts. 


Henzenr Layer. 


Combine and exliau-St witli 100-inl, por- 
tions of 50% alcohol. 


Benzene Solution. 


(xiinliincd .\lcoiiolie 
Extracts. 


Inlernicdi.itc Layer. 


Ciornbine and exhaust with benzene. 


Combined Benzene ! .\Icoholic .Soap Suht- 
Extracts. j tion. 


Combined evaporate to a small l)ulk, com- | 
pletc the evaporation at lOO'^C., c<K)1 and | 
weigh the Unuipcmifsahle Cnnsliltutih. 


Ojmbinc ■ • 


.Acidify with dilute hydrochloric acid, warm, and exhaust with henzme. .Separ.ite the 
aqueous solution containing the glycerol and mineral salts. Evapor.itc the combined benzene 
extracts to a small bulk, and then complete the evaporation of solvent at lUO'C. Ciool and 
weigh. Weight equals thc/rzz <iciJs derived from the saponifiable coiutiluetUs^ 


DIAZO REACriOiN’ 

This test is used for identifying; bituminous substaiucs containing plicnols, in- 
cluding wood tar and wood-tar pitch, oil-gas- and watcr-gas-tars anti piiclies. shale 
tat, peat- and lignitc-tars .ind pitclics, bone-tar, bone-tar pitch anti the various coal- 
tar pitches. 

This reaction is tarried out by boiling 2 g. of the Intinninous substance witii 
20 ml. iV aqueous sodium hydroxide. ft)r approximately .5 minutes. Alter tooling 
the liquid is filtered. If the filtrate is dark colored, it may be lightened bv shakitm 
w.itli finely pulverized sodium chloride anti altering. It is then tooleti hi he to 
10°C., and a few drops of freshly prepared benzenedia/onium chloride solutioti 
added .(prepared by dissolving 1 g. aniline liydrochloridc in 10 ml. water iml ‘5 ml 
25% hydrochloric acid, and then adding drop by drop, a saturated solution of 0 5 e 
sodium nitrite m water). To avoid the preparation of benze.iediazonium clilo'ritfe 
(which does not keep) the use of /z-diazobenzenest.lfonic acid may be substituted 
since It IS a more stable chemical and will keep well in stuck. If phenols ux- pre 
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ent, a more or less fugitive red coloration will result, sometimes accompanied by 
a reddish precipitate. 

Assuming that tlie bituminous substance gives the diazo reaction, the question 
will often arise whether the product is a straight-distilled pitch, or an asphalt 
''cut-back” with a high boiling-point distillate containing phenolic bodies, de- 
rived from coal tar, lignite tar, etc. Marcusson has worked out a method ap- 
plicable under these circumstances, which consists in dissolving 10 g. of the bi- 
tuminous substance in 15 ml. of benzene, and pouring the solution into 200 ml. 
of 88“ petroleum naphtha. The resulting precipitate is filtered and washed with 
petroleum naphtha and dried. It is ilien boiled for 15 minutes with 0.5 N alco- 
holic caustic potash under a reflux condenser to extract the phenols. The liquid 
is cooled and filtered, the alcohol evapointcd, and the residue dissolved in water. 
Sodium chloride is added to clarify the liquid and remove any substances impart- 
ing a dark color, tlie solution is filtered and the filtrate treated for the diazo lest 
described above. If a straight-distilled pilch containing phenols is present, a 
positive reaction will be obtained. If the original substance gives the diazo test, 
but the residue treated in the above wray does not, then the admixture of high 
boiling-point oils containing phenolic bodies with a substance free from phenols 
(e.g., asphalts, etc.) is established. It is claimed that the presence of as little as 
10% of pilch containing phenols may be detected in this manner. 

Where bituminous substances contain calcium carbonate, the phenolic bodies 
present combine with the lime, forming insoluble calcium phenolate which yields 
but a faint diazo reaction. Houetcr, on treating such substances with a solvent iu 
the presence of Iiydrochloric acid, the calcium phenolate is decomposed, and the 
diazo reaction becomes much more delicate. 

A still more sensitive test for ascertaining the presence of phenols (e.g., tars or 
pitches) in asphalts consists in the following; A reagent is prepared by dissolving 
0.2 g. p-nitroaniline in 20 ml, water and 5 ml. 20% sulfuric acid, whereupon 0.3 
g. sodium nitrite are added. Hard asphalts (3 to 4 g.) are ground la a mortar 
with 25 ml. water made alkaline with NaOH; Uicn filtered and the filtrate acidi- 
fied with H2SO4 and three drops of the foregoing reagent added. The solution is 
finally made alkaliue with. NaOH> vtlveceu-yvotv. the yvteveuce ^hevtoU will develop 
a more or less intense red coloration. It is claimed that the presence of 1% of 
tar or pitch may thus be detected, inasmuclt as a 1:25,000 solution of phenol will 
produce a blood-red color, and a 1:250,000 solution a pinkish-red color. Pure 
asphalts, on the other hand, yield a light-yellow color or leave the reagent un- 
changed. 


.ANTHRAQUINONE REACTION 
The anihraquinone reaction is used for detecting anthracene in tar products 
produced at high temperatures, including oil-gas-tar and pilch, water-gas-tar and 
pitch, and the various coal-tar pitches. This test is therefore valuable for pur- 
poses of identification. 

Tiie tar or pitch is first subjected to distillation in accordance with the retort 
method, the olFtake and condensing tube being kept warm to prevent the accumu- 
lation of any solid distillate. The distillate passing over between 270® and 
is caught separately and examined for anthracene in the following manner. The 
fraction is heated until it is thoroughly fluid to secure a uniform sample, and 5 g- 
weighed out, while hot. After cooling, 10 ml. of absolute ethyl alcohol are added, 
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the solids allowed to crystallize and the liquid decanted. One to 2 g. of solid 
substances containing the anthracene are dried on a water bath, transferretl to a 
5()0-inl. flask connected with a return condenser, -15 nil. of glacial acetic acid addetl. 
and the contents boiled for 2 hours. 'I'hc following mixture is then added drop 
by drop dirough a separatory funnel: 15 g. of anhydrous chromic acid dissolvetl 
in 10 ml. of glacial acetic acid, and 10 ml. of water. 'I'lie boiling is continued 
for another 2 hours, the flask cooled, and -100 ml. cohl water added. This treat- 
ment oxidizes the anthracene to anthvatjuinone, which on cooling scjiarates as a 
solid mass. This is filtered, washed with hot water, then with a hot solution 
of caustic soda and again with hot water. The residue of anthracpiinone is then 
dried and its weight multiplied by O.Hafi to obtain the corresponding weight of 
anthracene. From 0.25 to U.75"^, of anthracene is found in coal tars, and a corre- 
spondingly larger percentage in coal-tar pitches. 

A color re-action for establishing the presence of anthracene consists itr boiling 
for 30 to 60 minutes the crystals of anthraquinone (1 part) with zinc dust (2 parts) 
and 50% NaOH solution (30 parts), whereupon an intense red-tolored solution is 
obtained, whicii on filtering in contact with air becomes decolorized. 

The determination of anthracene in coal-tar oils by chromic acid oxidaiiojj has 
been standardized by the standardization of Tar Products 'i'est Committee under 
the designation Serial No. C..-\. 1-57. 
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EXAMINATION OF BITUMINOUS 
SUBSTANCES COMBINED WITH 
DISCRETE AGGREGATES 

PHYSICAL TESTS OF FINISHED PRODUCT 

RESISTANCE TO PLASTIC FLOW 

Tliis method of lest is intended for tlic dcicrminuiion of the resistance to plastic 
flow of specimens of comjsressed bituminous mixtures composed of fine aggregate 
[passing a No. 10 (2000 micron) sieve] and bituminous material. The method is 
intended for testing mixtures of the Iiot*mix, lioldaid type in which the bituminous 
material is tar or asplialt cement, and has been standardized as ASTM D1138-^2. 

Apparatus.-^ThG apparatus shall consist of the following: 

(a) Specimen MoIds.-Cylindrjcal molds (Fig. 28-20) of specially hardened steel, 
2 ± 0.001 in. in inside diameter by 4% in. in height, for forming test specimens. 
A minimum of titrcc such molds is recommended. 

(b) Bottom Plungers.— Steel plungers (Fig. 28-21), 2 in. in length, machined to 
provide a clearance of 0.002 in. between plungers and specimen molds, the nom- 
inal diameter being 1.098 ± U.OOI in. to serve as bottom plungers for specimen 
molds. A minimum of three such plungers is recommended. 

(c) Temporary Supports for Specimen Molds.— Two steel bars, I in. square and 
8 in. in length. 

(d) Top Plunger.— A steel plunger (Fig, 28-21), 4% in. in length, consisting of 
a steel bottom cylindrical compression plate screwed to the shaft of the plunger. 
'Flic compression plate shall be machined to provide a clearance of 0.002 in. be- 
tween plunger and specimen molds, the nominal diameter being 1,998 ±0.001 ni. 
and the thickness .approximately % in. The plunger shaft shall have at least four 
cursed surfaces 1.98 ± 0.001 in. in diameter, as illustrated in Fig. 28-21. A mini- 
mum of tlirec such pluitgcrs is recommended. 

(e) Testing Mold and Ring. Type /.—A cylindrical testing mold (Fig. 28-22), 

2.02 ± 0.002 in. in inside diameter for the bottom 1.5 in. of the mold, tapering 
to a maximum inside diameter of 2.06 ± 0.002 in. at the top, and approximately 

8.02 in. in outside diameter. Tljc mold shall be 4)4 in. in height and be made 
of tool steel. The testing mold shall be equipped with a hardened steel testing 
ring (Fig. 28-22), 3.02 ± 0.005 in. in outside di.imetcr and 0.25 ± 0.01 in. in thick- 
ness, with a circular orifice 1.75 ± 0.001 in. in diameter on one face. This orifice 
shall have a distinct vertical edge Vio in. «n thickness and 1.75 ± 0.001 in. in diam- 
eter, and shall taper to a diameter of approximately 2 in. on the opposite face- 
A testing ring clamp (Fig. 28-22) shall be provided to hold live testing ring snugly 

loot 
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in a concentric position against the bottom of the testing mold and to serve a. a 

resting mold (fig. 2B.-1) shall have tire same di- 
mensions as Type 1 and sliall, In addition, have a spec.al nmer hmng of Imrd- 
ened and ground tool steel to reduce weal. 

(f) Testing Machine.— /V testing machine 
capable of applying a total load of lO.OUU 
pounds at a uniform rate of head or platen 
movement of 2.1 in. per minute. 

(g) Oven or Hot Plate.— for the prep.tr.i- 
lion of bituminous mixtures, an oven or hot 
plate shall be provided for heating aggregates 
and bituminous materials to a temperature 
not to exceed 162.8°C. (825T-.). [for tar mix- 
tures, aggregates and tar shall be heated to 
desired temperatures, not exceeding i07.2“C2 
(225°f.).] When a hot plate is employed, a 
metal shield shall be interposed between the 
hot plate and the material and mixing pans 
and the specimen molds containing the mix- 
ture. A convenient shield can be made by 
crimping die edges of a sheet of metal so as 
to provide an air space beneath its surface. 

(h) Mixing Apparatus.— Suitable appaniius 
for mixing the aggregate and bituminous ma- 
terial for prepanuion of test specimens. The 
use of a cylindrical type of dish and a putty 
knife as :i mixer is suggested, or a power-mix- 
ing machine etpupped with scnipiiig and mix- 
ing blades and a cylindrical bowl may be useil. 

(i) Water Bath.— A metal water bath for 
use in testing specimens, and for holding the 
testing mold and ring so that the specimens 
ivill be immersed in water during test. Appa- 
ratus shall be provided for maintaining the 
temperature of the water in the bath at a 
temperature of 60° ± 1°C. (l U)" i 1.8“f.). 

(j) Balance.— A balance having a capacity 
of 500 g. or more and sensitive to 0.1 g., for 
weighing the ingredients of die mixture. 

Test S[)ecimeiis. Preparation of Mixtures.— for hnc-aggregaie liituniinous 
turcs prep.ared in the laboiatory, a sufficient ipiantily of dry aggregates to pro- 
duce three test specimens shall be weighed out to the nearest 0.1 g. 'rhe amoe- 
gates shall be heated in a tared mixing dish to the desired lenipeniture, tiot excced- 



iMo. 2B-20. Test Specimen .Mold, 
(Comtesy AS't'M.) 


nux- 



07._ C. (_25 F.).] The materials shall be thoroughly and uniformly mixed and 
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all lumps in the mixture shall be broken up. All aggregate surfaces shall be 
coated and the mixture shall be a uniform cplor. 

Size of Specimens—The test specimens of compressed bituminous mixtures shall 
be 2 in. in diameter and 1 in. in height. This size of specimen is suitable for 



Top Plunger 

machined lo Plungers, Note.— T he top and bottom plungers should be 

nominal diameter of the plungers being 1598 ± 0.001 in. (Courtesy ASTM.) 

“ggregute passing a No. 10 (2000 micron) sieve. 
preIicated^fip^IH*^™*^r*i Laboratory.— An amount of the freshly prepared or 

pm«ed snecillfu ,^^'“7 ‘O give the proper' sL'of com- 

the bottom I * placed in each of the three forming molds into vvliicli 

lie inserted previously been inserted. The top plungers shall then 

• All of the molds and plungers shall have been preheated to the de- 
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sired molding temperature before placing any mixture in them. 'I lie molds con- 
taining the bituminous mixture, with the bottom and top plungers in place, shall 
be placed in an oven automatically maintained at the desired molding tempera- 
ture and kept there for 10 minutes or longer to ensure that the desired niolditig 




IMG. 28 


. V./ 


Testing Mold and Ring, Type 


(Courtesy .ASTM.) 


temperature during d.e U-pt in tl.e oven retain i, 

m the moid, ivhicii should also be kept in il,e n'l ‘ “ '>'“'"''tous n.ixtur 

w,l vary with the type of bitun,iuourbi,l.r n T T’''"'* ‘““■Pt-'nfur 

htgher than 148.!)-C. (300-F.) shall be uS For n"" ‘“'Pt-Tatur 

temperature higher than 107.2-C. (225-Fl shall L tar mixtures in 

oven, the specimens shall be molied^^lirtr'li.^d; tSy ^r^ibi’r ^^^TT e'ei 



:X,OiLVUTOX of bituminous substances 

. ' .c-I 'V-*: ov. ivvott the 1-in. square temporary supports so that Uie bottom 
^ X, XV J**-^*- ia. c.eld at an elevation of 1 in. above the platen of die tea- 
ux^cuiitting the bottom plunger to extend only 1 in. into the 
uiitial load of 500 pounds shall be applied to seat the mix- 



lure against tlie inside of the mold. The initial load then shall be released and 
the temporary supports removed. The specimen shall be consolidated by 
pl)ing a pressure of 3000 psi., which corresponds to a total load of' 9425-pounds 
for a specimen 2 in. in diameter. This pressure shall be maintained for 2 niiniUM 
and then released. The specimen shall be removed carefully and stored for-tes^ 
ing. As short a period of time as possible ^lould be permitted to elapse between 
the forming of successive specimens. 

Prejiaracion of Core Specimens,— Cylindrical cores taken from compacted bituiuv 
nous surfacing shall be 2 ± 0.005 in. in diameter and 1 ± 0.05 in. in height.' 
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Proce,iur«.-Tl.c test siscci.ne., si, till be brought to .be ilesireti tcuperutute of 
tes^ by storing in an air batli for at least 1 hour with the temperature of the air 
iinintlnined at C0“C. (M0=F.) (hiring tiie entire storage period. I he tesung mo! I 
and plunger shall be brought to the test temperature by placing them in the an 
bath or a suitably controlled water bath for at least 1 hour prior to use 

The test specimen shall be placed in the testn.g nio d. whici si .dl I c in the 
water batli. The temperature of the water in the baiii shall be ill 1 C- 
(140“ ± 1.8^F.). The plunger shall be inserted in the testing mold. Load .shall 
be applied at the uniform rate of head or platen movement of 2.1 in. per iinnum. 
As the specimen is loaded it will distoit at the orifice of the testing mold, and the 
load registered on the testing machine will increase (jiiite rapidly to a tnaxnmnn 
just before the bond is broken. If ilie operation is coniimied, tlie loud will fludu- 
atc below the maximum as How of tiie mixture progresses. The maximum load in 
pounds, registered on the testing machine, shall be recorded as the resistance to 
plastic flow of the specimen. 

Repori.-The report shall include the following information for each specimen 
testecl: 

1. Afaximum load in pounds registered on tlie testing machine during the test, 
and 

2. The test lempevaiure. 


RFLA'i'l-l) .MlCniODS 

Related methods of testing bituminous mixtures are as follows: 

1. “Method of Testing Soil-ltitiiminous Mixtures'' (ASTM I)9i5-6J).~Vhh 
method of test provides for the determination of the water absorption, e.x- 
pansion, and extrusion characteristics of compacted soil or sotl-.iggtcgaie mix- 
tures containing liguid Ijiiuminous material (rapid, medium, or slow curing li(juid 
asphalt, emulsified cspliah, or tar). ‘Fhe method may he used for detennining 
the characteristics of a mixture of specified proporiions when lesied under the 
conditions of curing or noncuiing specified, or for delcrmining the etlcci on these 
characteristics of varying the curing and the proportion of the dilferent in- 
gredients. I he test results are not intended for use in formulas to detennine 
sub-base, base, or pavement iliickncss; nor to predici field performance of dilter- 
ent bituminous materials. 


2. “Tentative Method of Test for Resistance to Plastic Flow of liitiuninons 
Mixtures by Means of the Marshall Alifjaratns" {ASTM DJ 559-60T).~ l Uh tnetlunl 
of test is intended for die measurement of the resistance to plastic How of cyliii- 
diical specimens of bitmiiinous paving mixtures loaded on the lateral surface bv 
means of theMarshall apparatus, ibis inetlujd is iiuemicd for use with hot mix- 
tures containing asphalt or tar and aggregate up to 1-iii. maximum size. 

3. “Tentative Methods of Test for Resistance to Defonnation and Cohesion of 
thonmnus Mixtures by Means of the Hveem Afifmratits" (ASTM DI560^3ST). 
These nietnods of test are intended for determining: 

(a) Ihe resistance to deformation 6f compacted bituminous mixtures by ineis- 

riim™ “ 

coEm“er:' ' - ' ' '-V <>' ''"t H't-c,, 
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4. “Tentative Methods of Test for Compressive Strength of Bituminous Mix- 
tures" {ASTM D1074 60). 

This metliod of test for compacted bituminous mixtures of the hot-mixed, hot- 
laid type for use in pavement surfaces and base courses is intended to provide a 
measure of the compressive strengtli of these paving mixtures. 

ACCELERATED WEATHERING TEST 

This test is intended to produce rapid deterioration of bituminous materials 
under conditions sipiuiadng outdoor exposure and is standardized by the ASTM 
as “Tentative Recommended Practice for Accflerated Weathering Test of Bitumi- 
nous Materials" under the designation D529*59T. 

Other related tests are “Tentative Method for Preparation of Test Panels for 
Accelerated and Outdoor Weatliering of Bituminous Coatings," ASTM D1669'59T, 
and "Tentative Method of Test for Failure End Point in Accelerated and Out- 
door Weathering of Bituminous hfaterials.” ASTM D1670-59T. 

COALTAR PIPE ENAMELS TESTS 

Special tests to determine the suitability of coal-tar enamel for coating steel 
pipe can be found in "AWWA Standard for Coal Tar Enamel Protective Coat- 
ings for Steel Water Pipe” (1957) published by the American Water Works Asso- 
ciation, Inc., New York. 

SEPARATION OF FINISHED PRODUCT INTO ITS 
COMPONENT PARTS 

SEPARATION OF THE BITUMINOUS MATTER AND 
DISCRETE AGGREGATE 

Bituminized aggregates are separated into their bituminous and discrete com- 
ponents for the combined purposes of ascertaining the percentage and nature of 
the mineral constituents and for examining the physical and chemical character- 
istics of the bituminous binder, with tlie object ol its identification- or duphcadw. 

Hot Extraction with Carbon Disulfide.— This has been standardized as follows as 
ASTM D147-4I: 

Bituminous grouts shall be heated in an oven or on a hot plate in a pan or 
other suitable container at the lowest possible temperature to prevent overheat- 
ing and volatilization, and when sufficiently fluid, .shall be thoroughly stirred to 
ensure a uniform sample, whereupon 10 to 30 g. shall be taken for analysis. 

Asphalt mastics or mastic cake shall be warmed on a hot plate or in a hot oven 
until soft enough to be broken up or stirred, so that a representative sample for 
analysis may be taken. The amount taken for analysis will depend upon the 
amount of coarse gravel or stone in the mixture. The larger the gravel or stone, 
the larger will be the sample required for accuracy. The size of samples to be 
taken shall be as follows: Where all particles pass a No. 10 sieve, 10 to 30 g-- 
where 25% of the aggregate is retained on ^ No. 10 sieve, 50 g.; where 50% oi 
the aggregate is retained on a No. 10 sieve, 100 g.; and where 75% of the aggregate 
is retained on a No. 10 sieve, 200 g. 

(a) For Analysis of 10- to 30-g. Samples.— {n cases where a 10- to 30-g- sample 
is sufficient, the analysis shall be carried out by means of the glass extractor illtis- 
irated in Fig. 28-24. 



EXAMINATION OF BITUMINOUS SUBSTANCES lOIl 

Aa ordinary fatdrcc Whatman or S. & S. fdtcr ihintblc. CO ,nn,. in length by 
96 mm. outside diameter, shall be dried for 30 nnnutes in .in o\en at -I- 1.. . 
lowed to cool in a desiccator, and ilien weighed in a suitable weighing bottle. 

The weighed sample shall be placed in the thimble and -10 to aO ml. of cat bon 
disulfide poured over the sample. The thimlile containing the sample shall be 

suspended under the condenser by a fine wire bad. , . , 

The flask shall be cautiously heated by a ste.iin bath or electric healci just 
enough to vaporize the solvent. Cold water is circulated through the tondensc-r. 
The heat evaporates the carbon disulfide in the ila->k. 1 his condenses upon the 
condenser and drops back upon the sample through which it lilteis. thus dissolv- 
ing out the bitumen which collects in the bottom of the flask. 

The e.Mli'action should be discontinued 
when the carbon disulfide drops colorless 
from the filter. 'I he time of extraction will 
depend upon the nature of the bitumen and 
mineral aggregate in the sample and upon 
the degree of heat applied, the coldness of 
the water in the condenser, and other factors. 

In some cases extraction may be complete 
in 1 hour; in others -I or 5 hours may be 
necessary. 

When the solvent comes through clear, the 
filter shall be removed and washed with a 
fine jet of carbon disulfide from a washing 
bottle to wash out any bitumen that may 
be retained at the top of the paper and to 
break up any channels that may have been 
formed by the carbon disulfide passing 
through. If the washings show any color, 
the thimble shall be put back and extraction 
continued until the solvent again becomes colorless. It shall then be removed, 
dried caiefully, at a low temperature at fust to prevent ignition of the absorbed 
carbon disulfide, and finally to constant weight at l()U“(k (219-I>\), tooled and 
weighed. ~ * 

An -.ditpioi portion of the solution in the flask shall be rinsed into a wei-dicd 
porcehin or silica evaporating dish or crudlile and die solvent burned oil imdcr 
a hood. The residue shall be ignited over a flame or in a niuille and the ash 
weighed and the weight added to that of the mineral matter in the liber 



l-ic. 


K\ii;Hii(in App.uaius, 
(C'.inivitsy AS I'M.) 


This is to correct for the fine mineral matter which will he canted thromdi thJ 
paper by ,he solvent, Sl.ould .l.cc be a considcabla a,„uu,„ „t a.i, I 

in this way, and if it is found that the mineral matter is calcium or coh .i, 
ate, it shall be recarbonated by repeated iieatment with 

solution and finally ignited at a dull rod heat. Ordinarily 'l,m"”er'di''‘'' “"‘''i 
ntatter ping tltrouglt the paper will be so small h, am„V,,!rd, t t'h I'd 
caused by ignition may be neglected. The corn-riffl • • •' i ^ ‘hlfeicnce 

inal sample represents the percentage of bitunic-n pieseiu 
The sieve analysis of the recovered mineral k i • 

ance with the 'Tentative Method of Test for Sieve^An . v- f r ' 

Aggregates,” ASTM C136-61T. Analysis of l-ine and Coarse 
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(b) For Analysis of 50- to 500-g. Samples.— The apparatus for analysis of sam- 
ples containing coarser aggregate shall be a large extractor consisting of a heat- 
resistant glass cylinder for holding the solvent and a cylindrical wire basket made 
of 80-mesh wire cloth suspended in the cylinder from an inverted conical coil 
condenser which serves as a top. The heat-resistant glass cylinder shall be 13 iiu 
in length with an o.d. of III mm. and 4-mm. wall thickness. The wire basket 
shall be of 80-mesh stainless steel wire cloth with overall length of 6Vi in. and 
diameter 2% in. 

A large filter paper, 12 or 13 in. in diameter, shall be fitted inside the wire 
basket of the extractor by folding once more tlian in ordinary filtering, or by 
wrapping it over a form which fits inside the basket (a cylindrical bottle of proper 
size makes a good form) and placing it inside the basket. 

The basket with contained filter paper shall be dried and weighed. The sample 
shall be weighed and packed in the filter paper in the basket. Care should be 
taken not to pack all coarse particles in one place and live fine particles in an- 
other, but to have them mixed together in uniform proportions. 

The sample shall be covered with a disk of felt or wad oE absorbent cotton to 
ensure even distribution of the dropping solvent, thus preventing it from forming 
a channel Urrougli the sample. The basket shall be suspended in tlxe extractor 
and 150 to 200 ml. of carbon disulfide poured over the felt or cotton. The con- 
denser shall be placed over the top and water circulated through it. The extrac- 
tion apparatus shall be heated on a steam bath or electric hot plate, and the ex- 
traction carried on exactly as in die smaller glass extractor, but on a larger scale. 
The lime for extraction will vary from 3 to 12 hours or more, depending upon 
the nature of the sample. 

To deicmnne when extraction is complete, live condenser shall be raised and 
the basket lifted out to observe if drippings arc clear. One or two drops caught 
upon white filter paper should leave but a light stain. 

The drying and weighing of the basket, burning off of the solution for cotrcc- 
lion, and calculation of the weight of mineral matter shall be determined as in 
the foregoing, 

The sieve analysis of the recovered aggregate is made in accordance with 
ASTM C136-61T. 


HOT EXTRACTION WITH BENZENE 

Recovery and preparation for test of the bituminous matter soluble in pure 
benzene shall be made in accordance with the "Standard Method of Test for Hot 
Extraction of Asphaltic Materials and Recovery of Bitumen by tlie Modified 
Abson Procedure," ASTM D762-49- This method is performed as follows: 

This method of test covers die procedure for the extraction of benzene soluble 
bitumen from asphaltic mixtures, the removal of mineral matter from the solu- 
tion, and the recovery of the bitumen from solution in sufiicient quantity for 
further testing. 

A(}paratiu.—'l'lic apparatus shall consist of the following: 

(a) Extractor.— An extraction apparatus as shown in Fig. 28-25. 

(b) Distillaiion Assembly.— A distillation assembly as shown in Fig. 28-26 con- 
sisting of the following iiems: 

1. distillation flask as shown in Fig. 28-27. 

2. A he.ii-iesisiant glass distillation column 250 mm. in length and 25 mm. in 
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diameter, and provided with a side arm 150 mm. in length and 8 mm. in diameter. 

3. A 250-ml. Erlenraeyer receiving flask and a 250-ml. Erlenmeyer filtering flask. 

4. An iron tripod, a 6- by 6 in. 20-mesh wire gauze with an asbestos center, and 
a gas burner. 

5. A water-jacketed condenser 475 lo 500 mm. in length. 

6. Three thermometers conforming lo the requirements for thermometer 7*F-39 
as prescribed in the Standard and Specifications for ASTM Tlifermometers (ASTM 
EI-6I). 



Fig. 28-27. Distillation Flask. (Comiesy ASTM.) 


7. A SOO-ml. graduated cylinder. 

8. A ringstand and supports. 

9. An oil bath for the distillation flask. 

10. A gas flow meter as showtv in Fig. 28-26 or any type capable of indicating 
a gas flow up to 1000 ml. per minute. 

11. A gas inlet tube. 

12. A cylindrical, flat-bottom, seamless tin container of 6-ounce capacity. The 
container shall be 70 mm. (2% in.) in diameter and 45 mm. in depth (Note). 

Note.— Coniainets known in the drug trade as seamless “ointment box.es” may be ob- 
tained in the dimensions conforming to these requirements. 

Reagents.—The reagents needed shall be: 

(a) Benzene conforming to the Standard Specifications for Nitration Grade 
Benzene (ASTM D835). 

(b) Carbon Dioxide. 

Sample.~A sample of sufficient size to result in at least 100 g. of recovered bi- 
tumen is required. About 1000 g. of sheet-asphalt mixtures will usually be sufficient 
unless the largest particles in the sample are 1 in., in which case 2000 g. will usually 
be necessary. Mixtures containing larger aggregates will require still larger samples. 
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Procedure.-Thc entire procedure must be completed witiun 8 iir. 

The sample shall be placed in the oven ;it 210” to 220”1'. for ly nunnics. bioken 
into pieces and dried in the oven for an additional 80 minutes. I he desired 
amount of the sample shall be sveighed to the nearest a g. ant p aced m tlic 
basket of the extractor with the stirrer in place. 1 he extractor shall be chargul 
with -100 ml. of benzene and the wire cone hung on the bottom of the basket. 
The basket shall be inserted in the extractor, the condenser cover placed on the 
extractor and the handle placed on the stirrer. Cold water shall lie circulated 
through the condenser. The electric heater shall be connected and the sample 
extracted until the benzene is colorless (Non:). 1 he stirrer shall be turned b\ 

hand one-half turn every 15 minutes (after the benzene becomes straw colored) 
to break up any settled filler and remove the last traces of bitumen. 


Note.— T his can be ob.scrved by placing a light at one wimknv of the cxtracioi and ob- 
serving the dripping benzene tln'otigh the other window. 


The benzene solution shall be drawn off and the volume iiureased to lUO ml. 
by the addition of fresh benzene, using this solution to wa.sh the extractor if 
necessary. The solution shall be poured into two 8ounce wide-mouth bottles, 
balanced accurately, stoppered, and placed in the centrifuge. I'he vtlution shall 
be centrifuged at room temperature for 80 minutes at 770 times gravity using the 
distance (in feet) from the center of the centrifuge to .i poittt midway iti the 
licjuid as the value of R in the following formula for calculation of speed of the 
ceturifuge: 


Speed, r.p.m. 


it ' 


The solution shall be poured into a previously weighed rjOO-ml., three-neck 
flask, care being taken not to disturb or include the sediment. 

Using die distillation assembly shown in l-'ig. 28-20, the ten)[>eratuic shall be 
raised inside the flask to 800”r. (118.fl”C,) at such a rate that the benzene is col- 
lected at a rate of 50 to 70 drops per minute. .As soon as this rate falls oil, 
carbon dioxide gas shall be admitted slowly, increasing to a rate of 8l)0 to ‘MJO ml. 
per minute. The contents of the flask shall be maintained at 2U.5” to 80;>”I'. 
(MG.l” to 15I.7°C.) for exactly 80 minutes with full carbon dioxide g.is rate. 'I he 
outside bath temperature ordinarily shall be heUl 15“ to 25T'. {8“ to l l“C.) 
higher than the inside in order to maintain .i sample temperature of ‘^'‘15“ to 
305“F. (MG.1“ to 15l.7“C.). 

The flame shall be removed, the carbon dioxide gas shut olf. and the apparatus 
disassembled. The contents of the flask shall then be potired into the G-ounce 
container and cooled for furtlier testing. 


CENTRIFUGAL EXTRACTION METHOD 

staiulardi,e<\ a, AST.M 01037-58 ilk litic of ■■Sian.iarii 

Melhoil of Test for Bilumei, Coiueni of Paving Mixiures by Cenlrifuge" aiul is 
performed as follows; 

This meiiiod of test is iiiicmied for the deterniiiiatioii. by coltl solvent estric- 

S," M (Noth) in a paving ntitstnre, the aggregate 'it, 

vine, all passes a l-tn^steve. ft is not intended for use in recovering the hi me 

^:ve''“a‘l“r- t used 
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Note.— A lthough "bitumen” by definition is material soluble in carbon disulfide, 
benzene is recommended for use in this method for safety reasons, and it normallj pro- 
duces the same results uithin the precision of the method. Other soUents, such as cailwn 
tetrachloride. trichlorelh)lenc, etc., ina> be substituted for benzene or carijon disulfide 
in this method and similar results m.iy be obtained, but the relationship of such results 
to those obtained uith benzene or carbon disulfide cannot be predicted or assumed. 

If \olatile distillates are desired, they may be obtained by the Method of Test 
for Moisture or Volatile Distillates in Bituminous Mixtures (ASTM DH61-60). 

/Ip/zoro/uf.— The apparatus shall consist of the following: 



(a) Extraction apjiaratus consisting of a bowl approximating that shown in 
Fig. 28-28 anti an apparatus in whicli the bowl may be rcvolvctl at controllctl 
\ariah!c spcctls up to 3000 r.p.ni. TJic apparatus shall be provided witli a slicll 
for catching the sohent thrown from the howl and a dr.iln for removing the 
sob cut. 'Fhc apparatus preferably shall he provided with explosion-proof fea- 
tures and installed under a hood to provide ventilation. 

(b) Filter rings to fit the rim of the bowl. 

Hcogents. (a) Benzene confonning to Uie Standard Specifications for Industrial 
Grade Benzene (ASTM D83G). 

fb) Ammonium Carbonate Solution.— Prepare a saturated solution of c-p. 

(NH,)X 03 . 

(c) Creosote, cr)slal-frcc, conforming to die Standard Specifications for Creosote 
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for Priming Coat with Coal-Tar Pitch in Dampproofing and Watcrprooling 

of Sample.-in) If the mixture is not suflicicntly soft to separate 
with a spatula or trowel, place 2000 to 5000 g. of the sample in a large. I at iian and 
warm in oven at 2'10“F., only until it can he so handled. Separate the jrarticles 
of the sample as uniformly as possible, using care not to fracture the niinei.il [).ir- 
ticles, and weigh a representative 1000-g. portion into the howl, distnhuting it uni- 
formly around the bowl. For routine testing, smaller samples may he used when 
the maximum size aggregate therein is less than V\ in. I he precision of the inethut 
becomes less as the aggregate si/e increases, due to variations in samples. It may. 
however, be used on mixtures containing aggregate larger than 1 in. iiy using 
samples weighing at least 3000 g. 'I hey may lie tested by extracting 1000 g. at a 
time. 

(b) Cover the sample in the bowl with benzene and allow sullicient time for the 
solvent to disintegrate the .sample before testing (not mote than 1 hour). 

(c) At the same time, weigh 500 g. of the sample into a metal still conforming to 
that used in the Method of Test for Water in Petroleum Products and Other 
Bituminous Materials (.A.S'FM D05-58). 

Procedure.— (a) Place the bowl containing the sample and solvent in the machine. 
Dry and weigh the filter ring and fit it around the edge of the bowl. Cdanip 
the cover over the bowl tightly in place and jnit the beaber under the diain to 
collect the extract. 

(b) Start the machine revolving slowly, gradually increasing speed to a maximum 
of 3600 r.p.m., or until solvent ceases to flow from the drain. .Allow the machine 
to stop, add 200 ml. of benzene, and repeal the above procedure. LNe suHicient 
200-ml. solvent additions (not less than three) so that the extract is clear ;tnd not 
darker than a light-straw color when a portion is viewed in a separate lonlainer. 

(c) Remove the filter ring from the bowl, dry in air and then to constant weight 
in an oven at 2-10“F., and weigh. 'Fhe increase in weight of this ring during the 
extraction procedure is mineral matter. Evaporate the contents of the bowl to 
dryness on the steam bath and then heat in an oven at 21()''F. to constant weight 
after cooling. 

(d) Collect all extract in a 2()0U-ml. graduate and ineasine the total \ohnne. 
/Vgitatc the e.xtt.ict thoroughly and measure 100 ml. into a previously weighed 
ignition dish. Evaporate the extract in the dish to dr\nes.s on a steam bath and 
ash the residue at a dull red heat. Ash the bituminous material at a dull red he.it 
(500° to 600°C.), cool, and add 5 ml. of saturated ammonium carlionaie (XII 
CO3 solution per gram of ash. Digest at room temperature for 1 hour :ind th'en 
dry in an oven at 110°C. to constant weight, cool in a desiccator, and wei-h C d- 
culate the weight of ash in the entire volume of extract. 

widi AS™"dT5.58^^ 

Calculate the percentage bitumen in the sample as follows: 

Bitumen content of dry sample, % = H i* ~ 


where fFi = weight of sample 

Wo = weight of water in sample 

W 3 = weight of extracted mineral matter 

Wi = weight of ash in extract 

W 5 = increase in the weight of the filter ring 


~ (11 3 + iJ’i + Wi) 
WTTii"-- X 100 
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Note. Detenoination of Tar.— For paving mixtures in wliich tar is used as the binder, 
the tar content can be determined bj the follouing modification of tliis method: 

Cover the sample in the bowl uiih cr)stal-free creosote and place the bowl for 1 hour 
on a hot plate or in an oven maintained at 240*1”. Proceed in accordance with para- 
graphs (a) and (0) of the above procedure except to use two 200-ml. additions of creosote 

E reviously heated to 210®F. After draining the third portion of hot creosote, allow the 
owl and contents to cool to a temperature well below the boiling point of bemeiie. 
Treat the sample in the bowl with three 200-ml. additions of benzene, following the same 
procedure. 

Continue in accordance with paragraphs (c) to (e), except to evaporate the aliquot por- 
tion of the solvent [see paragraph (d)] on the steam hath until the benzene is removed. 
Then evaporate the remaining soheni to drviiess on a hot plate and ash as diiecteil in 
paragraph (d). 

Calculate the percentage of tar in the sample as described above for peicenlagc of 
bitumen. 

Nott. Related Test.— A rehitcd lest is ASTM DS13-60 "Standard Method of Test for 
Coarse Particles in Mixtures of Asphalt and Mineral Matter.” In this test the sample is 
dissolved in carbon disulhde, carbon tetrachloride, or benzene and passed through a 
200-mcsh sieve. This insoluble material rem.aining on the sieve is then weighed. 



PART III 


EXAMINATION OF BITUMINIZED 

FABRICS 


This section includes the following groups of products: 

Q— Prepared roofings, 
i?— Composition shingles. 

5-Deck and porch coverings. 

T-Bituminized fabrics for constructing built-up roofs. 

C— Bituminized fabrics for constructing waterproofing nieinbrancs. 

F— Electrical insulating tape. 

tP-Waterproof papers for wrapping and packing. 

X— Waterproof papers for insulating against heat or cold. 

y— Felt-base floor coverings (surfaced with linseed oil and pigment composition). 

Z— Expansion joints for pavements. 

Tadlk 28-1 
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Note. Letters in heavy type indicate tlie more important groups of products. 


These are constructed as shown in Table 28-4, where the inde.x n ittdicates that 
asphaltic compositions have been used, and t signifies that coal tar fpicch> ct al 
have been used. u / 
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The finished products falling in this class include sheet roofings, floor coverings, 
waterproof membranes, sheathing and insulating papers, expansion joints involving 
the use of woven or felted fabrics, electrical insulating tape, and certain types of 
wall board. As these are constructed in many different ways, it will obviously be 
impracticable to describe in detail the analytical methods applicable to each. The 
ones which follow have been devised specifically for examining prepared roofings, 
but with these as a suirting point. oUiers may readily be evolved for testing floor 
coverings, waterproof membranes, sheatiiiiig and insulating papers, etc. 

FELTED AND WOVEN FABRICS SATURATED WITH 
BITUMINOUS SUBSTANCES 

Methods applicable to saturated felted and woven fabrics have been standardized 
by the ASTM as "Standard Methods of Sampling and Testing Felted and Woven 
Fabrics Saturated with Bituminous Substances for Use in Waterproofing and Roof- 
ing" under the designation D146-59 as follows: 

Sampling.— From each shipment of the specified saturated felt or fabric select 
at random a number of rolls equal to one-half the cube root of the total number 
of rolls in the lot. The minimum sample shall consist of five rolls. If the calcu- 
lated number is fractional, express it as the next highest whole number. For con- 
venience, the following tabulation, showing the number of rolls to be selected from 
shipment of various sizes, is given: 

No. of Rolls 

No. of Rolls in Shipment in Sample 


Up to 1000 5 

1001-1728 6 

1729-2744 7 

2745-4096 8 

4097-5832 9 

5833-8000 10 

8001-10,648 11 

10,649-13,842 12 

13,843-17,576 13 

15,577-21,952 14 


The rolls so selected constitute the representative sample used for all subsequent 
observations and tests pertaining to the lot of material being examined. 

Examination of Sample Rolls. Gross Weight per Roll.— Weigh each roll, intact, 
to the nearest H pound, and record the weight of each roll as the "gross weight.’ 

Weight of Wrapping Material and Mandrel.— Strip each roll of its wrappings 
and weigh it to the nearest ^4 pound. If mandrels (cores) are used, collect them 
after the rolls are unwound and w'cigh them together, to the nearest Vi pound. 
Calculate the average weight of wrappings and mandrel per roll, and record as the 
average weight for the lot. 

Mandrels (Cores).— Determine Ure shape of cross-section of mandrels (cores) and 
report. If circular, measure the outside diameter, to the nearest Me in. H square, 
measure each outside edge to the nearest Mo in. Measure and report the length of 
mandrel projecting beyond each end of eacli roll lo the nearest M in- 

Net Weight.— Subtract the average weight of wrappings and niandiel from the 
gross weight of each roll and letord the result as the net weight for each roll. 
Calculate the average net weight and record as the average fot the lot. 
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Appearauce and Dimeusious of Rolls.-Unwitid ihc rolls. Observe the workman- 
ship Ld finish and rncoul perlincnt defects. Metisnre nnt letnrtl ’ 

e.nch roll to the nearest inch and its width to the iieaicst 

record the area of material contained in each roll to the nearest stiuatc foo . 

For fabrics, measure and record the width of the selvage of each roll to the 

Weiglu per Unit Area.-From the net weight and dimensions, calculate the 
net weight per unit area for each roll, as follows: 


For felts: 


A 


Net weight, lb. per 100 sq. ft. =-■ ~r, X 1200 


For fabrics: 

Net weight, oz. per .sq. yd, 

where A = net weight of rolls in pounds 
B = width of material in inches 
C — length of material in feet 

Calculate the average net weight per unit area for the rolls e.'vamined and reconl 
it as the average for the lot. 

Selecting a Representative Sample.— Examine in detail the roll having the unit 
net weight closest to the average unit net weight of the lot. Discard the outside 
convolution and cut a sample from the full width of the roll. .Make the cuts per- 
pendicular to the sides of the roll, straight, and 30 in. apart (to the nearest la.- in.). 
Collect loose material, such as sand, if any. that m.iy Ijccome detached from the 
sample. .Measure the width of the sample to the nearest Iwj in. Weigh it, 
together with any detached surfacing, to the nearest gram. C;ilcidate the net weight 
per unit area, as follows: 

For felts: 


A 

BC 


X 1728 


For fabrics: 


Net weight, lb. per 100 sq. ft. 


1.0582 X 


D 

E 


Net weight, oz. per sq. yd. = 1.5238 X 


E 


where D = weight of 30-in. sample in grams 
E = width of 30-in. sample in inches 

The weight so determined should be within 1% of the average net wei-du per 
unit area. If the sample so selected fails to conform to this retiuiremem. cut addi- 
tiona samples from the same roll until one of the proper weight is obtained. 
Use this sample for further examination as described in the following sections 
Detached Comminuted Surfacing.-If the material is surfaced with sand or other 
mely comminuted material, sweep the surfacing from the 3l)-in. representative 
sample with a moderately still brush. Combine the comminuted materi;il thus re- 
o^ed with the loose material, collected as described in the preceding section 



1022 EXAMINATION OF BITUMINOUS SUBSTANCES 

and weigh both together to the nearest gram. Calculate this weight in pound pet 
100 sq. ft., record, and report as detached comminuted surfacing. 

IVIoisture.— From tlie 30 in. representative sample, cut four 2- by 18-in. test speci- 
mens as shown at A-1 and A-2 in Fig. 28*29. Cut the 2-in. specimens into 1-in. 
squares and select about 50 g. at random. Weigh to the nearest 0.1 g. and distill 
with 100 ml. of solvent as prescribed in the Method of Test for Water in Petroleum 



I T T T Tl 

Fig. 28*29. Location of Test Specimens in Sample. (Courtesy ASTM.) 


Products and Other Bituminous Materials (ASTM D95). Read die volume of 
water collected in the trap and calculate to grams on the basis that 1 ml. weighs 
1 g. Calculate the moisture to the nearest 0,5% of the weight of the sample used 
(including the detached comminuted surfacing, if any) and report as moisture, 
percentage of die net weight. 

Strength. Felts.— From the 30*in. sample cut ten 1- by 6-in. rectangular test 
strips with the fiber grain, as shown at B-1 to B^IO in Fig. 28*29, and ten 1* by 6-in. 
strips across the fiber grain, as shown at C-J to C-JO in Fig. 28*29. Condition both 
sets in air at 77® i 2®F, (25.0“ ± 1“C.) for at least 2 hours, and test in a room main- 
tained at the same temperature. Determine the strength according to the Method 
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61 Test for Tensile Breaking Strength of Paper and Paper Products 
evcept as modified herein. Cut additional strips from adjacent areas of the JO-u . 
reprLntativc sample when needed because of false breaks. Average the teti rc. • 
ings for each set to the nearest pound, and report as the average breaking slieng i 

Avidi and across the fiber grain, respectively. . . , . . , r „ 

Apparatus.-A tension testing machine is retpiired; it should have the following 

features. , , ,,,,, m 

(a) Two clamps, the jaw edges of which can be set for di-uances from IW ;i.- I J 

mm. (3.94 ± 0.39 in.) to 180 -j= 10 mm. (7.09 ± 0.39 in.) apart. 1 he center lines of 
die clamps should be in the same plane, parallel to the direction of motion, and 
should be so aligned that they will hold the test specimen in the same plane 
throughout the test without slippage. 

(b) Means of applying a gradually increasing load to the test specimen until it 
breaks, the rate of increase being such that the additional load applietl each .sec- 
ond is not different from the additional load applied in the previous second by 
more than 5%. This condition is fulfilled by the usual pendulum tspe appar.itus, 
when the lower clamp moves at a constant rate of speed. 

(c) Means of indicating the applied load at the inst;uu of specimen-fracture, to 
an accuracy of plus or minus 1%. 

Test Specimens.— (a) The test specimens should be representative of the sample 
obtained as prescribed in the Standard Method of Sampling Paper and Paper 
Products ASTAf D585. 

(b) The specimens should be clean-cut to within plus or minus 1% of their 
nominal widths, with edges parallel, and should be long enough to be inserted in 
the jaws of the clamps of the testing apparatus without handling the .section under 
test. Specimens should not e.vceed 3.08 cm. (2.0 in.) in width .and should be not 
less than 1.27 cm. (0.50 in.) preferably. 

Procedure.— (a) Level the testing machine and adjust its zero le.uling, The ratio 
of the clearance distance between jaws to the witlth of the specimens should be 
not less than 5 to 1, nor more than 15 to 1. 

(b) After placing the test specimen loosely in the jaws of the clumps, align it 
squarely, then tighten the upper clamp, take up slack, and finally tighten the 
lower clamp, without touching the portion of the .specimen under test. Then 
apply the load. .Adjust die rate of loading so that the lower clamp moves at a 
rate of 12 i 0.5 in. per minute. 

(c) Reject readings when the specimen slips in the jaws, or fractures in or at 
the edge of either jaw. 

Report.— The report should include the following: (1) results oht;iincd on .siieci- 
mens cut in the machine direction of the paper should be reported as tensile 
breaking strength, machine direction, and the results obtained on sirecimens cut in 
the cross direction of the paper should be reported as tensile breaking strength 
cross direction; (2) average, minimum, and ma.ximuin vahie.s, either as kilo-nains 
or as pounds, to three significant figures; (3) number of sjieciinens tested' (4)” ivne 
and capaccy of the apparatus used; (3) rate of loading: (d) spochnen tvid 
(7) distance between jaws of the clamps. 

Reproducibihty.-Duplicate measurements of the tensile breaking stremnh of 

rSd" : ^ <"-'f-.";:p;a:.::.us! 

Fabrics.-¥rom the 30-in. sample, cut five -1- bv fi-in r.; , • . . . 

dimension parallel to the svarp yarns, as shown m D; ,o W “ Fi^; 
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five pieces with the longer dimension parallel to the filler yarns, as shown at £•/ to 
£-5 in Fig. 28-29. Test tliese pieces at 70* ± 2‘’F. (21.1“ ± EPC.) in accordance 
with the grab mctliod as described in Section 10 o£ the General Medtods o£ Testing 
Woven Fabrics (ASTM D39). 

This test is performed as follows: 

Test Specimens.— Specimens 4 in. in widdi and not less than 6 in. in length 
should be taken for test. Two sets of 5 specimens each are required, one set, for 
warp breaking strength, having the longer dimension parallel to the warp yarns; 
and the odier set, for filling breaking strengtli, having die longer dimension paral- 
lel to the filling yarns. No 2 specimens for warp breaking strength should con- 
tain the same warp yarns or, for filling breaking strength, die same filling yarns. 
Unless otherwise specified, specimens should be taken no nearer the selvage than 
one-tenth the width of the fabric. 

Testing Machine,— A tensile testing machine conforming to the requiremenu of 
Specifications ASTM D76. should be used. The distance between the damps at 
the start of the test should be 3 in. The face of one jaw of each clamp should 
measure 1 by 1 in., that of the odier jaw of each clamp 1 by 2 in. or more, with 
the longer dimension perpendicular to the direction of application of the load. 

Procedure.— Place the specimen symmetrically in the clamps of the machine with 
the longer dimension parallel to and the shorter dimension at right angles to the 
direction of application of the load, care being taken to grip the same yarns in 
both clamps. Report die average of the results of the 5 individual tests on the 
warp as the warp breaking strength, and the average of the 5 individual tests on 
the filling as the filling breaking strength. If a specimen slips in the clamps, 
breaks in die clamps, breaks at die edge of die clamps, or, if for any reason at- 
tributable to faulty operation, the result falls markedly below the average for the 
set of specimens, the result should be discarded, another specimen taken, and the 
result of this break included in the average. 

Note, — As a referee method, or in case any dispute arises regarding the strength, repeat the 
test, with the exception that the fabric before being tested shall be exposed at least 2 hours in 
an atmosphere of 65% relative humidity at 70’’F. (21.1 “C.). 

Pliability. £e//f.— From the 30-in. sample cut ten 1- fay 8-in. specimens, five in 
die direction of and five across die fiber grain, as shown at F-1 to F-5, and at G-1 to 
G-S in Fig. 28-29, respectively. Immerse them in water at 77®F. (25*0.) for 10 to 15 
minutes; dien remove each specimen separately and immediately bend it 90* over 
the rounded edge of a block at a uniform speed in approximately 2 seconds. The 
block shall be 3 in. square by 2 in. in thickness, with rounded corners of i^in. 
radius for 15-pound felts, and 94-in. radius for 30-pound felts. In bending, hold 
the specimen tightly against the upper 2-in. face of the block and bend its pro- 
jecting end over the rounded corner widiout exerting any strain other than dial 
required to keep the specimen in contact with the block and to avoid kinking- 
Consider any surface ruptures exceeding % in. in length as failures. 

£<i6n'cr.— Cut five 1- by S-in. lest specimens in the direction of tlie warp, as shown 
at C-1 to G-5 in Fig. 28-29. Immerse them in a cooling mixture of ice and water 
at 32“F. (0*C.) for 10 to 15 minutes; Uien remove each specimen separately and 
immediately bend it over a Viedn. mandrel through an arc of 180* at a uniforni 
speed in approximately 2 seconds and then through 360* over the same mandrel m 
the opposite direction. Dry tlie specimens thoroughly and examine them. If o**® 
or more of die test specimens crack, cut ten specimens from anotlier portion of 
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the sample and repeat the test. If one or more of these specimens crack, consuler 

'‘irsi‘on HeLtng.-From the 30-in. sample, cut two 12- by 
and K-2 in Fig. 28-29. Weigh each specimen to 1 mg. Suspend Imth - iin . J . 
and parallel near the center of an oven mainlatned at -A -i: a '• (iha ^ . 

Insert a thermometer in the oven to sucli a depth that its bulb will be in line wit 
the center of the specimens. Keep them in the oven for exactly a hours; then re- 
move them carefully and cool and weigh each specimen. Calculate liie .iverap loss 
to the nearest 0.5% of the specimen weights (including llie delaclied commniiucd 
surfacing, if any). Report this (igure as the loss on heating. Subtract the percent- 
age of moisture and report as the loss on heating e.xclusive of moisture. 

Examnuition of Desaturaled Pdt or Fabric. Weight of Desaturated l elt or 
Fabric,-(«) Cut a 2-in. strip (ilk* in.) from across tlie 3U-in. re[)resentat)vc sample 
as shown at H in Fig. 28-29. iMeasurc its length to the nearest Hu i'l- -‘'“f calculate 
its area to the nearest square inch. Extract the lest strip as described in the .Meth- 
ods of Testing Bituminous Mastics. Grouts, and Like .Mixtuics (.AS I .M DI17), ex- 
cept that the strip shall be placed either in die large apparatus described in .Section 
3(b) of Methods 01-17-11 or in the large glass extractor shown in Fig. 28-30 of these 
Mediods DM6-59. When the drippings have become colorless, dry the extracted 
specimen in the basket or thimble, first at room temperature in a ventilated fume 
chamber and then in a ventilated oven at 221“ ~ 5°F. (105'' ± 3''(i.). and cool in a 
desiccator. Remove the desalinated felt or fabric, brush off any adherent com- 
minuted surfacing into the filter, and tjuickly weigh the felt or fabric to the neaiest 
0.1 mg. Repeat the heating, cooling in desiccator, and weighing of the des;iturate<l 
felt or fabric to constant weight. From the area of the specimens and the weight of 
desaturated felt or fabric, calculate the weight per unit area of moisture-free de- 
saturated felt or fabric. Report this weight to the nearest U. 1 pound per HID stp ft. 
for felts and to the nearest H ounce per sq. yd. for fabrics. 

(5) Where coal-tar saturani has been used (see following section), cuirect the 
moisture-free weight of the desaturated fell or fabric for carbonaceous matter le- 
tained mechanically in its interstices by multiplying by lt)() - /-'/lOO, wheie /■’ is 
the percentage of retained carbonaceous matter as determined in the following sec- 
tion. 

(c) Recover the mineral matter in the fdier paper and in the bituminous solution 
obtained in the extraction of the fabric by the method described in Section (a) 
of Method Dl-17-11. Determine its weight to the nearest 0.1 mg., calculate to the 
nearest pound per 100 sq. ft., and record as adherent mineral matter. 

Retained Carbonaceous Matter.— Determine the cxivbouateous matter deriveil 
from a coal-tar pitch saturant and retained by the desaturated fabric by means of 
the following colorimetric method: 

(fl) Macerate by boiling in water about 15 g. of an unsaiurated fabric of the 
same general character as the one under examination, disintegrate with a rotary 
egg-beater, and pick the fibers apart with needles. Filter the fibers through fine 
cloth and dry to constant iveight at 225“F. (1()7“C.). .Accurately weigh a 1-g. por- 
tion of the fiber into a flask and dilute to exactly 100 ml, with distilled water at 
room mmperature. Add about 50 g. of glass beads and shake the contents‘of the 

“ '“"“S'--"™*'* i" "niform 

(5) Procure a distilled coal tar, having approximately 10 to of insoluldi- 
carbonaceous matter. Extract the carbonr ^ insoluble 


accous matter ivith beiuene until it is free 
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front soluble matter; then dry to constant weight at 225T. (107*C.). Accurately 
weigh out a 1-g. portion of the purified carbonaceous matter and dilute to exactly 
iOO ml. at room temperature with a starch solution of a consistency sufficient to 


-45/8*i'/4‘ 



h 7* • V4* 1 

Tic. 28-30. Extraction Apparatus. (Courtesy ASTM.) 


carry tlie carbonaceous matter into temporary suspension. (A 12.5% hy weight 
solution is recommended.) 

(c) Titrate the liquid carrying the fibers, obtained as described in paragraph (a), 
witli the suspension of carbonaceous matter, obtained as described in paragrapn 
(6), and examine from time to lime a field prepared from a drop of the well-agi- 
tated mixture, under a microscope at lOOX until die color exactly matches a field 
prepared from the desaturated fabric under examination (obtained as described 
in the preceding section) when both are viewed side by side under identical condi- 
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tions. The end point is fairly sharply defmcd. The buret reading gives directly 
the percentage of carbonaceous matter adhering to the moisture-free fabric under 

^'"Thread Count of Fahrics.-Test fabrics for number of threads per inch in accord- 
ance with Section 7 of the General Methods of 'Festing Woven l-abrics (AS 1 M 
D39). This is performed as follows: 

(a) Number of Ends per Inch.-The actual number of ends (warp yarns or 
threads) in 1 in. should be counted at 5 or more places in the fabric, and the 
average number of ends per inch calculated. No 2 spates counted should include 
the same yarns. If there are fewer than 25 ends per inch, the einls in 3 in. 
should be counted at 5 or more dilferent places in the fabric, and the aver.ige num- 
ber of ends per inch calculated. No count should be matlc nearer the sehage 
dian one-tenth the width of the fabric, nor within 3 yd. of the ends of a roll or 
bolt. If the fabric is 3 in. or less in width, all the ends should be counted and the 
result e.xpressed as ends per inch. 

(b) Number of Picks per Inch.— The average number of picks (filling yarns or 
threads) per inch should be determined in accordance with Paragraph (.i). above. 

Thickness of Felts.-Measure the thickness of the desaturated felt at 20 equally 
spaced spots along the length of the sample strip obtained in paragrajih (a) under 
Weight of Desaturated Pelt or Fabric. In all other respects follow .Method C of 
the Methods of Test for Thickness of Paper and Paper Produces (AS TM DC15). 
This is performed as follows; 

Apparatus.— The app:iraius should consist essenii:dly of 2 plane parallel faces 
that can be moved apart or together along an axis perpendicular to themselves. 
In use, one of these faces (the anvil) should be held stationary, the specimen 
should be placed over it, and the other face (the presser foot), which is circular, 
moved towards it until it exerts a predetermined prexsiire on the specimen. When 
this condition has been reached, the distance between the 2 faces slunild be read 
on a suitable device and recorded as the thickness of the specimen. 'I'he presser 
foot and actuating force should be -1 i 1 psi. 

Procecltire.— Place the specimen between the jaws of the measuring device and 
lower the presser foot as gently as possible upon the surface of the paper, with its 
edge at least H in. from the edge of the paper. Determine the thickness of each 
of the 10 specimens in each of 2 different places. It the me:ni between the maxi- 
mum and minimum of the 20 results differs from the average of ;dl 20 by more than 
plus oi minus 5 ^q, measure enough additional specimens to obtain agreement ts'ithin 
these limits. 

Report.-The report should include the following: (1) method used for deter- 
mining thickness; (2) relative humidity and temperature of conditioning :itmos- 
phere; (3) number of specimens tested, if more or less than 10; (-1) width of the 
specimens, if less than 2 in.; and (5) maximum, minimum, and average thicknesses 
measured to the nearest 0,0001 in. 

Ash.-If the weight of desaturated moisture-free felts or fabric is 25 or less, i-- 
tine die whole desaturated specimen. If it is greater than 25 g., cut the specimen 
into approximately 1-in. squares, mix them, and select about 21 
ashing. Dry the ashing sample to constant weight at 221“ d: . 

Weigh to the nearest 0.01 g. and ignite in a weighed procelain or ciuariz dish or 
crucib e until all carbon has been consumed. Cool in a desiccator, weigh and re- 

mofsmJefrefhdt"' ""f] percentage on the basis of the desaturated 

moisture-lrce felt or fabric and report to the nearest 0,1%. 


specimen 
?. at random for 
y"I'. (105“ di 3“C.). 
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Total Comminuted Surfacing.— Add the weight of adherent mineral matter per 
100 sq. ft. to the weight of detached comminuted surfacing per 100 sq. ft., and 
record as the total comminuted surfacing per 100 sq. ft. 

Bituminous Saturant.— Determine weight of saturant by subtracting the sum ol 
the weights of the moisture-free desaturated felt or fabric, the moisture, and the 
total comminuted surfacing, from the weight of the sample, all expressed in pounds 
pei 100 sq. ft. lor felts, or ounces per square yard for fabrics. Report these weights, 
and calculate the ratio of the weight of tlie saturant to the weight of desaturated 
moisture-free felt or fabric and report as the ratio of saturant to dry felt or fabric. 

ASPHALT ROLL ROOFING, CAP SHEETS, AND SHINGLES 

Methods applicable to roll roofing, cap sheets, and shingles have been standard- 
ized by the ASTM as “Tentative Meth^s of Testing Asphalt Roll Roofing, Cap 
Sheets, and Shingles" under the designation D228-57T as follows: 

Scope.— 1. These metliods cover the procedures for the physical testing and 
chemical examination of roofing and shingles composed of asphalt-saturated roof- 
ing felt coated to various extents with an .'isph.iitic coating and Itaving the coated 
portion surfaced with mineral powders or granules. 

Types of Roofing and Shingles.— 2. Asphalt roll roofings, cap sheets, and shingles 
may be divided into three types (see Fig 28-31). Asphaltic coatings on all types may 
be compounded with mineral stabilizer. 

Type S.— A single thickness of asphalt-saturated fell, coated with an asphaltic 
coating, and surfaced, usually on both sides, with fine mineral surfacing such as 
talc or mica (Note). 

Note.— T ype S is commeicially known as “smooth-surfaced roll roofing" and is cov- 
ered by the Specificaiions for Asphalt Roll Roofing Surfaced with Powdered Talc or 
Mica (ASTM D224-58). 

Type Af.— Similar to type S. but with tlic asphaltic coating on the weather side 
surfaced witli mineral granules, except for any unsurfaced selvage. The reverse side 
usually is surfaced with fine mineral surfacing such as talc or mica (Note). 

Note.— When in roll form, type M is coinmercially known as “mineral-surfaced roll 
roofing” and is co\cied by the Specifications for Asphalt Roll Roofing Surfaced with 
Mineral Granules (ASTM D249-55), oi, when cut into slabs or shingles, it is commercially 
known as “asphalt shingles” and is covered by the Specifications for Asphalt Shingles 
Surfaced with Mineral Gianules (ASTM D225-55). 

Type A/C.— Similar to type M, but coated on the weather side for approximately 
one-half of its widtli with .an .isplialtic coating and the coated portion surfaced 
with mineral granules (Note). 

Note.— Type MC is commercially known as “mineral-surfaced cap sheet” and is cov- 
ered b\ the Specifications foi Wide Selvage Asphalt Roll Roofing Surfaced with Mineral 
C.iaiuiles (ASTM D371-55). 

Sflwpling.— 3. (rt) From each shipment or fraction thereof representing a product 
of the same kind, class, and weight, select at random a number of rolls or bundles 
etjuivalent to one-half the cube root of the total number of rolls or bundles in- 
cluded in die lot, except that in lots of 1000 or less, five rolls or bundles shall be 
taken. If one-lialf the cube root, as calculated, proves to be a fractional number, 
express it as the next higher whole number. Table 28-5 shows tlie number of 
rolls or bundles to be selected from shipments of various sizes. 
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Powdered Minerol Surfacing 
Aspholf Goofing on Weofher Side 






Type S 


• U‘. \—A • • 

' ’ 'Asphalt Goofing on Reverse Side 
Powdered Minerol Surfacing 
Aspholf -Sofurofed Felt 


Coorse or Fine Minerol Gronules 
Asphalt Goofing on Weofher Side 






1 'Aspholi Goofing on Reverse Side 
'Powdered Mineral Surfacing 
Aspholf-Sofuroted Felt 


Coarse Mineral Gronules-N. 
Asphalt Goofing on Weofher Side \ 

j I 


0 - 

b- 




Type MC 


^Asphoir-Solurorcd Felt 


iMO. 28-31. Con.sUTictiun of .Aspliali Roll Roofin'?, Cap Sliciis, and Sliin'-It-,. (Clomicw 

.\.S'r,M.) 


rABLK 28-5. Number of Packaciks to be .Seitcctki) .\s S.\mi*i.ks 


Packages in Shipment 

No. of 
Packages 
Selected 

i 

Up to 1000 

5 

1001 to 1728 

6 

1729 to 2744 

7 

2745 to 4096... 

8 

4097 to 5832 

9 

5833 to 8000. 

10 

8001 to 10648... 

11 

10,649 to 13,824.. 

12 

13,825 to 17,576 

13 

17,577 to 21,952 

14 
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(&) The rolls or bundles selected in accordance with paragraph (a) constitute the 
representative sample used for all subsequent observations and tests pertaining to 
the lot of material being examined. 

METHODS OF PHYSICAL TESTING 

Asphalt Roll Roofing and Cap Sheets. Weight of Roll, and of Packaging Ma* 
terial, Nails, and Cement.— 4. Weigh each roll selected in accordance with Section 
3, intact, to the nearest 14 pound, and record the weight of each roll. Weigh the 
wrappers, packaging material, nails, and cement from eacli roll to the nearest 14 
pound and record the average weight thereof per roll. Record the quantity and 
size of nails and presence and character of coating, if any. Record quantity of ce- 
ment, and whether or not it contains asbestos. Determine the Tag closed flash 
point in accordance with the Method of Test for Flash Point by Tag Closed Tester 
(ASTM D56). 

Weight of Loose Surfacing.— 5. Unwind each roll and observe and record the 
workmanship and finish of the roofing. If any loose surfacing is noted, shake it 
off, reweigh the roll, and record the loss of weight. 

Width, Length, and Area.— 6. {a) Measure the length and width of the roofing in 
each roll to the nearest Vi in., and calculate its area in square feet. From tliese 
values calculate the average area of the rolls examined. 

(6) Measure the width of selvage to the nearest in. and note its character. 

Minimum Net Weight per 100 Sq. Ft.— 7. Calculate Uie net weight per 100 sq. ft. 
of roofing, exclusive of loose surfacing, contained in each roll. Record tlie mini- 
mum net weight per 100 sq. ft. of the rolls examined as the minimum for the lot. 

Average Net Weight per 100 Sq. Ft.— 8. Calculate die average net weight per 
100 sq. ft. for the rolls examined and record as the average net weight in pounds 
per 100 sq. ft. of the lot. 

Weight per Unit Area and Selection of Representative Sample.— 9. (a) From the 
rolls examined, select the one whose net weight per 100 sq. ft. is nearest die average 
of the lot. Lay the selected roll flat, carefully unwind die first one or two con- 
volutions and with a knife and straightedge cut the sheet cleanly across at right 
angles to the edges. Discard this material, and tlien take a sample measuring 
30 ± in. in the direction of the length of the roll. Determine the weight of the 
sample in ounces to the nearest M ounce, neglecting any loose surfacing, and cal- 
culate the weight per 100 sq. ft. as follows: 

Weight, lb. per 100 sq. ft. = A X 0.833 

where A — weight of 30-in. sample in ounces 

0.833 =s factor for converting ounces per measured unit area (30 in. X 36 in.) to 
pounds per 100 sq ft. 

The weight so determined should be within 1.5% of the average net weight per 
100 sq. ft. of the lot (Section 8). If the sample selected fails to conform to this 
requirement, cut additional samples from die same roll until one of proper weight 
is obtained. Use this sample for die further examination as described in Sections 
16 to 25. 

(6) Having selected a sample representative of the lot, trim off any selvage area 
and weigh the remaining surfaced area in ounces to the nearest Vi ounce. Cal- 
culate the weight per 100 sq. ft. for the surfaced area as follows: 
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IS 


Weight of surfaced area, lb. per 100 sq. ft. == - X 30 


where i? = weight of 30-in. sample of surfaced area, in ounces 

C = width of 30-in, sample, measured at right angles to the length of the roll 


in inches _ ■ v, i . 

30 = factor for converting ounces per measured unit area (oU in C) to pounds 


per 100 sq. ft. 

Record the weiglit so determined as the average weight per 100 sti, ft. of sinfacctl 
area for the lot (Note). 


Noie.— .V s a referee niethoil, or in case any dispute arises regarding the tcsidts ob- 
tained on the sample selected and tested in attoidatue uith paiagi.iphs «/) and 
a 30-in. sample from each roll selected in atcoidancc nith Section 15 anil cxanuiu; sejra- 

ratcly. 

Asphalt Shingles. Weight of Bundle ami of Packaging .Material.- 10. Weigh 
cacli bundle selected in .accordance with Section 3 to the nearest Ft pound and 
record the weight of each bundle. Weigh the packaging materials frotn each 
bundle to the nearest Ft pound and record the average weight thereof per buntlle. 

^V^eight of Loose Surfacing.— 1 1. Separate the shingles and obscive amt record the 
workmanship and finish. Shake off any loose surfacing, reweigh the bundle, amt 
record the loss in weight and the resultant net weight d of roofing per bundle. 

Shingle Count and Area.— 12. Count the numher of shingles e in each bundle. 
.•Vccurately measure two reprosemative shingles to the nearest la.* in. and determine 
the net area / in square feet of material per shingle. 

Minimum Net Weight per 100 Sq, Ft.— 13. Calculate the net weight of rooling 
material per 100 sep ft. contained in each bundle as follows: 


Net weight, lb. 


~X 100 
c /-./ 


where d = the resultant net weight of roofing per bundle 
e = the number of shingles 

/ = the net area of material per shingle, in square feet 


Record the minimum weight per 100 sq. ft. so obtained as the minimum weight per 
100 sq. ft. of the lot. 

Average Net ^Veight per 100 Sq. Ft.-M. Calculate the average net weiglu g per 
100 sq. ft. for the bundles e.xamined and record this as the avcr.u'e net svei'dit per 
100 sq. ft. of the lot. ” ‘ 


Calculate the average net weight per shingle (J x g)/10fh 

Selection of Representative Samp.lcs.-15. From the bundles e.xamined. set aside 
for further examination in accordance with Section 17 to 2G a numher of repre 
sentative shingles whose weight falls within 1.5% of the avenige weight per shingle 
(Section 14). The total area of the shingles so selected should be as close ns pos- 
sible to 6 sq ft. of material, and the shingles should be selected from as nianv dif- 
ferent bundles as possible (Note 5). ^ 
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Asphalt Roll Roopng and Cap Sheets. Pliability.— 16. From the sample selected 
iti accordance with Section 9, cut ten test specimens 1 in. in width by 8 in. in 
length, five in the direction of and five across the length of the roll. Immerse in 
tvater at 77“F. (25*C.) for 25 to 30 minutes; then remove and immediately bend 
each specimen, with the weather side up, at a uniform speed through 90* in ap- 
proximately 2 seconds over the rounded edge of a block. The block shall be 3 in. 
square by 2 in. thick with rounded corners of yym. radius for type S roofing and 
% in. for types M and MC roofing. When bending, hold the specimens by hand 
tightly against the upper 2-in. face of the block, and bend the projecting end ol 
the specimen over the rounded comer without exerting any strain other than 
that required to keep the specimen in contact with the block and to avoid kinkii\g. 
Any surface rupture exceeding % in. in length is considered a failure. Report the 
number of specimens failing. 

Asphalt Roll Roofing, Cap Sheets, and Shingles. Loss and Behavior on Heat- 
ing.— 17. Cut two test specimens, each approximately 4 by 4 in., from the sample 
selected in accordance with Section 9 in the case of asphalt roll roofing and cap 
slieets, and from the sample selected in accordance with Section 15 in the case of 
shitigles. Condition specimens for 24 Itours in a desiccator, weigh, and then by 
means of a thin wire fastetied through holes punctured near one edge, suspend 
them vertically in the center of an air oven maintained at 176* ± 5*F. (80* ± 3*C.) 
in the same direction as the material would be applied to the roof. The internal 
dimensions of the oven shall be not less than 12 by 12 by 12 in. The oven sliall 
be electrically heated with forced draft. Inseit a thermometer in the center of the 
oven to such a depth that its bulb is in line with the center of the specimens. 
ISfaintain the specimens at the prescribed temperature for exactly 2 hours, then 
cool in a desiccator and weigh eacli specimen. Calculate die average loss of 
volatile matter as percentage of the original specimen weight. Record any change 
in appearance of the specimen such as blisteritig. absorption of the asphalt coat- 
itjgs, or sliding of coating or granular surfacing. Record the extent of the latter in 
inches. 


METHODS OF ANALYSIS 

Compoj/ijon.— 18. Analyze the representative samples selected in accordance with 
Sections 9 and 15 for the weights in pounds per 100 sq. ft. of the following com- 
ponents as described in Sections 19 to 25; 

Dry felt 

Saturant (soluble in carbon disulfide) 

Weatlier side (Note) coaling (soluble in carbon disulfide) 

Reverse side coating (soluble in carbon disulfide) 

Mineral surfacing on weather side (Note) [passing a No. 6 (3360 micron) sieve 
atul retained on a No. 100 (149 micron) sieve] 

Mineral surfacing on reverse side [passing a No. 6 (3360 micron) sieve and re- 
tained on a No. 100 (149 micron) sieve] 

Mineral matter on weather side (Note) [passing a No. 100 (149 micron) sieve], 
and 

.Mitieral matter on reverse side ipassing a No. 100 (149 micron) sieve] 

Note.— W eather sUle may be cither side on ivpc S roll roofing. 
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Selection of Specimens for Analysis. l‘J. (u) Muieriuls of Uuif.mn Thicknc^s.- 
From the sample representing the aveiagc net weight of tlie lot of roolmg, as o 
tainecl in Section 9 or in Section 15. cut test specimens -I by 1 in. m (limension. 
Measure specimens to nearest l;>. in., ami calculate tlie area. Weigh these spec;- 
mens ami calculate the weight in potimls per lUll stp ft. Reiect .iny of the speci- 
mens whose weight per 100 sq. ft. varies more than 1.5% hoin the average net 
weiMit as tleterminetl in .Section 9 or in .Setlion l-l. C.outinue this piotess unti 
four acceptable specimens are obtained for use in determining tlie composition of 

the roofing as described in Sections 21 to 2:). 

(b) Heavy Butt Shingles.-Cut four 1- by l-in. spetimens from the (enter of the 
exposed portion of the shingles. Analyze these spetimens in accordance with the 

procedures described in Sections 21 to 25. 

Cut four 1- by l-in. sjiecimens from the center of the exposed poilion of the 
shingles. .'\naly/e the.se specimens in accordance with the procedures described in 
Sections 21 to 25. 


Xoic.— I heso melliotls arc not applical>lc to tapered sllin■^^le^ 

Preparation of Specimens for Analysis.—^), (a) Warm two of eaih group of fom 
specimens cut as described in Section 19. for a period not longer than 5 minutes 
at a temperature of not more tlian 159“ F. ((il)“C.). and with a sharp knife oi .spatula 
separate them into tliree horizontal sections at appru.xiiuately the points indicated 
by the arrows a and b in Fig. 28-:{l. Remove the asphalt coatings with attathed 
mineral surfacings in such a manner that a thin but imitimioiis layei of .saiui.ited 
felt adheres to them, thereby olrtaining a central section of saturated felt fic‘e ftoni 
coating. 

(b) By a similar procedure, split the other two spetimens from e.ich gioup along 
the mid-line so that each half has approximately oiic liatf of the felt adhering to it. 
z\dd any detached mineral surfacing to the section to which it belongs (Non;). 


.Non-;.— The .spcciiuciis may be cut into siiialler pieics lo facilit.iic tlic-sc Nplitting 
operations. 

Saturani in Felt.— 21. Dry the .saturated lential settioiis from the two test speti- 
mens [Section 20(a)] in a desiccator for 2 hours, weigh, aiul extract with carbtm 
disulfide in a suitable extractor or centrifuge until the wasliings .are tolorle-vs. Dry 
the desaturated felt in air: then place in a tared weighing bottle, dry further at 
221° to 230°F. (103° to 110°C.) for SO minutes, cool in a desiccator, and weigh. 
.A.sh the extracted felt as described in Section 21. 

Weight of Weather Side Coating Soluble in Cairbon Disulfide.— 22. (a) Weigh 
and extract the two horizontal sections [.Section 20(5)] of the weather side con- 
taining the asphalt coating and mineral surfacing (which may be either side on ivpe 
S roofing) with carbon disulfide in a suitable extractor or centrifuge until the 
wasliings are colorless. Remove the pieces of felt and permit tliem to dry. 

(b) Brush the dry felts free of adhering mineral matter, dry in a tared' wei'diim^ 

boule at 2^° to 230°F. (105° to 1I0°C.) for 30 minutes, cool in a desiccatoi’: and 
(Saion' 94 ) ^ correct the felt weight for exce.ss mineral matter 

(c) Filter the extract and combine the in.soluble material so obtained with that 

nushed fiom the felt.s. Dry the combined in.solubles in air and then in i fired 
wnglnng bol,le :,t ,o 23(]",K. (loii- ,u MO-C.) f„, .■„) Cool in u 

catoi and weigh. .Save for sieve analysi.s (Setlion 25). 
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Weight of Reverse Side Coating Soluble in Carbon Disulhde.— 23. Weigh and 
extract the two horizontal sections [Section 20(h)] of the reverse side containing 
the coating and mineral surfacing (which on type S roofing will be the side opposite 
to that selected under Section 22) as described in Section 22. Determine the dry 
felt weight, weight of asphalt, and weight of combined mineral matter as described 
in Section 22. Cool the mineral matter in a desiccator and save for sieve analysis 
(Section 25) (Note). 

Note.— Other solvents may be used in place of carbon disulfide (Sections 21, 22, and 
23) if desired, but the same results may or may not be obtained. In case of dispute, use 
carbon disulfide. 

Ash of Desaturated Felt.— 24. (a) Ash the desaturated felts obtained in Sections 
21, 22, and 23 from the center, weather, and reverse sides separately in lared cru- 
cibles, either over an open flame or in a muffle [urnace, until all carbon has been 
consumed. After cooling, add to each ash approximately five times its weight of 
saturated ammoniuni carbonate solution, let digest for 1 hour at room temperature 
in a covered beaker or crucible, dry in an oven at 221“ to 230“F. (105* to llO'C.) 
to constant weight, and record that weight as “ash." 

(b) The percentage of ash in the center portion (Section 21) is assumed to be the 
true percentage of ash of the felt. The difference between this ash and the per- 
centage of ash of the felts recovered in Sections 22 and 23 is presumed to be oc- 
cluded mineral matter from the coaling. This percentage dilEerence is converted 
to weight and added to the weight of mineral matter passing tlie No. 100 (149 
micron) sieve. The corresponding correction is made to the weight of extracted 
felt from extraction of weather and reverse sides. 

Weight of Mineral Matter.— 25. (<i) Moisten the mineral matter recovered in 
Section 22 with a few drops of ethyl alcohol, boil with 100 ml. of water, and wash 
successively through No. 6 (3360 micron) and No. 100 (149 micron) sieves with 
sufficient hot water to remove the fine mineral matter. Collect the mineral matter 
retained on each sieve separately, dry at 221“ to 230"F. (105* to 110*C.) for 30 
minutes, and weigh. To the weight of mineral matter passing the No. 100 sieve, 
add the weight of excess ash determined in accordance with Section 24. Record as 
follows: 


Passing Sieve 

1 

Retained on 
Sieve ' 

Weight of 
Mineral Matter 


j 

No, 6 

Record if any 

No. 6 (3360 micron) 

No. 100 

V 

No. 100 (149 micron) 



(by difference) 

— 

W 


In like manner, make similar determinations for the mineral matter recovered in 
accordance with Section 23. 

(b) To check die weight of mineral matter passing a No. 100 (149 micron) sieve, 
the total aqueous suspension diat passes through the No. 100 sieve may be filtered 
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ihrmigh a mlglicd Gooch crucible, dried at 221- to 2:IU-F. (105- to IIICC.), and 

weighed. , 

CalcuI:iuons.-26. Calculate the required values as follows; 

Ash in felt, % = Z. = — X 100 

where K = weight of ash from felt, in grams (Section 21) 

J = weight of extracted felt, in grams (Section 21) 


Saturant in felt, % = 


tl~ J 
J 


X 100 


where H = weight of saturated felt sample, in grams (Section 21). 

P(100 - li) 


Net weight of felt (Non-; 10), g. — T - 


100 - L 


syhere P = weight of extracted felt, in grams {Section 22(r)| 

R = percentage of total ash in felt (after recarbonation) (Section 24) 

Trapped mineral matter in fell, g — P — 7’ 

Total weight of loose mineral matter in sample (c.xcluding ash inherent in felt), g. — 
Q + (P - T) 

Asphalt saturant, g. = T X d/ 

Asphalt coating, g. = (/ = N — (P -f Q + (7' X M) + [P — 7‘) 

where U = weight of the asphalt coating on felt soluble in CS;-, in grams (Section 22) 
N — weight of the coated sample, in grams (Section 23) 

T 

Weight of dry felt, Ib. per 100 sq. ft. = — X 31.75 

d 

where S = area of the sample, in square inches. 


Saturant, lb. per 100 ,sq. ft. = X M X 31.75 

O 

Coating (including mineral stabilizer if any), lb. per 100 sq. ft. = — X 31.75 

•S 

where W = weight of the mineral matter passing the No. 100 (149 micron) sieve (Sec- 
tion 25(b)]. 

Mineral matter passing No. 6 and retained on No. 100 sieve, lb. per 100 sq. ft 

V 


s 


X 31.75 


where V - weight of the mineral matter passing the No. 6 (3360 micron) sieve [Sec- 
lion 25 (a) J. ^ 

Mineral matter passing No. 100 sieve, Ib. per 100 sq. ft. = ~ x 31.75 

»s* 

Mineral matter in coating, % = ~ ^ x 100 
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Table 28-6 {Continued) 


Examination 


Workmanship 

Loss of surfacing per bundle 
Net weight each bundle . . . . 

Loss on heating 

Behavior on heating 

Net weight per 100 sq. it.: 

Average 

Minimum 


smooth, rough, loo.se, etc. 

lb 

lb 

per cent — 

coimnenLs — 

inches .sliding 

lb 

lb 


Composition 


Results in lb. per 100 .sq. ft. 

All Products: 

Dry felt 

Saturant 

Weather side coaling 

Reverse side coating 

Mineral surfacing on weather side 

Mineral surfacing on reverse side 

Results Expressed a.s i’er- 
centage by Weight 

Saturant in felt ‘ 

Mineral matter in coating 
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NoTE.-In calculating, make the nei weight of felt, T, equal the sura of the felts re- 
covered flora weather and rcvcise sides. Coating is calculated on the basis of individual 
analyses of the sections and reported as "wcalher side” or •'reverse side” coating, including 
stabilizer, if an>. Mineral matter may be reported citlicr as total or as from “weather 
side” or “leverse side.” The sieve si?e should alwajs be reported as determined. 

Tlie value 31.75 is the factor for converting weight, in grams, of specimens hav- 
ing tile area, s, in square inches, to pounds per 100 sq. ft. 

Report.-27. The results of a complete examination of the materials tested shall 
he reported as indicated in Table 28-6. 

NoTE.-Methods applicable to asphalt siding have been standardized by the ASTM 
as ”Staiidard Methods of 'Icsling -Vsphall insiilatiug Silling Suifaccd wiili Mineral 
(Jiamiles" under the designation 1)1228-58. 

Table 28-6. Report Form for Results 


Examination 


JtoU Roojin^ andCapSfieelJ — T)pejS, AftOndMC: 

Weight of each roll 

Average weight of wrapper, packing ma- 
terial, nails, and cement, total per roll ■ . ■ ■ 
Workmanship 


Selvage 

Loss of surfacing 

Pliability 

Loss on heating 

Behavior on heating, 

Nails 


Cement, 


Net weight per 100 sq. ft.: 

Average 

Minimum 

Surfaced sample tested 

Shingles — Type M: 

Weight of each bundle selected 

Average weight of packing material per 

bundle 

Shingles per bundle 

Size of shingle 

Area per shingle 

Shape 


lb. 


Ib 

note any poor condition of rolls such as 
loose winding and any poor condition of 
surface of roofing such as rough, loose 

surfacing material, etc. 

width and character 

lb. per roll 

number of specimens failing 

per cent _ 

comments — 

inches sliding 

number per roll — 

size 

coating 

quantity per roll 

asbestos 

Tag closed flash, deg. Fahr. 

lb 

lb 

lb 

Ib 

lb 

number 


sq. ft. 

describe or sketch 
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Tahliv 28-6 iCimtimud) 


io:57 



Workmanship 

Loss of surfacing per bundle 

Net weight each bundle 

Loss on heating 

Behavior on heating. ...... 

Net weight per 100 sep ft.: 

Average 

Minimum 


smooth, njugh, loose, etc. 

lb 

lb 

per cent — 

comments — 

inches sliding 

lb 

lb 


COMI'O-SITION 

Results in lb. j>er 100 .srj. ft. 

All Products: 

Dry felt 

Saturant 

Weather side coating 

Reverse side coating 

Mineral surfacing on weather side 
Mineral surfacing on reverse side. 

Results Expressed ;ls Eer- 
tenlage by Wright 



Saturant in felt. 

Mineral matter in coaling 




PART IV 


EXAMINATION OF BITUMINOUS- 
SOLVENT COMPOSITIONS 


PHYSICAL TESTS OF FINISHED PRODUCT 


fo Jnd etewhere. P™P“‘=‘*- “"“■'ning which the particulars wiii be 


Specific Gravity 
Viscosity 

Plasticity and Mobility 
Flash Point 

Spreading Capacity and Workability 
Draining Test 
Time of Drying 
Hiding Power 


Color 

Gloss 

Hardness, Abrasion and Adhesion 
Water Absorption 
Resistance to Heat 
Resistance to Oil 
Resistance to Acids and Alkalies 
Dielectric Strength 


SEPARATION OF FINISHED PRODUCT INTO ITS 
COMPONENT PARTS 


RECOVERY OF THE SOLVENT 

DZmT: Metlwd-This has been standardized as follows as ASTM 

condense!l^-!n'l^°^^ tnix^re is distilled in a current of steam, and the solvent is 
eWit mell Tile steam generator shall be made of 

the ZZT ® ’ “ “P""'! 'ro"* 2 to 4 1.. suitable for continued use in 

able rnn Steam. If of glass, it sliall be fitted with two outlets witli suit- 

ooe^iir an" " ‘“'’‘"S- •" of = ntetal generator, a large 

llie cen™ u®,,"!; “ additional parts of tlie apparatus, 

mav bp 1 I ? supplied with suitable pinch cocks or valves so that steam 

mcL °r- until the test is ready. The bath shall be of 

of not le permit immersion of the distilling flask to a depth 

aWe If " ‘'’= *=11 be supplied by a sliit- 

teiAem mean?'”'' P'""' ”=>' ■>“ 

cail?v'''"i?'l® u ? ring-neek, round-bottom flask of lOOO ml. 

tube wbVh -if f ^ tfiree-hoie rubber stopper, a steam distilling 

UroLT?om ih T ' ('2-^ of *e bottom of the flask and 

e op at a convenient distance for connection to the generator, a 
1038 
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vnnor outlet tube wliich extends from beneath the rubber stopper to a ponu sujli- 
ricntlv ibove the distilling llask that will permit convetnent connection lo ^ 

r.hcrmom«.r (ASTM 7-C. ir 7-1-'.). Tl.c- ..can. ...Wi.g should be 
not less than 2 nor more than -1 mm. in internal diameter and the v.ipor outlet tube 

should be not less than 3 mm. in internal diameter. . , , v <m 

The condenser shall consist of a %ym. (11.21) mm.) outside diameter No. >0 
Stubbs’ Gauge seamless brass tulic, 22 in. (35.8H cm.) long. It shall be set at an 
•iiiTic of 75° from the perpendicular and be surroumled with a cooling b.uh la iii. 
fS8°l cm.) long, approximately I in. (10.16 cm.) wide by G in. (15.21 cm.) high. I he 
lower end of the condenser tube shall be tut off at an acute angle, and curved down- 
ward for a length of J in. (7.62 cm.) and slightly backward so as to ensure contact 



with the trail of the graduate at a point 1 to I'/i in. (2.31 to li.l8 cm.) below the 
top of the graduate when it is in position to receive the distillate. 

A separatory funnel having a capacity of not less than 3i)l) ml. should be provided. 
Accessories consist of suitalde ring stands for supporting the steam generator, dis- 
tilling flask, bath for distilling flask, separatory funnel, and a thermometer. 

The apparatus shall be assembled as shown in Tig. 28-32. The steam generator 
shall be filled with water and heat applied. The bath shall be filled with a high- 
flash-point oil and raised to approximately I-IO^C. {281‘’F,). Five hundred milliliters 
of the sample shall be weighed into the round-bottom flask. 'I'he connection shall 
be made from the steam generator to the steam delivery tube, the end of which 
shall be within in. of the bottom of the distilling llask. The outlet from the dis- 
tilling flask shall be connected to the condenser and the separatory funnel placed 
in position at the outlet of the conden.ser to receive the distillate. The end of 
the bulb of the thermometer in the steam-distilling flask shall be placed within 
in. (12.7 mm.) of the bottom of the distilling llask. 

When the temperature of the sample in the distilling flask reaches 130°C. the 
outlet of the steam generator shall be closed, thus forcing the steam to pass through 
the sample. The flow of steam shall be adjusted so thm the distillate is collected 
at the rate of approximately 6 to 10 ml. per minute. The distillation shall be 
stopped when 100 ml. of the distillate contains not more than 0.5 ml. of solvent, 
as determined by measuring the amount of oil in 100 ml. of distillate. When the 
distillation is finished, the water shall be separated from the distillate and the dis- 
tillate measured and retained for further tests, if required by the specifications 

In some cases, the distillate does not separate readily from the water, and this 
separation can be facilitated by the addition of sodium chloride, which will result 
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in a sufficient difference in gravity to produce a clear separation of the two layers. 

The results shall be reported in per cent by weight or volume as required by the 
specifications, based on the weight of the sample taken. 

RECOVERY AND EXAMINATION OF PIGMENT AND FILLER 

Dilute 100 g. of the well-mixed material with 500 ml. of benzene in an 800-nil. 
stoppered flask. Either centrifuge or let stand in a warm place until the pigment 
or filler has settled, then carefully decant the supernatant liquid into a clean flask 
of large capacity. The pigment or filler is shaken up w'ith 250 ml. more benzene, 
allowed to stand in a warm place until it settles, and tJie supernatant liquid de- 
canted into the second flask. Repeat the treatment with benzene until the vehicle 
has been completely extracted from the pigment. The prevention of skin forma- 
tion during this process may be attained by the addition of anti-oxidants such as 
phenol or hydrodiinone (dissolved in ether), which are subsequently expelled on 
heating the pigment and base. The combined extracts are allowed to stand quietly 
to recover any pigment that may have been carried over with the benzene, and then 
carefully decanted through a weighed Gooch crucible provided with an asbestos 
filter. The residues in the flask and on the Gooch aucible are washed with benzene 
as before, and combined with the balance of pigment or filler, which is then dried 
at 110*C. and weigiicd. The combined extracts are retained for further exami- 
nation. 

The pigments or filler recovered from the previous test are subjected to a qualita- 
tive or quantitative analysis for purposes of identification, and to granulometric 
tests. 


RECOVERY AND EXAMINATION OF THE BASE 

If no pigments or fillers are present, the base is recovered as described, and its 
percentage by weight ascertained directly. If pigments or fillers are present, the 
combined extracts are distilled to a small bulk, transferred to a tared dish, and 
evaporated in an oven at I10®C. exactly to the calculated weight of the base, by 
subtracting the weights of solvent and pigment or filler from the original weight of 
material taken for examination. When oxidizable substances are present, the 
final evaporation should take place in an atmosphere of nitrogen gas. 

The base will contain the bituminous constituents (with the exception of any 
“free carbon” associated with coal-tar pitch, or the like, which will be separated 
with the pigments and fillers), and animal and vegetable oils or fats, resins, and 
metallic bases and driers. It may be separated into its component parts as follows: 



BITUMINOUS-SOLVKNT COMPOSITIONS 


I (Ml 


MKTIIOO ok ANALYilSG niK SKI'AH ATKO UAliJ 

Dissolve SO K. in 150 ml. Ix-iuene. .Add 10 ml. dilute nitric acid (1:1) and Imil under a rodus condenser for 
one-half hour to decomi»o,se any metallic soaps (i.e., driers, etc,). Add ISO ml. witer, boil under rcilu.x con- 
denser, transfer to a seiwr.Uory funnel, draw off the a(|ueous hiyer, boil with another 100 ml. water, and repc.il 
if necessiry until all the metals are removed. 


Benzene Solution: 

Distill to 100 nd., add 300 ml. of the MiKmifyiiiK liiim'd,* Iwil under relliix coiideiix-r for 
1 liour, and seiwrale the uns.HK)niiiable and saiKiniliable con.slituenis as descrilx'd. 


Unsaponifiabte M niter: : Sa(n»iijiab!e Miiller: 

E.xamine a small rxrtion. If j Si'[).ir.ite the fatty .ind resin 
higher alcohols are present, sejni- acids as described, 
rate the b.ilance into: 

,t';uiroMr /as.vir.- 
Determine (xr- 
cenUige glycerol. : 
-Multitily this by ■ 
10 to esiim.ite 

Hydrocarbons: 

Higher Atco- ' Fatly Acids: 

Resin Acids: 

IH-r Cent of vege- ] 
t.ible or .im’m.d 

Contain the 

hols, hte.: . Include acids 

Include .icids 

oils or f.it.s (iri- 

bituminous sub- 

Containchc- • derived from 

derived from 

ylyceridea) pre.i- . 

stances (i.e., as- 

lesterol, etc., ' veget.ibU- and 

rosin and the < 

ent in the origi- 

phalt, coal-tar 

deriveii from ; animal oils or 

fossil resins. 

n.d substance. 

pitch, unsap. 
matter derived 
from fatty-acid 
pitch, etc.) 

wool gtea.-w, .d- fats, also from 
.-■otheunssitKin- ' fatty-acid pilch, 
itiable coiutit- ' 
uents originally ' 
present in res- 
ins (1 to 8*%). i 


I 

1 

1 


A jue-jut lixifiui: 

Cont.iin* the 
mei.dlic b-iws as 
m'tr.itcf. K.xaiiiine 
(iU.ilitativcly and 
tlien <iu.tntil.ilive- 
!y (or Ir.id, m.tn- 
ganese, cob, ill, 
zinc, c.dciiim, .uid 
imignediim. 

(X.lt. -The l.iU 
tiuef u.ed for leir- 
dening rodn. The 
in eta I lie driers 
should nr, I be found 
by ignition, dr.ee 
the le.id will la- rr- 
diictd to meiid by 
the organic nutter, 
.im) vol.itdircd.) 


• The siiiKinifyini; litjuid slull consist of a 10% solution of KOH dissolved in eijual tuns of 95% C:HiO}l or 
90% benzene. 


PART V 


EXAMINATION OF BITUMINOUS 
DISPERSIONS 


The examination o£ bituminous emulsions has been standardized fay the ASBI 
Methods of Testing Emulsified Asphalts" under the designation 
D244-60 and D244-61T as follows: 

WATER CONTENT 

Apparatus,-The apparatus shall consist of a metal still or glass flask, heated by 
suitable means and provided with a reflux condenser disdiarging into a tnp m 
nected to the still or flask. The trap serves to collect and measure the condensed 
er an to the solvent to the still. TJie type of distilling apparatus used 

15 not an essential feature of this method. 

28-33(0). shall be a vertical cylindrical Kt 
i« riJiitiw ® faccti flange at the top to which the head 

of Ijy means of a clamp. The head sliall be of metal, prelerabl) 

rin** provided with a tubulation 1 in. in inside diamein. 

1 .. ‘ j 8^* P*g- 28-33(6), shall be of Uie short-neck, round- 

500 ml. ^ well-annealed glass, having an approximate capacity of 

100 mm^i4"in^'i metal still shall be a ring gas burner 

lect^h at r m 

eiectnc neater may be used as the source of heat. 

type havinir a conH water-cooled, reflux, glassiube 

an inner tube 9.5 

condenser to be inserted in th^' outside diameter. The end of 

'Tra^lTh''”’ “nSer 

cordanre wth 2tsLl’\nT‘’r f '"■‘■“"nealed glass, constructed m >£ 
divisions, and from 2 to is ml t no f™- » “ 2 "tl. i" 

tions between 0 and 2 ml shiiil H * ^‘'’^sions. The tolerance of tire gradw 
±0.1 ml. ■ ±0-05 “I- and between 2 and 25 ml- shaU be 

The solvent used whpn ta,,:., i • , j . t. 

or a light oil, and shall ® *^**“nwnous emulsions shall be a coal-tar naphtha 
termined in accordance with^Iu^ following distillation requirements, ^ 

Gasoline. Naphtha. Kerosen. Standard Method of Test for Distillation of 
ne. and Similar Petroleum Products (ASTM D86-61)' 

Note.- 9S% shall distill between 248-F a20.^^ .i .oo 

i-. (i20«C.) and 482«F. {250‘’C.). 

1042 
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The sample shall be thoroughly representative of the material to be testecl. anti 
the portion of the sample used for the test shall be thoroughly representalite of 
the sample itself. Deviation from this retjuircmeni shall not be permitted. 

jstoTE— The diiriciiUics in obtaining proper repre.>ematite sample^ for ilit'. tlcieiini- 
nation arc unusually great, .so that the iinpoitaiue of sampling tannot be too stionglt cm- 


Procednre.-ia) When the material to be lesteil cotttain.i less titan 25';;, of w.iter. 
place exactly 100 g. of sample in the still or llask. When the material tontaitts 




(b) 


Ic) 


1(5 Uaicr: A. 15 to 55 mm.; li, 1 1 tt) lb mni.; C. 12 to 

mm., u, 2J;, to i>5 mm.; h, 25 to TS mm.: /•'. bsb to HM mm.; //, Is to p( min. fCunr- 

toy .\,sr.\i.) 

'I'llDiouKlily mis lim lamplc c. hi- 
loss olniaterhl I'V swirling, taking |)io|.. r itirc to avoiil 

<.r*tLln‘l^; lire .still or llask, na,,. an, I cotitk-nscr hv nmans 

the • ' "f -''littst tlic entl o[ 

be sZem T 1" ' t'Hf'f the entl to 

the iitctal still ■ ‘l''t'lktlion coniliiton.s have heen esiahlishetl. When 

be die L “Tn I"''"' '"“istettetl tvith the solve,,, 

id and nange before attaching the clamp. Insert a loose cotton 
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plug in the top of tlie condenser tube to prevent condensation of atmospheric 
moisture. 

(c) Then apply heat and so regulate it tliat the condensed distillate falls from 
the end of tlie condenser at the rate of from two to five drops per second. Place 
the ring burner used with the metal still about 3 in. above dte bottom of the 
still at the beginning of the distillation, and gradually lower it as the distillation 
proceeds. 

(d) Continue the distillation at the specified rate until no water is visible on 
any part of the apparatus except at the bottom of the trap. This operation usu- 
ally requires less than 1 hour. Remove any persistent ring of condensed water 
in die condenser tube by increasing die rate of distillation for a few minutes. 

Calculate the results as follows: The volume of condensed water measured iii 
the trap at room temperature, multiplied by 100 and divided by the weight of 
sample used, is the percentage of water. Report as . . per cent water by weight, 
ASTiM Method D244-61T.’' 

Duplicate determinations of water by this method should not differ from each 
other by more than one division on the trap. 

RESIDUE By DISTILLATION 

Procedure.— (a) Place exactly 200 g. of a well-mixed and leprcscntative sample of 
die emulsion in the previously weighed iron still (including lid, clamp, thermom- 
eter, and gasket, if gasket is used) (Fig. 28-34). 

(b) A gasket of oiled paper may be used between the still and its cover, or the 
joint may be ground to a tight fit. Clamp the cover securely on the still. 



IiR, 28-31. Apparatus Assembly for Distillation Test of Emulsified Asphalts. (Courtesy 
ASTM.) 
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(c) Insert the thermometer through the small hole in the covet, using a coik 
stopper, so that the end of the btilb "hHIeat by this means to 

.I-- 

connecting tube to prevent condensation of water in this 
(e) After practically all the condensate has 
been removed from the still and the tempera- 
une of the residue has reached 25Un-\ (l2rC.). 
lower the position of the heat from the ring 
burner to midway of the still, and hold it theie 
until the thermometer reaches (176''C.). 

Then rapidly lower the position of tlie burner 
to within B in. of the bottom of the still, and 
increase the temperature to y()l)’’K. (2(i0''C..), 
maintaining it at this temperature for 15 min- 
utes. This latter period of lieating is necessary 
to ensure a siuootli homogeneous residue in the 
still. 

(/) .\t the expiration of the heating period at 
the maximum temperature, again weigh the 
still and accessories as described in paiagrapii 
(<i). Calculate and report the percentage resi- 
due bv distillation. 




Non:.— Tlic iron still at room tcmpciatme (paia- 
graph («)] weighs 4.0 g. more (liaii at .'lOO'^F. (para- 
graph (/)]. This ilillereiice is aitiihuterl to air 
buoyancy at 500“ F. Correct for this error by atUl- 
iiig 4.0 g. to the gross weight ohiained in paragrapli 
(/) prior to calculating the percentage of residue by 
di.siillation. 

(g) Then remove the cover from the still and 
immediately pour suitable portions of die resi- 
due through a No. 50 (207 micron) sieve into 
suitable molds and containers for making the 
required tests. Permit the residue in the molds anti containers to tool, untovereil, 
to laboratory room temperature, and therealter test as described under ICxaminatiun 
of Residue (p. 1052). 

Note.— When it appears impossible to distill an emulsified asphalt in the still described 
in paragraph (<i) and shown in I-ig. 28-3-1, due to excessive foaming of the emulsion, sub- 
suuite the modified .still shown in Fig. 2«-3.5, and proceed as follows: Place the (i-in burner 
around the larger diameter of the still near its top. 'Fliis series as a support. Place the 
l-m. burner immediately beneatii the Marc, and the 2-in. burner not less tlian 2 in. below 


Fit;. 2H-5.5. lion .Still for I’se with 
Badh Fo.iming F.nmlsiotts. t('<uit- 
ie.sy .\sr.\I.) 



or .he s,in for a io .(epuv of's.;;. 
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resumption of heating, watch the delixery tube carefully and repeat this procedure if 
necessary. 

When the residue has reached and remained at 500®F. (260*C.) for 15 minutes, proceed 
as described in paragraph (/) for the regular still. Although the distillation should be 
completed in not less than I hour nor more than 1^4 houis from the first application 
of heat to the still, the maximum stated is not mandatory, as a longei.time may be re- 
quired in some cases to a\oid foaming of the emulsion into the condenser! 

If the residue in the still, prior to pouring the ductility and penetration samples, ap- 
peals granular or heterogeneous in any way, stir xvith a spatula until the material runs 
from the spatula in strings instead of drops, and then pour. 

RESIDUE BY EVAPORATION 

Procedure A.~(a) Procedure A shall be used when determination of residue only 
is required. 

(6) Weigh exactly 50 g. of thoroughly mixed emulsified asphalt, representatixe 
of tire sample, into eaclx of three beakers, each beaker and a glass rod having pre- 
viously been tared. Place die beakers containing the rods and sample in the 
oven, the temperature of xvhich has been adjusted to 325“ ± 5*F. (I63“ d: 2.8"C.), 
for 2 hours. At the end of this period remove each beaker and stir the residue 
thoroughly. Replace in the oven for 1 hour, then remove the beakers from the 
oven, alloxv to cool to atmospheric temperature, and xveigh. 

(c) Calculate the percentage residue on each beaker as follows: 

Residue, % = ^ q ~ X 100 

where A « weight of beaker, rod, and residue 
B » weight of tared beaker and rod 
C « weight of sample 

Report the residue by exaporation as Uie ax-erage of the three results. 

Procedure B.—{a) Procedure B shall be used when tests on residue from emul- 
sion are required, in addition to percentage residue. 

{b) Follow the procedure as described in Procedure A, paragraph {&), except to 
dehydrate four 50 g. samples. After the residue has been determined and calcu- 
lated, replace the beakers in the oven until the asphalt residue is sufficiently fluid 
to pass through a No. 50 (297 micron) sieve (usually requiring 15 to 30 minutes). 
Then pour tlie residue through the No. 50 sieve and into suitable containers and 
molds for making such tests as desired, as described under Examination of Residue 
(p. 1052) (Note). 

Note.— As the method for residue by exaporation described aboxe tends to ghe an 
asphaltic residue loner in penetralton and ductility than the distillation method, material 
ma) be accepted, but shall not be rejected as failing to meet specifications containing re- 
quirements lor detenninalion of lesidue by distillaliun, on data obtained by evaporation. 
If residue from evaporation fails to meet the requirements for propeities specified for 
residue from aistillation, tests shall be rerun, using the distillation method. (Usually, 
however, results by exaporation do fall xvithin requirement limits set for residue by dis- 
tillation.) 


CONSISTENCY TEST (VISCOSITY) 

The apparatus shall be the folloxWng: 

(a) 'Viscosimeter.— A Saybolt Furol viscosimeter conforming to tlie requirements 
specified in the Standard Metliod of Test for Saybolt Viscosity (ASTM D88-56). 
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(b) Sieve.-A No. 20 (8-10 micron) sieve or a 20-mesiv strainer of iron wire cloth. 

framed or nnframed. ioo:>e 

Proceditre.-(n) Determine the viscosity at either (~a C.) or 1. (jO C.) 

and express it in seconds, Saybolt Furol. which is the time in seconds, for the de- 
livery of 60 ml. of emulsion. 

(b) Althougli the Saybolt Furol viscosimeter is not used for petroleum products 
and lubricants svhen the time of flow is less than 25 seconds, this instiumeiit is 
satisfactory for testing emulsified asphalt when the time of How is not less th.in 
20 seconds. 

(c) Tests at 77‘’F. (25“C.). Stir the sample thoroughly without iiu.orporaung 
bubbles in it, and then pour it into a -1-ounce bottle. IMace the bottle in the 
water bath at 77T*. (25°C.) for 30 minutes, and then mix the sample in the bottle 
by inverting it several times, slowly enough to prevent bulrble formation. I'onr 
the sample into the viscosity tube tbrougli the .No. 20 (8 10 micions) sieve or 2t)- 
mesh strainer, allowing a small portion to flow through the outlet lube to waste. 
Place the cork in position, fill the lube and, without ag.tin stiiriug the sample, 
determine the viscosity as prescribed in .AS I'M .Nfethod 1)88-56. 

(d) Tests at 122T'. (5()“C.). Stir the .sample thoroughly without lnci>rpor.iting 

bubbles in it, and then pour approximately 1(K) ml. into a lOO-ml. glass be.tker. 
Immerse the beaker contaiiiing the emulsion in a I6U^ .x; 5^F. (71* ;r 3 ‘(k) water 
bath to a point wliere tlie bottom of the beaker will be appioximaiely 2 in. below 
the surface of the water. .Maintain the beaker in an upright position with ilu' 
bottom parallel to the surface of the water. Stir the emulsion with .i tiicular 
motion 60 times per mimuc, with lite oil-tube thermometer in diiect conl.id with 
die bottom and sides of the beaker, to obtain uniform tempetaiuie di.vuibntion. 
Take care to avoid incorporation of bubble.s. Heat the emulsion under test in a 
160°F. (71‘’C.) water bath to 1 21.5'^ 0.5° F. (51. 1‘* 0.3''C1.). With the cork stop- 

per in the lower end of the air chamber at the bottom of the oil ttdje. immedi.uelv 
pour the emulsion through the 2U-mesh strainer iiuo the previously cleaned and 
dried oil tube until it ceases to overilow into the gallery. .Stir the emulsion in 
the oil tube at 60 r.p.m. with the oil-tidic iliermomeicr until the test temjieraime 
is attained, taking care to prevent bubble formation. .Adjust the bath lemperaiuie 
until the emulsion temperature in the tube rem.iiiis coiistam for 1 minute at 
I22°±0.1°F, (50’ ih 0.05°C.). 'I'beii witlulr.iiv the oil-tube thermometer and 
quickly remove the surplus emulsion from the gallery by means of tlie withdrawal 
tube so that the level of the emulsion in tlie gallery is below the level ol the oil 
tube proper. Determine the viscosity as described in ,ASTM .Method 1)88-50. Re- 
port the results to the nearest fidl second. 

\Vuh proper attention to details, results in dilferent laboratories sliould not 
diller by more than 5.0%. 

STABILITY TEST (DEMULSIBILITY) 

A^iparatiis and R^igents.-Thc apparatus ami reagents shall be as follows: 

(a) Wire Cloth.-Three pieces of No. M (1-1 10 micron) iron wire cloth aporoxi 

TSVm VS;io;''E7r‘'' 

(b) Beakers.-Three metal beakers of 600-ml, capacity each. 
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(c) Rods.— Three metal rods with rounded ends, approximately in. in di- 
ameter. 

(d) Buret.— A 50-ml. glass buret graduated in O.I-ml. intervals. 

(e) Calcium chloride solution, 0.02 N. 

(f) Calcium chloride solution, 0.10 N. 

Procedure.~(o) Determine the percentage of residue by distillation as described 
under Procedure for Residue by Distillation. 

(b) Record die weight of each assembly of beaker, rod, and wire cloth. 

(c) Weigh exactly 100 g. of the emulsified asphalt into eadi of diree 600-inl. 
tared beakers. Over a period of approximately 2 minutes, add to eadi beaker, 
from a buret, 35 ml. of 0.02 N CaCI^ solution if quick-setting emulsion is being 
tested, or 50 ml. of 0.10 N CaClj solution if mheing-type emulsion is being tested. 
While adding the solution of CaCU, stir the contents of the beaker continuously 
and vigorously, kneading lumps against the sides of the beaker to ensure thor- 
ough mixing of the reagent with the emulsion. Continue kneading the lump for 
another 2 minutes after the addition of the CaCU solution. Perform this opera- 
tion after bringing the weighed sample of emulsion and the reagent to the stand- 
ard temperature of 77“ =!; 1.0“F. (25* ± 0.5*C.). 

(d) Fit one of the wire cloths over a beaker or other suitable vessel and pout 
the mixture of emulsion and reagent through the wire cloth. Rinse the beaker 
containing the sample and metal rod with distilled water. Knead and break up 
all lumps, and continue washing the beaker, rod, and wire cloth until there is 
no longer any appreciable color imparted to the wash water. After washing as 
directed, place the beaker, rod, and wire cloth used in each individual test in a 
drying oven, and dry to constant weight at 325“F. (165'C). 

The total weight thus obtained, less the total tare weight of tlie beaker, rod, 
and wire cloth, is the weight of the residue by the demulsibility test. Calculate 
lire percentage demulsibility of the sample tested as follows: 

Demulsibility, % = ^ X 100 

where A = average weight of residue in grams from three tests of each individual sam- 
ple of emulsified asphalt 

B = weight of residue in grams per 100 g. of emulsion obtained in the test for 
residue by distillation dcscril^d under Procedure for Residue by Distillation. 

SETTLEMENT TEST 

A/iparaltis.— The apparatus shall be as follows; 

(a) Cylinders.— Two 500-ml, glass cylinders, with pressed or molded glass bases 
and cork or glass stoppers. The outside diameter shall be 5.0 ± 0.5 cm., and the 
cylinders shall be graduated at each 5-ral. interval to the 500-ml. mark. 

(b) Class Pipet.— A 60-ml. siphon, glass-tube pipet of optional form. 

Procedure.— (o) Place a 500-ml. sample, rcprescrjlathe of the emulsion, in cadi 

of the two glass cylinders. Stopper the cylinders in an airtight manner and allow 
tlicm to stand unmolested, at laboratory air temperature, for 5 days. After stand- 
ing for tins 5-day period, remove approximately the first 55 ml. of emulsion by 
means of the pipet or siphon from the top of each cylinder without disturbing 
the balance of its contents. Weigh exactly 50 g. of each of the two samples, .after 
eacli has been thoroughly mixed separately, into separate 60U-ml. low-form glass 
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beakers, a.Kl determine tl.e asphaltic resulue by evaporation at ;J2o“F. (KKi'-C:.) 
for 3 hours in the apparatus described in ASTM Method Dh-39 I . 

(b) After removal of the first sample, siphon oil approximately the next J.JU ml. 
from each of the cylinders. Mix the residue remaininj; in the cylinders thorouKldy 
•md exactly, weigh out 50 g. from each of them, and determine for the two samide, 
the amount of asphaltic residue (all .scdiineiit, if any. included) 1))’ evaporation as 
described in paragraph («). 

(c) Record the numerical difference between the average percentage of asphaltic 
residue found in the two top samples and that found in the two iiottoni samples. 


CEMKN r MIXINC; 

The hi"h-early-strength Portland cement used in the test shall conform to the 
requirememts for type III of the .Standard Specifications for Portland Clement 
(ASTM C15QG1). and shall have a iiiiiiimum specific surface area of IIMH) sq. tin. 


per g, 


Procedure.— (a) Dilute the emulsion to be tested with distilled water to a residue 
55% as determined by either distillation, or evaporation for 3 hours at 32,')" F. 


of 55 


(IGS-’C.). 

(b) Sieve a portion of the cement through the No. 80 (177 micron) sieve. Weigh 
50 g. of the cement passing the No. 80 sieve into the iron tlisli. 

(c) Add 100 ml. of the diluted emulsion to the cement in the dish, and stir the 
mixture at once with the steel rod, using a circular motion, making GO com[>lete 
revolutions during 1 minute. Immediately at the end of the 1-niinute mixing pe- 
riod, add 150 ml. of distilled water, and continue the stirring for 3 niimites. .Main 
tain the ingredients and apparatus at a temperature of approximately 77'F. 
(25'’C.) during the mixing period. 

(d) Pour the mixture through the taretl No. 1! (1110 micron) sieve, of approxi- 
mately 3-in. diameter, and rinse by pouring distilled water from a reteplacle belli 
at a height of approximately G in. Place the sieve in a tared shallow [laii, heat at 
325°F. (1G3°C.) in an oven until dry. and weigh. 

Report the weight in grams of the material retained on the sieve and in the pan 
as the percentage of the emulsion Inoken, 


.SIEVE TE.S'l’ 

Aljparattis and Reagenls.-Thi: apparatus and reagents shall be as follows: 

(a) Sieve.— A sieve having a 3-in. frame conforming to .Sections ^(u) and (b) of 
A.STM Specifications Ell-Gl, and having No. 20 (810 micron) wire sieve cloth 
conforming to Section 1-1(5) of these specifications. 

(b) Pan.— A tin box cover or shallow metal pan of appropriate si/e to fit over 
the bottom of the standard sieve. 

(c) Sodium oleate solution (2%). of pure sodium oleate in distilled water. 
Z’rocedure.-Record the weight of the sieve and pan, and then wet the wire cloth 

'“'■■•ion. WeisI, »,.<! csaaly 
1000 g. ot the emtilMhed asphalt through the tvhe sieve, tltoraughlv tvashiug the 
contatner and the residue ou the sieve with the sodiuiu oleate solu'.iou uutn the 
washuigs ruu clear Place the pan under tlie sieve and heat Cor 2 hours iu a <1. viu" 

z;t°d;eigi;""'' n-i-” 

The total weight of the sieve, pan. and residue iti giants less the coitiltiiietl tare 
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weight of the sieve and pan, is the weight of the residue by the sieve test. Calcu- 
late the percentage of residue retained on Uie sieve from this weight. 

COATING TEST 

This test is applicable only to emulsions containing a base of asphalt of serai- 
solid consistency employed for coating aggregates. It is not applicable to the so- 
called quick-setting type of emulsions. 

Apliarahts.— The apparatus and material shall be as follows: 

(a) Screens.— Standard %-in. and 14-in. round-hole screens conforming to ASTM 
Specifications Ell-61. 

(b) Spatula.— A steel spatula or its equivalent, having a blade approximately 8 in. 
in length. 

(c) Dish.— A round-bottom, iron dish or a kitchen saucepan, of approximately 
1-quart capacity. 

(d) Stone.— A supply of reference stone (hard limestone, trap rock, or other type) 
which has been washed with water and dried before using. The grading of this 
stone shall be such that it will all pass through a standard %-in. screen and not more 
than 5% will pass through a M-in. screen. 

Note.— E ach laboratory shall select its oun reference stone supply, the source of uhlch 
is not apt to change. This is to obviate rapid changes in the character of reference stone 
used in any one laboratory. 

Procedure.— (fi) Weigh exactly 465 g. of the washed and dried graded stone, and 
place it in the metal pan. 

(b) Add a 35-g. sample of the emulsion to the stone in the pan, and mix vigor- 
ously with the spatula for 3 minutes. 

(c) Record whether or not there is appreciable separation of the asphaltic base 
from tile water of die emulsion, and whether or not the stone is uniformly and 
thoroughly coated with the emulsion. 

MISCIBILITY WITH WATER 

Test A is applicable to the so-called quick-setting type of emulsions. 

Procedure.— To about 50 ml. of the emulsion, gradually add about 150 ml. of dis- 
tilled water, stirring the mixture while adding the water. The temperature is not 
important, but should be between 70“ and 77“F. (21* and 25'’C.). Allow the mix- 
ture to stand for 2 hours and then examine it for any appreciable coagulation of the 
asphalt content of the emulsion. 

Test B is used for determining the miscibility with water of medium-setting 
and slow-setting types of asphalt emulsions. It is not appreciable to the quick- 
setting type of asphalt emulsions. 

Apparatus.— The apparatus shall be as follows: 

(a) Glass Tubes.— Three glass tubes, 7 mm. in outside diameter, 5 mm. in inside 
diameter, and 15 cm. in length, fitted with suitably bored No. 8 corks, adjusted 
as described subsequently under Assembly of Apparatus. 

(b) Supporting Strip.— A strip of metal or wood, approximately 15 cm. in length, 
2.5 cm. in width, and 0.5 cm. in thickness, with a hole 10 mm. in diameter in th® 
center. 

(c) Crucibles.— Three 15- or 25-ml. porcelain crucibles, or tJiree 30-mI. beakers 
of heat-resistant glass. 
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Assembly of Apparatus.- Ac\]mt the poMiion of liie corks oti the glass lubes by 
measuring^OO ml. of distilled water at 68“ to 77“!'. (20“ to 25“C.) into the lOU-ml. 
beaker, placing the supporting strip across the top of tlie beaker, inserting a tube 
through the hole, and adjusting the position of tlie cork so that wlien the tube 
is supported by the cork resting on the supporting strip, the lower end ol tbe 
tube is immersed in tlie water to a deptlt of 1 cm. below the surface. In tlie same 
manner, adjust the .second and third tubes so that the depth of inuncrsioii is 2.a and 
4.6 cm., respectively. 


Note.-Duc to slii’lu dillci cutes in lici^iu and diameter «d KJU-iid. Iicakcis as fibtaincd 
commercially, it nnis be uetessary to leadjtist the tubes when usetl in diifeuau beakeis. 
In any event, tlie ibirtl or bottuiii tiilre shall pmjeti into die eiiitilsion >(> tb.it die tip 
is witiiin I to 1.5 iiiin. of the bottom of the beaker. 


Procedure,— (a) Measure at) nil. of the emulsion at a temperature of 68' to 77' 1-. 
(20“ to 25°C.) into a aO-ml. graduated cylinder and transfer to the 10()-ml. Iie.iker. 
^Vash the graduate with three .50-ml. portions of distilled water at <i8' to 77‘'I-. 
(20° to 25°C.) and add the washings to the beaker, bringing the final volume to 
200 ml. Stir the emulsion and water witli a glass rod until uniformly mi.Ked, 
cover the beaker with a watch glass, and allow the mixture to stand undisturbed 
for 2 hours. 

(b) ^V^cigh the three crucibles or SO-ml. beakers, and a watch gl.tss for e.ith, to 
the nearest 0.1 mg. After the diluted emulsion h;is stood for 2 hours, remove the 
watch glass and place the supporting strip across the top of the lOU-ml. beaker. 
Take a sample of approximately 1 g. from the top layer ami transfer to one of 
the crucibles or beakers, using the first or 1-cin. dejuii tube as a pi[)et. Cdose 
the top of the tube with the finger, insert the tube to the proper depth, remove 
the finger while the emulsion rises in the lube, and then replace the linger on tof> 
of the tube so that when the tube is removed its contents of emulsion will be 
pipetted from the beaker. After removal, wipe oil the adheiing litpiid on the 
outside of the tube with filler paper before transferring the sample to the crucible. 
In like manner, take samples from the middle and bottom of the diluted emulsion, 
using the second and third luiies, respectively. \\'eigh the crucibles with their 
accompanying samples of emulsion, and determine the weight of each of the 
three samples by diilerence. Cover the crucibles with watch glasses to retard evapo- 
ration. 

(c) Remove the watch glasses from the crucibles and place the samples in an 
oven at 163°C. (325°F.) for 2 hours; then remove, cool, ami weigh. 

Calculate the percentage of asphalt residue in the top. middle, and bottom levels. 
Report the maximum numerical diilerence in percentage of asphalt content be- 
tween any two of the three levels. 


FREE/JNG TE.ST 

Procedure.-{a) Place approximately 400 g. of the emulsion in a clean met il 
container, such as a 1-pint press-top tin. 

I o'" container to a temperature of 0°F. 

(—17.8 C.) fot 12 or more consecutive hours. 

(c) At the expiration of the freezing period, permit the emulsion to thaw bv ex- 

posme of the container to the temperature of the laboratory. ^ 

(d) Aftei the first operation of freezing and tlunvimr rom-it ii,.. , . i 

so that the emulsion will have been subjected to three cycles of freezing amUhawh^^^ 
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(c) After the third cycle, the emulsion may be homogeneous or may have sepa- 
rated into distinct layers which cannot be rendered homogeneous by stirring at 
laboratory temperature. 

(/) Report the result of this test as either “Homogeneous” or “Broken.” 

EXAMINATION OF RESIDUE 
SPECIFIC GRAVITY 

Procedure.— Determine the specific gravity on a representative portion of the 
residue in accordance with the Standard Method of Test for Specific Gravity of 
Road Oils, Road Tars, Asphalt Cements, and Soft Tar Pitches (ASTM D70). 

ASH CONTENT 

Procedure.— Determine the ash on a representative portion of the residue in ac- 
cordance with the rapid routine method of ash determination, as described in 
Section 5 of the Standard Metlrods of Analysis of Lubricating Grease (ASTM 
1)128) 


SOLUBILITY IN CARBON DISULFIDE 
Procedure.— Determine the solubility in carbon disulfide on a representative por- 
tion of the residue in accordance with the Standard Afeihod of Test for Bitumen 
(ASTM D4). 


PENETRATION 

Procedure.— Determine the penetration on a representative portion of the resi- 
due in accordance with the Standard Method of Test for Penetration of Bituminous 
Materials (ASTM D5). 


DUCTILITY 

Procedure.— Determine the ductility on a representative portion of the residue 
in accordance with the Standard Method of Test for Ductility of Bituminous 
Materials (ASTM DI13). 

Note -O ther icsls haMng leleience to bituminous dispersions arc as follows: 

1 ASTM D 1 1G7-58T— “Asphalt-Base Eiiiulsioas for Use as Protective Coalings for 
Built-Up Roofs” 

2. ASTM DlOlO-58— “Asphalt Emulsions for Use as Protective Coatings for Metal” 

3 ASTM D46G-42— “1 ilms Deposited fiom Bituminous Emulsions" 



Chapter 29 


PORTLAND CEMENT 

liy W. C. Mamin 

Consiillant, C.'aliloinia piMlhiiul Ci-inciit Co. 
I.ii.s Aii^clc‘>. f'atil. 


Introduction.— l'orlh\ui\ tcincni is liu* j>io(iiui (jhiaintii j)uUcri/inv> tUiiktr 
consisting essentially of iiycliaiilic caltiiun silit.ites. 

The methods of clieniical analssis incimhti in this (hapter aie j>rinii|>.ii!y ap- 
plicable to the five types of poitland ceim’iit specified bv the Aineiit.m Sotieis 
for Testing and Materials, the V. S. C.o\er»»ment, ami the Ameiicau AsMKtation of 
State Highway Oilicials, with added methods of tlieinitai analvNis for raw inaieiials 
used in the manufacture of these (ements 'I he methods of themical analssis .t> 
applied to poitland cement will be principally (iinent AS 1 M piutediues. AS 1 M 
and Federal methods of chemical analysis of portlaml <emem diller only in minor 
detail. For details of Federal methods leter to tnrrent Feileial Test .Method 
Standard No. 158. 


SAMPLING 

A section on sampling of portland cement is iiulndeil in order to point out the 
importance of sampling in relation to themitai determinations. 

In mining operations it is conmum to sample on an "ass.iy basis' because the 
information desired demands that samples representative of the whole be obtained; 
however, when a product must meet certain maxinmm and minimum recpiii ements. 
the purpose and possibly the method of samijling may lie considered fiom a diflet- 
ent point of view. 

There are at least two schools of thought as applied to the sampling of I’ortland 
cement. One favors the "grab method." whereas a seeond subset ibes to the "com- 
posite method.” Those lavoring the "grab methotr .ire of the opinion that samples 
taken at irregular intervals during production and tested separately will more 
accurately detect variations that fall outside specification retiuirements d'hose 
favoring the “composite method” feel that samples taken at regular intervals dur- 
ing production and combined in appro.ximately etpial weights will nioie ne;ulv 
be representative of the storage bin filled and the individual shipments from the 
bin. 

Since a dilference of opinion exists, the method used is usually determined bv 
the purchaser. For details of accepted sampling procedures refer to current .Ameri- 
can Society for Testing and Materials Specifications under designation CKS‘5 iiul 

current Federal Test Afethod Standard No. 158. Also see chapter on samDlim- 
n 91 * ‘ '■3' 
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STANDARD METHODS OF CHEMICAL ANALYSIS 
OP PORTLAND CEMENT 

Methods applicable to chemical analysis of portland cement have been standard- 
ized by the ASTM under the designation CU4-58A 

These methods of chemical analysis are not all considered as possessing die high- 
est obtainable accuracy, but are methods to be followed in making acceptance tests 
on cements covered by specifications tequiring that tests be made in accordance 
with the analytical procedures contained in this standard. 

REFEREE METHODS 

Referee analyses, when there is a question regarding acceptance, shall be made 
in duplicate and the analyses shall be made on different days. If tlie two results do 
not agree within the permissible variation given in Table 29*1, the determination 


Table 29-1. Maximum Permissible Variations w Results 


Component 

Between Two 
Results 

Between the 
Extreme Values 
in Three Results 


0.16 

0.24 


0.20 

0.30 


0.10 

0.15 


0.20 

0.30 


0.16 

0.24 


0 10 

0.15 


0.10 

0.15 


0.03 

0.05 

Potassium oxide, KjO 

0.03 

0.05 


0.05 

0.08 


0.03 

0.05 


0.03 

0.05 

Insoluble residue 

0.10 

0.15 


0.004 

0.006 


0.20 

0.30 




shall be repeated until two or three results agree within the permissible variation. 
When two or three results do agree within the permissible variation, their average 
shall be accepted as the correct value. When cither an average of two results or an 
average of tliree results can be calculated, the calculation shall be based on the 
three results. For the purpose of comparing analyses and calculating the average 
of acceptable results, the percentages shall be calculated to the nearest O.OI (or 0.001 
in the case of diloroform-soluble organic substances), although some of the average 
values are reported to 0.1 as indicated in the methods. When a blank determl- 

1 Reproduced in part with permission of the American Sodeiy for Testing and Materials. 
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nation is specified, one shall be made with each individual analysis or with each 
group of two or more samples analyzed on the same day for a given component. 


NoTE.-It i.s icconimcndocl that the anaUsi u.se reference samplc-s Mich a.. .National 
Bureau of Standards Standard Sample No. 177 (puitland cement) to indicate abnormal 
variations, if present. 


DETERMIN.VnON OF SILICO.N DIOXIDE 
PrQcedure.-(a) Transfer 0.5 g. of the sample to an cvaponittng dish, |)referably 
of platinum for the sake of htster evaporation, moisten with 10 ml. of cold water to 
prevent lumping, add 5 to 10 ml. of HCl, and digest with the aid of gentle heal .uul 
agitation until solution is complete. Solution may be aidetl by light pressuie 
with the flattened end of a gla.ss rod. Evaporate the solution to dryness on a sicani 
bath. Without heating the residue any further, treat it with o to 10 ml. of H(-l 
and then an ecjual amount of water, or pour at once upon the ie-»idue 10 to 2il 
ml. of HCl (1:1). Then cover the dish and digest for 10 minutes on the bath or a 
hot plate. Dilute the solution with an etpial volume of hot water, immedi.itely 
filter, and wash the separated SiO.j thoroughly with hot water (.Nun; 1), and le- 
ser\e the residue. 


Note 1.— The washing of tlic SiOj. prccipiiates tan he maile moie elteiiice by using 
hot HCl (1’.90) and then comjileiing tlie washing with hut waiei. 

(b) Again evaporate the filtrate to dryness, and bake the residiie in an oven for 
1 hour at 105“ to 110“C. Cool, and add 10 to 15 ml. of MCI (1:1) and heat ou the 
bath or hot plate. Dilute with an etjual volume of water, filter immediately ou a 
fresh filter paper, and wash the small SiO.^ residue thoroughly with hot water. 
Reserve the filtrate and washings for the determination of the ammonium hydro.';- 
ide group (p. 105G). 

(c) Transfer the papers coutaiiiing tlie residues [p;u.'tgiaphs (<i) ;ind (5)j to a 
platinum crucible (Note 2). Dry and ignite the papers, fust at a low heat until 
the carbon of the filter paper is completely consunieil wilhoni inlknning. and finally 
at 1100“ to 1200“C, until the weight remains constant. 

Note 2.— The empty crucible may be weighed il one wislics m know, for bis own infor- 
mation, the magnitude of impiniiics in ific icsidne of 

(d) Treat the SiOo thus obtained, which will contain small amounts of impurities, 

in the crucible with 0.5 to 1 ml. of water, two drops of (1:1), ami about 

10 ml. of HE, and evaporate cautiously to dryucs,s. Finally, beat the small residue 
at 1050“ to 1100“C. for a minute or two, cool, and weigh. The dillcieuce between 
this weight and the weight previously obtained represents the amount of .SiO... 'Fo 
this amount of SiOo, add the amount of SiO^, recovered from the residue of the 
ammonium hydroxide group as directed in the analysis of the ammonium hydroxide 
group, paragraphs (d) and (e), given subsetpiently. Add 0.5 g. of Xa...S.,0- or 
K0SP7 to the crucible and heat below red heat until the small residue of impurities 
is dissolved in the melt. Cool, dissolve the fused mass in water, and adil it to the 

filtrate and washings reserved for the determination of the ammonium hydroxide 
group. 

Blank.-Make a blank determination, following the same procedure and usin.- 
the same amounts of reagents, and correct the results obtained in the analysis ic 

cordinplv. ' 
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Calculation.— Calculate the percentage of SiOg to the nearest 0.10 by multiplying 
the weight in grams o£ SiO., by 200 [100 divided by the weight of sample used 
(0.5 g.)]. 

DETERMINATION OF THE AMMONIUM HYDROXIDE GROUP 

Procedure.— {a) To the filtrate reserved in accordance with paragraph (6) of the 
procedure for silicon dioxide (p. 1055) (Note 1), which should have a volume ol 
about 200 ml , add HCl if necessary to ensure a total of 10 to 15 ml. of the acid. Add 
a few drops methyl red indicator (2 g. per liter of ethanol), and heat to boiling. 
Then treat witli NH^OH (111 ) (Note 2), drop by drop, until the color of the solu- 
tion becomes distinctly yellow and add one drop in excess (Note 3). Heat the 
solution containing the precipitate to boiling and boil for 50 to 60 seconds. In tlie 
event difficulty from bumping is experienced while boiling the ammoniacal solu- 
tion, a digestion period of 10 minutes on a steam bath, or on a hot plate having the 
approximate temperature of a steam bath, may be substituted for the 50- to 60-sec- 
ond boiling period. Allow the precipitate to settle (in not more titan 5 minutes) 
and filter. Wash, from two times for a small precipitate to four times for a large 
one, with hot NH4CI (20 g. per liter) (Note 4). 

Note 1.— If a platuiuni evaporating dish has been used for the deh)dra(ioii of SiOj, 
iioii ma> hate been pattiall) reduced. At this stage, add about 3 ml. of saturated bromine 
water to (he filtrate and buil (he filtrate to eliminate the excess biomine befoie adding the 
methyl red indicator. 

Note 2.— The NH 4 OH used to precipitate the hydroxides must be free of contamination 
with COo. 

Note 3.— It usually takes one diop ot NH 4 OH (1.1) to change the color of the solution 
from red to orange and another <liop to change the color from orange to yellow. If de- 
sired. the addition of the indicator may be delayed until Fe(OH )3 is precipitated without 
A 1 ( 0 H )3 being completely precipitated. In such a case, the color changes may be better 
obsersed. However, if the content of Fe^Oj 1 $ unusually great, it may be necessary to let the 
precipitate settle a little, a few times, before the proper end point is attained. If the color 
fades during the piecipitatioii, add more of the indicator. Observation of the color where 
a drop of the indicator strikes the solution may be an aid in the control of tlic acidity. The 
boiling should not bo prolonged as ihc color may reverse and the pretipivave may be difii- 
cult to retain on the filter. The solution should he distinctly yellow when it is ready to 
filter. If it is not, restore the yellow color uitli more NH 4 OH (1.1) or repeat the precipita- 
tion. 

Note 4.— Two drops of methyl red indicator should be added to the NH 4 CI solution 
in the wash bottle, followed by NH 4 OH (1:1) added dropwise until the color just changes 
to yellow. If the color reverts to red at any time due to healing, it should be brought back 
to yellow by the addition of a drop of NH 4 OH (1:1). 

(b) Set aside the filtrate and transfer the precipitate and filter paper to tlie same 
beaker in which the first precipitation was effected. Dissolve the precipitate 
hot HCl (ll3), dilute the solution to about 100 ml., and reprecipitate tlie hydroxides 
as described in paragraph (a). Filter the solution, and wash the precipitate with 
two 10-inl. portions of hot NH4CI (20 g. per 1.) (Note 4). Combine die filtialc 
and washings with the filtrate set aside and reserve for the determination of CaO 
(p. 1058). 

(c) Place the precipitate in a weighed platinum crucible, heat slowly until the 
papers are charred, and finally ignite to constant weight at 1050® to 1100®C. with 
care to prevent reduction, and weigh as tlie ammonium hydroxide group. 

(d) Add 3 g. of NajS-jOy or K2S2OJ to the crucible (Note 5) and heat below red 
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heat until the residue is dissolved in the melt (Noth 0). Cool, diwolve the fused 
mass in water containin^^ 2.5 ml. of H,SO,. and evaporaa- the solutmn. l<a.se the 
temperature until copious fumes are evolved. Intt avoid a l.UKe loss of 
which will cause the mass to become hard instead of pasty on cooling. Dissohe 
dte mass iu water, digest for 15 to :U) minutes short of boiling, filter, ami wash with 

hot water. 


XoTK Tile pKKedure (kstiibed in paiagiaplis (d) and O’) i.-, iciiniied «>nl\ ulwn a 
clieinical ilelerminaiion fails in ineel a spei ilit.ilion it(|imeinenl. 

Note G— Stan die heating with caution hciaiise p\ losiill.iies (also kiioun as (used 
bi.sulfates). as leceived. olien foam and spattci in the beginning, due m an of 

A\oitl an uuncccv'ariU lii^h lci>i{>ci.itiiic anil iinnctosariU j>inlc;nm:u heating, 
as' fused pyrosulfaies mas attack pialiuuin. .\ supjdv ol noiisiiaueiing puosuliaie inav 
be piepaicd bv healing some psrosullaie in a |))aiinuiu vessel bi'hnv red he. it until the 
foaming and .spalteving cease, tooling, and crushing the (useil mass. 

(e) Transfer tiie paper (.Von; 5) containing the lesitlue to a piatinuin tnicible. 
Dry and ignite the paper, liist at a low lieat until the larbon of the paper is com- 
pletely consumed williout iidlatning, and finally at 1100" to I200'C. until the 
weight remains constant. Treat the Si()._. tints (dn.dned in the ttucible with a 
drop of water, about 5 ml. of Hl‘‘, and a drop of n.VC),. ami evajjorale c.iutiously 
to (Iryness. I'inally, heat the crucible at 1050" to llOO'C. for 1 to 2 mimtle.s. tool, 
and weigh. The difference between this weight and ilie weiglit pievioiisly ob- 
tained represents the aniount of lesidual .SiO;.. .Subtract this amount from the 
amount of aminonium liydroxide group obtained according to pai.igraph p i ami 
add the same amount to the amount of .SiO.^ obtained according to p.iragraph (cl) 
of the Silicon Dio.xide Deterininatioii (p. 1055). 

Blank.— Make a blank determination, following the same piocedine and using 
the same amounts of reagents, and cotrect the lesulls obtainecl in the .inalysis ac- 
cordingly. 

Calculation.— Calculate the percentage of ammonium hydtoxicle gioitp to the 
nearest 0.01 by multiplying the weight in grams of aminonium hydro.xide group 
by 200 [100 divided by the weight of .sample used (0.5 g.)]. 


DET’ERMl.V;Vno.\ OF FERRIC OXIDE 
Reagents. Stannous Chloride Soluiion.-Di.ssolve 5 g. of .SnCl..'2tI..O in 10 ml. 
of HCl and dilute to 100 ml. .Add scraps of iron-free granulated tin and boil until 
the solution is clear. Keep the solution in a clo.sed drotiping bottle containiii” 
metallic tin. ^ 


g. of barium diphenyl- 
0.001 g. I'e,,0.,).~Dissolve 


Barium Diphenylamine .Sulfonate Indicator.- Dissolve 0.:f 
amine sulfonate in 100 ml. of water. 

Standard Potassium Dichromatc Solution (1 ml 
2.-157 g. of KXr^O- in water and dilute to 1 liter. St;indardi/e against standarU 
Sdiley non ore issued by the National Bureau of .Standards (standard sample .Vo. 

replacements) in the same manner (.Voir.) as directed for the determination 
of Fe..O., in cement, using a weight of iron ore tliat will yield a titration within 
5 ml. of that rec|iiired by the cement .sample in ciiiesiion. 

‘-‘‘F'>'':‘L‘nt of the .solution in grams per milliliter bv mulii- 
y ig the weight in grams ol iron in the aniount of iron ore used by I -i'su (mo. 

»lucta„™yire;? ’ “ "■ 
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Note.— T he iron ore may require long digestion in hot HCl for complete dissolution. 
Stannous chloride may be used as an aid in the dissolution, as follows: Treat the sample 
with 15 ml. of HCl and digest at a temperature 3 ust below boiling for about SO mm- 
utes. Add some of the SnClj solution, using less than the amount that is expected to re- 
duce all the iron. Continue the digestion until the iron is dissohed out, as eridenced 
by the absence of dark icsidue. The SnCh may be added in small quantities during the 
digestion. If an excess is present at the end of the digestion, destroy it with bromine 
water. Dilute the solution to about 50 ml., heat the solution to boiling, and proceed as 
directed for the determination ol Fe^Os in cement, beginning with decolori/ation with 
SnClo. 

Procedure.— To I g. o£ tire sample, add 40 ml. of cold water and, while the mix- 
ture is stirred vigorously, add 10 ml. of HCl. If necessary, heat tlie solution and 
grind the cement with the flattened end of a glass rod until it is evident that tlie 
cement is completely decomposed. Heat the solution to boiling and treat it with 
the SnCI, solution, added drop by drop while stirring, until tlie solution is de- 
colorized. Add one drop in excess and cool the solution to room temperature. 
Rinse the inside of the vessel witli water, and add all at once 10 ml. of a cool, 
saturated HgCU solution. Stir the solution vigorously for 1 minute and add 10 
ml. of H3PO4 (1*1) and two drops of barium diphenylamine sulfonate indicator. 
Add sufficient water so tliat the volume after titration will be between 75 and 100 
ml. Titrate with the standard KnCrjO^j solution. The end point is taken as tlie 
point at whicli a drop causes an intense purple coloration that remains unchanged 
on further addition of (he standard KnCr^O^ solution. 

Calculation.— Calculate tlie percentage of Feo03 to the nearest 0.01 (to be re* 
ported to the nearest O.l) as follows: 


Fe203,%*£KX100 

where E = FeiOj equivalent of the KiCciO? solution in grams per milliliter 
V = milliliters of K2Crj07 solution required by the 1-g. sample used 

DETERMINATION OF ALUMINUM OXIDE 
Procedure.— Calculate the percentage of AljOg by deducting tlie percentages of 
Fe^Oj and PoOg (Note), determined according to the above procedure and to 
ASTM Cl 14-58, Sections 24 and 25, respectively, and expressed to the nearest 0.01, 
from the percentage of ammonium hydroxide group, determined as described on 
p. 1056 and expressed to the nearest O.OI. Report to the nearest 0.1. 

Note.— T he de(eiuiin.iiion of and its deduction fiom the deieiminaiioa of am- 

monium h)dro\ide gioiip are icc|utied onl) ivhcn a sample fails to meet a specilicalion 
requirement. Any titanium that may be present will be precipitated with Al(OH )3 and 
Fc(OH )3 in the procedure described aboie and is counted as AlgOs. Aluminum oxide 
should not be corrected for Ti 02 unless such a correction is expressly specified or the de- 
termination of the component is required. 

DETERMINATION OF CALCIUM OXIDE 
Vrocedure.~{a') Acidify tlic combined filtrates obtained in the precipitations of 
the ammonium h)droxide group (p. 1056) widi HCl and evaporate tliem to a \olume 
of about 100 ml. Add 40 ml. of satuiated bromine water to the hot solution anti 
inniiediatcly add NH^OH until the solution is distinctly alkaline. Boil the solu- 
tion for 5 minutes or more, making certain tliat the solution is at all times dis- 
tinctly alkaline. 

Allow the predpitate to settle, filter, and wash with hot water. Discard any 
manganese dioxide that may have been precipitated. Acidify the filtrate win 
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HCI and boil until all the bromine is expelled. Add 5 ml. of HCl, dilute to 200 
ml., and add a few drops of methyl red indicator and 30 ml. of warm ammonium 
oxalate solution (50 g. per 1.). Heat the solution to 70“ to 80 C.. and add MI, OH 
(1:1) dropwise, while stirring, until the color changes from red to yellow. Allow 
the solution to stand without further heating for 1 hour (no longer), with occa- 
sional stirring during tlie first 30 minutes. Filter and wash moderately wnli told 
ammonium oxalate solution (1 g. per 1.). Reserve the filtrate and washings, 

(b) Transfer the precipitate and filter paper to the beaker in which the precipita- 
tion was effected. Dissolve the oxalate in 50 ml. of hot HCl (l.’l) and mateiate 
the filter paper. Dilute to 200 ml. with water, aild a few drops ol methyl red indi- 
cator and 20 ml. of ammonium oxalate solution, heat the solution nearly to Ijoiling. 
and precipitate calcium oxalate again by neutrali/ing the acid .solution with 
NH4OH as described in jiaragraph (a), .\llow the solution to stand 1 to 2 hours 
(standing for 2 hours at diis point does no harm), filter, and wa.sh as before. Com- 
bine the filtrate with that already obtained and reserve for the determination of 
MgO (see below). 

(c) Dry the precipitate in a weighed, covered platinum ciucible. (.har the paper 
without inllaming, burn the carbon at as low* a temperature as jjossible, and. hnally, 
heat with the crucible tightly coveied in an electric furnace or over a blast lamp 
at a temperature of 1100' to 120U'C:. Cool in a desiccator and weigh .is CaO. Re- 
peat the ignition to a constant weigltt. 

Blank.— .Make a blank determination, following the same procedure and using the 
same amounts of reagents, and correct the lesults obtained in the analysis accord- 
ingly. 

Calculation.— Calculate the percentage of CaO to the nearest 0,1 by multiplying 
the weight in grams of CaO by 200 [100 divided by the weiglit ol sample used 
(0.5 g.)]. 


DETERMlN.VnO.N OF .MAG.XESIUM OXIDE 


Reagents, Ammonium Nitrate Wash Solution.— Dissolve 100 g. of NH,NC).j in 
water, add 200 ml. of NH,OH, and dilute to 1 liter. 

Procedure.— (fi) Acidify ilie filtrates re.served in the determination of CaO (see 
above) with FICl and concentrate to about 250 ml. .Vdd to this solution aliout Hi 
ml. of (NH,,)oHPO., (250 g. per 1.) and cool the sol ution by placing in a beaker of 
ice water, .-yftcr cooling, add NH|OH drop by drop, wfiile stirring constantly, un- 
til the crystalline magnc.sium ammonium phosphate begins to form, and then in 
moderate excess (5 to 10% of tfie volume of the solution), the stirring being con- 
tinued for several minutes. .Set the solution aside for at least 8 hours in a cool 
atmosphere, and then filter. 


(5) Unfold the filter paper and, using hot water, wash the precipitate into the 
beaker in which the precipitation was eflecletl. Rinse the filter paper with hot 
HCl (r.-i) and again with hot water; if nece.ssary, add more hot HCl (1:1) to dis- 
solve the precipitate. Dilute the solution to about 100 ml,, add 1 ml. of 
(NH^)TIPO.^ (250 g. per 1.), and then add NH.1OH drop by drop, while stirring 
constantly, until the precipitate is again formed as described and the .\H OH is 
m moderate excess. Cool, allow to stand for about 2 hours, filter, and wash with 
two 10-ml. portions of the NH,,NO;, wash solution. Place in a weighetl platinum or 
porcelain crucible, slowly cnar the paper, and carefully burn off the rt-sultin-r c ir- 

bon. Ignite the precipitate at 1100“ to 1200 ‘’C. (Note) to consfiiit weiolir 

care to avoid melting the pyrophosphate. ^ ^ 
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Notx.— If the crucible is glazed, the temperature should not exceed 1125®C. as the glate 
may partially fuse at about 1200'‘C. 

Blank.— Make a blank determination, following the same procedure and using the 
same amounts of reagents, and correct the results obtained in the analysis accord- 
ingly. 

Calculation.— Calculate the percentage of MgO to the nearest 0.1 as follows: 

MgO, %= IV X 72.4 

where IV ~ grams of MgjPjO; 

72.4 = molecular ratio of 2MgO to Mg2P20T (0.362) divided by weight of sample 
used (0.5 g.) and multiplied by 100 

DETERMINATION OF SULFUR TRIOXIDE 

Procedure.— T q 1 g. of the sample, add 25 ml. of cold water and, while the mix- 
ture is stirred vigorously, add 5 ml. of HCI. If necessary, heat the solution and 
grind the material with the flattened end of a glass rod until it is evident that de- 
composition of the cement is complete (Note 1). Dilute the solution to 50 ml, and 
digest for 15 minutes at a temperature just below boiling. Filter, and wash the 
residue thoroughly with hot water. Dilute the solution to 250 ml. and heat to 
boiling. Add slowly, drop by drop from a pipet, 10 ml. of hot BaClg (100 g. per 1.) 
and continue the boiling until the precipitate is well formed. Digest the solution 
for 12 to 24 hours at a temperature just below boiling (Note 2). Take care to 
keep the volume of solution between 225 and 260 ml. and add water for this pur- 
pose if necessary. Filter the precipitate, wash, place the paper and contents in a 
weighed platinum or porcelain crucible, and slowly char and consume the paper 
without inflaming. Then ignite at 800* to 900*C., cool in a desiccator, and weigh 
the BaS04. 

Note 1.— A brown residue due to compounds of manganese may be dhregardecl. See 
Note 2 (p. 106S) under Determination of Insoluble Residue. 

Note 2.— If a rapid determination is desired, the time of digestion may be reduced to 
as little as 3 hours. The result may be slightly low. If the cement is rejected for failure 
to meet the specification requirement, the time of digestion shall be 12 to 24 hours. 

Blank.— Make a blank determination, following the same procedure and using 
the same amounts of reagents, and correct die results obtained in the analysis ac 
cordingly. 

Calculation.— Calculate the percentage of SO^ to the nearest 0.1 as follows: 

SO3, %=WX 34.3 

where W — grams of BaS04 

34.3 = molecular ratio of SO3 to BaS04 (0.343) multiplied by 100. 

Optional Procedure.— TI \q acid filtrate obtained in the determination of the in- 
soluble residue (p. 1068) may be used for the determination of SO3 instead of using 
a separate sample. 

DETERMINATION OF SULFIDE SULFUR 

Apparatus. Gas Generating Flask.— Connect a dry 500-ml. boiling flask with a 
long'Stem separatory funnel and a small connecting bulb by means of a rubber 
stopper. Bend the stem of the funnel so tliat it will not interfere with the con- 
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ncctin^ bulb, adjust the stem so that the lower end is close to the bottom of the 
flask, mid connect the opening of the funnel witJi a source of compressed air. Con- 
nect die bulb with an L-shaped glass tube and a straight glass tube about J) cm. m 
length. Insert the straight glass tube in a laii-fonn, UlO-nil. beaker. A three-net k 
distilling flask with a long gl.nss tubing in the middle opening, placed between 
the source of compressed air and tlie funuel. is a convenient aid in the regulation 
of the air flow. If tlie air contains H.^.S or SO.^, a solution of lead acetate ot some 
other suitable absorbent shall be used in the bottle. Rubber used iu the appa- 
ratus shall be of a pure-gum grade low in sulfur and shall be cleaned with wann 

HCl. 

Reagents. Starch Solution.-’ro 100 ml. of boiling water, add a cool suspension 
of I g. of soluble starch in 5 ml. of water and tool. Add a cool solution of 1 g. of 
NaOH in 10 ml. of water, then a g. of Kl, and mix thoroughly. 

Standard Potassium Permanganate Solution, O.OiJ A',— Prepare a solution of 
KMnO., on the basis of O.'Jl g. per liter, 'i'he solution should not be i'dtered 
tlirough any filter containing organic matter. It is most convenient to sipiion olf 
clear solution without ilisturbing the sediment on the bottom of the bottle. 
Standardize the solution against about 0,15 g. of sodium oxalate oxidinietric siaiul- 
ard furni.shcd by the National Bureau of Stamlards (staiulard sainjile .No. -10) ac- 
cording to the directions furnished with the sodium oxalate. 

Standard Sodium Thiosulfate Solution, 0.03 Ah— Prepare a solution of NhuS^O;, 
on the basis of 7.1 g. of Na.^S.^O.^-oH.X) per liter. 

Staiulard Potassium lodaie Solution, 0.03 Ah— Piejiare a solution of KlChj and 
KI on the basis of 1.12 g. of KIO., and 12 g. of K.I per liter. Standardize tlie sohi- 
tion as follows: To a cool solution of 1 g. of K.I in 300 ml. of water and 10 ml. of 
HCl in a 500-inl. il.isk, add about 25 ml. of the standard K.MnO, solution, swirl the 
solution gently, stopper the fl.isk, and let stand for 5 minutes, 'ritrate the liberated 
iodine with the standard Na.jS^O., solution until the color nearly fades. .UId 2 ml. 
of the starch solution, continue the titration until the blue color is destioyed. ami 
back-titrate with the staiulard RMnO, solution until the blue color just rcappe.irs. 
Repeat the titration with the KIO., solution substituted for the KMnO., solution. 
Calculate the sulfur etjuivideiu of the standard KIO., solution in grams jier milli- 
liter as follows: 


E = 


.1 X C X C X 0.2392 
EX DX F 


where E - sulfur eciuivalent of the KIO3 solution in grams per milHliicr 

A = grams of Na..;C20.i used in the standardization of the KMn04 solution 
B = millilitei"s of KMn0.t solution required by d 

C = milliliters of KMn0.i solution used in the standardization of tlie KlOa solu- 
tion 

E = milliliters of Na^S-jOa solution required by C 

F = milliliters of KIO.i solution used in the standardization of die KlOn solution 
Cj — milliliters of NaoS-^Oa sokition rectuired by F 



PORTLAND CEMENT 


1062 

Stannous Chloride Solution.— To 10 g. of SnCl2'2H20 in a small flask, add 7 ml, 
of HCl (1:1), warm the mixture gently until the salt is dissolved, cool the solution, 
and add 95 ml. of water. This solution should be prepared as needed, as die salt 
tends to hydroly 2 e. 

Ammoniacal Zinc Sulfate Solution.— Dissolve 50 g. of ZnS 04 * 7 H 20 in 150 ml. 
of water and 350 ml. of NH^OH. Filter die solution after allowing it to stand at 
least 24 hours. 

Ammoniacal Cadmium Chloride Solution.— Dissolve 15 g. of CdCl2*2H20 in 
150 ml. of water and 350 ml. of NH^OH. Filter the solution after allowing it to 
stand at least 24 hours. 

procedure.— Place 15 ml. of the ammoniacal ZtiSO^ solution (Note 1) and 285 
ml. of water in die beaker. Pul 5 g. of the sample (Note 2) and 10 ml. of water 
in die flask and shake the flask gently to wet and disperse die cement completely. 
This step and the following one should be performed rapidly to prevent the set- 
ting of the cement. Connect the flask with the funnel and bulb. Add 25 ml. of die 
SnCt 2 solution dirough tlie funnel and shake the flask. Add 100 ml. of HCl (1:3) 
through tlie funnel and shake the flask. During these shakings, keep the funnel 
closed and the delivery tube in die ammoniacal ZnSO^ solution. Connect die fun- 
nel with the source of compressed air, open die funnel, start a slow stream of air, 
and heat the flask and contents slowly to boiling. Continue the boiling gently 
for 5 or 6 minutes, cut off die heat, and continue the passage of air for 3 or 4 
minutes. Disconnect the delivery tube and leave it in die solution for use as a 
stirrer. Cool die solution to 20* to 30*C. (Note 3), add 2 ml. of the starch solu- 
tion and 40 ml. of HCl (1:1), and titrate immediately with the standard KIOj 
solution until a persistent blue color is obtained (Note 4). 

Note 1.— In general, the ZnS04 solution is preferable to the CdCl^ solution because 
ZnSO^ is more soluble in NH40H th.iu is CdCl2. The CdC)2 solution may be used nhen 
there is doubt as to the ptesonce of a trace of sulfide sulfur, as the yellow CdS facilitates 
the detection of a trace. 

Note 2.— If the coiuciu of sulfur exceeds 0.20 or 0.25%, a smaller sample siiould be 
used so that the liiratiuti nidi die KIO 3 solution will not exceed 25 ml. 

Note 3 .— The cooling is important, as the end point is indistinct in a warm solution. 
A part of the NH^OH is lost during the distillation and tlie remaining NH4OH reacts 
uiili acid, raising the temperature of the solution a few degrees without rendering the 
end point uncertain. 

Note 4 .— U the content of sulfur is appreciable but not approximately known in advance, 
tlie result may be low due to the loss of H2S during a slow titration. In such a case the 
dctcimination should be repeated with the 'titration carried out more rapidly. 

Blank.— Make a blank determination, following the same procedure and using 
the same amounts of reagents, and correct the results obtained in the analysis ac- 
cordingly. 

Calculation.— Calculate the percentage of sulfur (Note 5) as follows: 

Sulfur, % = EVX 20 

where E = sulfur equivalent of the KIO3 solution in grams per milliliter 
V — milliliters of KIO3 solution required by the sample 
20 “ 100 divided by the weight of sample used (5 g.) 

Note 5.— Sulfites, thiosulfates, and other compounds intermediate between sulfides and 
suUai^ arc assumed to be absent. If si^ compounds are present, they may cause an 
error in the determination. 
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DETERMINATION OF LOSS ON IGNITION 
Procedure.— Heiit 1 g. of the sanijjle in a weighed, covered platimim crucible of 
20- to 25-ml. capacity, as follows, using either .Method A or IJ as specified. 


NoTE.-These mcthoils are not considered suitable for the rlclei ininaiuitt of the Uks of 
volatile matter on ij^^niiion of poriland blast-ftunate sla;^ cement and of sla- cement, .1 
method suitable for such cements is described in Section 19 of tlic lentatne .Methods for 
Chemical Analysis of Portland Cement (AS'I'M 0111-581). 


Method A.— Place the crucible in a liole in an asbe.stos boaul clatnped hori- 
zontally, so that about three-fifths of the trttciblc projects below ilie board. Ignite 
at a full red heat (900“ to 10l)0“C.) until constant weight is olitained. .Allow a mini- 
mum of 15 minutes for the initial heating period and 5 minutes for all siilise- 
qtieiu periods. Take care to wipe off particles of asbestos that may adhere to tlie 
crucible when withdrawn from tlie hole in the board, (beater ne;Uiiey> and short- 
ening of the time of heating may lie sectiretl fry making a hole to fit the ciucible 
in a circular disc of sheet platinum and placing this disc over a somewhat larger 
hole in an asbestos board. 

Method B.— Ignite the cruciide and its contents to constant weight in a tmiffle 
furnace at a temperattire of 950“ i 5U“C. .Allow .a minimum of 15 minutes for 
die initial heating period and 5 minutes for all subsetjiienl periods. 

Calculation.— Calculate the percentage of loss on ignition to tiie nearest O.I by 
multiplying the loss in weight in grams hy 100. 


DETERMIN.ATION OF .SODIIJ.M AND I’O TA.SSIL.M OXIDE 
The American Society for Testing and .Materials Siaiulurd .Method as descrilietl 
in ClM-58, Sections 21 through 25, and tommonly refeired u> as the ‘‘J. I,. Smith 
Method" is a complicated proceduie rctpiiring seveial days for completion, ft is 
now seldom used except for such projects as the development of primaty sia miauls 
as specified in the flame photometric methods for the deicrmin.itiun of soilitim ami 
pouissium oxide. Flame photometers are comparative instruments ami are siili- 
ject to interferences from other elements iliai may lie contained in the unknowns: 
consequently it is vitally important that primary st.imlauls, hasetl on sotimf gravi- 
meuic procedures, be available for califnaliou ami perfoimame tests. 

The method detailed below will be the turrent ,AST;M 'I'entative Standard 
C1M-58T, with niodihcations that will be similar to Federal 'Fest Methoil St.imi.iid 
No. 158. 


SODIUM OXIDE AND POTASSIUM OXIDE JiY FLAME PHOTOMETHY 
USING THE DIRECr-lNTENSri'Y .METHOD 

Apliaratus.-Tho flame photometer consists essentially of a solution atomizer, a 
Meker-type burner operating on a mixture of propane gas and filtered air coiuaiti- 
mg the atomized solution, a light slit and light-collimating system between the flame 
and light-dispersing prism or prisms, followed by a condensing lens ami a movable 
light sht whose position is indicated on a wavelength scale and which pi.sses a 
selected wave band of refracted liglit to a photoelectric cell. 'Fhe light beam is in 
terrupted periodically to cause an a-c output of the photocell current. The current 
generated hy the cell is amplified and its intensity is measured by meter deflection 

"""‘^‘•‘“irations of 

photometer shall be mounted in a suitable cabinet and shall include 
the following features and accessories: iciucic 



1064 PORTLAND CEMENT 

Air Supply.— Compressed air shall be supplied to the apparatus through a dust 
filter, a liquid trap, and a pressure-regulating and reducing valve capable of 
delivering air to die apparatus at the rate of 2 cu. ft. per minute and at a constant 
pressure within the range from 8 to 15 psi., with a maximum deviation of ± Q.l 
psi. from the selected pressure. 

Gas Supply.— Compressed propane gas or commercial "bottled gas” shall be sup- 
plied to the apparatus through a pressure-regulating and reducing valve at a con- 
stant pressure within the range from 2 to 10 psi. and with a maximum deviation of 
±0.1 psi. from the selected pressure. 

Solution Atomizer Assembly.— Tlie solution atomizer shall be of acid-resistant 
glass construction and shall be capable of atomizing solutions at a rate ranging from 
10 to 25 ml. per minute with an accuracy of ± 1 ml. at any point within this 
range when air at a pressure of 10 psi. is supplied to the air port. The atomizer 
shall be easily accessible for cleaning. The vessel receiving the atomized solution 
shall also be of glass of such construction that large droplets of solution are led 
to a drain. The finer droplets suspended in air shall be led to the air port of 
the burner through a tube having a smooth internal bore of approximately % in. 

Gas Burner Assembly.— The gas burner shall be of the Meker type designed for 
proper combustion of propane gas with air. The grid and grid holder shall be 
made of a metal not easily corrodible by hydrochloric add solution and, together 
with the burner, shall be easily deuchable for cleaning purposes. The burner 
shall be provided with a means of adjusting the air-gas ratio to permit recom- 
mended flame diaracteristics. A heat-resistant colorless glass chimney to ensure 
steady operation shall be provided, together wltli a suitable support. 

Optical System.— The monocluomator shall consist of an entrance slit of suitable 
dimensions, a system of lenses and prisms for collimating, dispersing, and focusing 
the light beam, an exit slit and wavelength selector, and a photocell. At a point in 
the light path between the flame source and the first lens, there shall be a mechani- 
cal means (such as a reed vibrator or motor-driven chopper disc) for interrupting the 
radiation at a constant frequency to provide an a-c signal from the photocell. 

Electric Current Supply.— The electric current supply shall be 110- to 115-v., 
60-cycle, a-c current obtained from a suitable regulator capable ol maintaining 
voltage with an accuracy of ±1 v. 

Electric Circuit.— The electric circuit shall be an a-c amplifier operating at the 
radiation modulation frequency. The amplifier shall have such gain and stability 
that the amplified signal, after synchronous rectification and filtering, can’ be read 
on a standard meter. The gain control of the amplifier shall be regulated by a 
coarse and fine adjustment. 

Indicating Meter.— The meter sliall be a standard panel meter of 100 scale divi- 
sions readable and reproducible to % division. 

Note.— The type of flame photometer as describet! has been found to be generally satis- 
factory; hos\e\er, other flauie pholonieters. together with suitable procedures, may be Used 
provided the equipment meets the following performance tests: The equipment must be 
capable of obtaining values for sodium oxide and potassium oxide on samples such as 
National Bureau of Standards Sample No. 177 within ±0.02 percentage points of me 
certified values. 

Reagents. Calcium Chloride Stock Solution.— Add 300 ml. of water to 112.5 g- 
of CaCOg (Note) in a 1500-ml. beaker. While stirring, slowly add 500 ml- of 
HCl (sp. gT. 1.18). Cool the solution to room temperature, filter into a l-Hter 
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This solution contains 


volumetric flask, dilute to the mark, and mix thoroughly, 
die equivalent of 03,000 p. p. m. (0-3%) of CaO. 

NoTE.-TJie calciimi carboualc shah he A.C.S. 'Mow-alkaU" CaCO;j, f 

cation limit of 0.01i% total alkalies a-, sulfate. I he puu hascr >,luml(t .isstnc lum.sell 

this specilicatitm is met. 

Sodium-Potassium Chloride Stock Solution.-Dissolve l.SH.aS g. ol NaCl and 
1.5830 of KCl (previously drietl at 10.5" to IKPC. for several houis) in water, 
dilute to 1 liter in a volumetric flask, and mix thoroughly. I his sfilution contains 
the etittivaleiu of 1000 p. p. m. (0.10%) eadt of Na.O and K.O. 


Taulu 20-2. Stanuaud .Sonurtoxs 


Designation of Standard 

' Composition 

j 

of .Standard 

Final V'uhuue 
of .Sulutiun, ml. 

Solution No. 

i 

Concentration 
of Alkali (Ex- 
pressed as 
Na-.0 or K.,0), i 
p. p. m. 

i 

j 

CaCl-, .Slock 
Solution, ml. 

NaCl- KCl Stock 
Solution, ml. i 

1 

100 

200 

200 

2000 

2 

75 

100 

75 

1000 

3 

50 

100 

50 i 

1000 

4 

25 

100 

i 25 

1 1000 

5 * 

10 

100 

i 10 

i 1000 

6 

0 

100 

0 

i 1000 

7 

100 

0“ 

100 

1000 


“ The calciiiin-frcc solution is for u.se only in determining the con cet positions of the wave 
length selector for nia,\iinui'n responses to Na,;0 and K-O. 


Standard Solutions.— Prepttre the standard sulutious preset iheil in 'Tahle 20-2. 
The retiuircd volume of NaCl-KCl stock solutions shall he measuretl iit calihratet! 
pipets or burets and the CaCL stock solutions may he moasuretl in a graduated 
cylinder. Each solution shall be placed in a vohnnetric flask. tlihUed to the vohnne 
indicated in Table 2.'l-2 and mixed thoroughly. 'Ehe .solutiou,s shall he stored in 
bottles of acid-resistant glass with gronnd-glas,s or nihher stoppei-s. 


Calibration of A(ilmratus. (a) \Vaiimip of Apparatus and .Vtljusimeut of 
Flaine.-l'uru on the electric current (Notk 1). Adjust the air pressure to aiiinoxi- 
mately 10 psi. and the gas pressure to approximately .5 psi., aiul light tlie hunier. 
Alter a few mnuues. place the chimney in a vertical position, with it.s bottom ed-e 
centered and approximately to M in. below the top of the burner. 'EJicji uliiKt 
the air-gas ratio to give a faintly visible flame 5 to (i in. high and with lA in cones 
over die burner grid. These cones should be uniform, quiet, and of blue o 
greemsh-blue color. Allow approximately 30 minutes after the curreai and e is 
are turned on for warmup of the system before using the apparatus. ' 
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Note 1.— Under humid conditions it is often advisable to leave the electrical circuit on 
continuously, although a chopper motor should be disconnected to avoid excessive wear. 
With the vibiator the whole system can be left on. This keeps the temperature slightly 
elevated to prevent moisture condensation. 

(b) Calibration Procedure.— (1) If the apparatus is equipped with cells for the 
determination of alkalies by the internal-standard method, set and leave the inter- 
nal-standard dial at zero. Turn die meter zero-adjustment knob until the panel 
meter reads zero. 

(2) Find the correct position on the wavelength dial for the element to be de- 
termined by pouring into the atomizer (Notc 2) some of the standard calcium- 
free solution (No. 7, Table 29-2) and moving the selector slowly back and forth 
on each side of the indicated wavelength for the element until the point for maxi- 
mum deflection of the meter is noted. Set the wavelength selector at this point. 
The coarse and fine gain controls are used to adjust die deflections to the range 
90 to 100. 

Note 2.— The atomizer shall be rinsed with each solution prior to taking readings on 
that solution. 

(3) Pour the 100-p. p. m. siatvdard calcium-alkali solution (No. 1) into die atomizer 
and adjust the coarse and fine gain controls until the meter reads 100. Then 
pour the standard alkali-free solution (No. 6) into the atomizer and turn the zero- 
adjustment knob until tlie meter reads zero. Repeat these two operations until no 
appreciable adjustment is necessary in going Irom one to the other. 

(4) Next, pour into the atomizer the 75-p. p. m. standard solution (No. 2) and note 
the meter reading. Check the zero reading with standard alkali-free solution 
(No. 6). Return to the 100-p. p. m. standard solution (No. I). These last two read- 
ings serve to evaluate the reading for the 75-p. p. m. solution. If they are within 
one scale division of zcio and 100, respectively, the meter reading obtained for the 
75-p. p. m. solution can be considered correct. H eitlier the zero or 100-p. p. m. 
reading are not within one scale division of zero and 100, respectively, then the 
previously obtained meter reading for the 75-p. p. m. solution (No. 2) shall be re- 
jected. Ill the latter event, step (3) shall be repeated and another reading taken 
for the 75-p. p. m. solution. Only when the zero and lOO-p. p. m. readings are in 
proper relation both before and after taking readings on an intermediate standard 
can the intermediate standard readings be taken as accurate. 

(5) In a similar manner, determine and record meter readings for the 50-, 25-, and 
10-p. p. m. standard solutions (Nos. 3, 4, and 5), comparing them with the zero and 
100-p. p. m. solutions as in step (4). 

(6) Plot calibration curves for each oxide using cross-section paper of sucli type 
tliat each divisoin on the ordinate represents a meter reading of one, and eacli 
division on the abscissa represents a concentration of 1 p. p. m. or 0.01% of alkali 
oxide (Notes 3 and 4). 

Note 3— Since the cement to be analyzed is made up with 1 g. of cement in 100 ml. of 
solution, 1% of Na20 in the cement is equivalent to 1 part of Na20 in 10,000 parts of inc 
solution. One part in 10.000 is 100 p. p. ra.; beiice the 100-p. p. m. Na20 standard solution 
(which contains 0.01% Na20 as NaCl) is efiuivaient. in the determination, to a cement 
containing 1.0% of Na20. Likewise, the 10-p. p. m. standard solution is equivalent to a 
cement containing 0.1% of Na20, and tlie other standard solutions fall in their equu'* 
alcnt positions. 

Note 4.— It is reconunended that each laboratory using this method keep available two 
or more samples of cement whose NajO and K2O contents have been carefully determinca 
by standard gravimetric procedures. Analyses made on these samples will be of value as 
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a check on each new set of standard solutions and will serve to assure the operator of the 
proper functioning of the apparatus. 

Procedure. Solution of the Ccment.-iMace 1.000 g. of the cement in :i 150- to 
250-ml. beaker and disperse with 10 to 25 ml, of water, using a .swirling motion of 
the beaker. Wliile still .swirling, add 5 ml. of HCl (sp, gr. 1. 1 8) all at once. Di- 
lute immediately to .50 ml. with water, llreak up any lumps of cement remaining 
undispersed with a Hat-end stirring rod. Digest on a steam balii or hot plate for 
15 minutes and Idler through a medium-te.xiuie paper into a calibrated lOO-ml. 
volumetric Husk. Wash the beaker and paper thoroughly with water. Cool the 
contents of the flask to room temperature, dilute to 100 ml,, anti mix the .solution 
thoroughly. 

Determination of Na^O.— Warm up the apparatus and atljust the llame as de- 
scribed under paragraph (a) of Calibration of .Apparatus. Find the point of jn.ixi- 
mum response to Na^O on the wavelength scale by use of the stamlartl calcium- 
free solution (No. 7) in the atomizer and .set the wavelength selector at this point 
as described liiuler paragraph (5). step (2) of Calibration of .Apparatus. Then with 
alternate use of the standard alkali-free solution (No. G) and the lOU p. p. m. stand- 
ard calcium-alkali solution (,\o. 1), set the zero-adjustment knob and coaise .and 
fine gain controls until the meter reading consistently ch.ange.s from zero to 100 
as the alkali-free solution is replaced with the lOU-jr. p. ju. solution. 

Following these adjustments, run cement .solution through the atomizer and 
note its meter reading. Select the standard solution closest to the cement solution 
in NaoO content and observe its meter reading, 'rhis value should agree within 
one division on the meter scale witir the value established iluring calibjation of 
the apparatus. If it does not. reset the meter needle to the original t.ilibration 
point by use of the gain control. .-Mso, if necessary, readjust the zero point with 
tire standard alkali-free .solution (No. 6) in the atomizer. Finally, alternate the 
use of the unkitowti solution and the close.st standartl solution until readings for 
the unknown agree within one division on the meter scale, and readings for the 
standard similarly agree with the calibration point. Record the average of the 
last two meter readings obtained for the unknown solution. 

Determination of K^O.-Detertuine as directed for Na.,0 in paragraph (b). 
except that the wavelength selector shall be set at the point of maximum re.sponse 
to K.jO by u.se of the standard calcium-free .solution (No. 7). 

Calculations and Report.— Using the recorded average of meter reading for Na..() 
and KoO in the unknown sample, read the percentage of each oxide from its re- 
spective calibration curve. Report each oxide to the nearest 0.01%. 

DETERM IN ATIO.N OF ^V.A TER-SOLUnLE ALKALI 
Refer to ASTM ClM-58, Section 25. 

DETERMINATION OF PHOSPHORUS PENTOXIDE 
Refer to z\STM Cl M-58, Section 2-1. 

DETERMINATION OF MANGANIC OXIDE 
Refer to ASTM Cl 14-58, Section 26. 

DETERMINzVTION OF CHLOROFORM-SOLUBI F 
ORGANIC SUBSTANCES 
Refer to ASTM Cl 14-58, Section 29. 
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DETERMINATION OF INSOLUBLE RESIDUE 

Procedure.— To 1 g. of the sample (Note 1) add 25 ml. of cold water. Disperse 
the cement in the water and. while swirling the mixture, quickly add 5 ml. of 
HCl. If necessary, warm the solution gently and grind the material with the flat- 
tened end of a glass rod for a few minutes until it is evident that decomposition 
of the cement is complete (Note 2). Dilute the solution to 50 ml. with hot water 
(near boiling) and heat the covered mixture rapidly to near boiling by means of 
a high-temperature hot plate. Then digest the covered mixture for 15 minutes at 
a temperature just below boiling (Note 3). Filter the solution into a 400-ml. 
beaker, wash the beaker, paper, and residue thoroughly with hot water, and re- 
serve the filtrate for the sulfur irioxide determination, if desired (Note 4). Trans- 
fer the filter paper and contents to the original beaker, add 100 ml. of hot (near 
boiling) NaOH solution (10 g. per liter) and digest at a temperature just below 
boiling for 15 minutes. During the digestion, occasionally stir the mixture and 
attempt to macerate the filter paper. Acidify the solution with HCI using metliyl 
red as the indicator and add an excess of four or five drops of HCl. Filter and 
wash the residue at least 14 times with hot NH^NO^ solution (20 g. per liter), 
making certain to wash die entire filter paper and contents during each washing. 
Ignite the residue in a tared crucible at 900'* to 1000*C.. cool in a desiccator, and 
weigh. 

This method or any other method designed for the estimation of acid-insoluble 
substance in any type of cement is empirical, because the amount obtained de- 
pends on the reagents and the time and temperature of digestion. If the amount 
is large, there may be a little variation in duplicate determination. The direc- 
tions should be followed closely in order to reduce the variation to a minimum, 
When the method is used on blended cement, the decomposition in acid is con- 
sidered to be complete when the portland cement clinker is decomposed com- 
pletely. An NHjNOg solution is used in the final washing to prevent finely 
ground insoluble material from passing through the filter paper. 

\ 0 TE 1.— If sulfur irioxide is to be determined by lurliidimetry (ASTM CI14-58, Sec- 
tion 44), it is permissible to determine the insoluble residue on a 0.5-g. sample. In this 
e\eat, the percerifage of ccisolubte residue should be calculaCed to the nearest O.W by 
multiplying the ueight of residue obtained by 200. However, the cement should not be 
rejected for failure to meet the insoluble residue requirement unless a 1-g. sample has 
been used. 

Note 2.— If a sample of portland cement contains an appreciable amount of manganic 
oxide, there may be brown compounds of manganese which dissohe slowly in cold diluted 
HCl but rapidly in hot HCI in the specified strength. In all cases, dilute the solution as 
soon as decomposition is complete. 

Note 3.— In order to keep the solutions closer to the boiling lempeiatuie, it is recom- 
mended that these digestions be carried out on an electric hot plate rather than on a steam 
bath. 

Note 4.— Continue with the sulfur (rioxide determination (as described on p. lOCO, or 
by ASTM Cl 14-58, Section 16 or 44) by diluting to 250 or 200 ml. as required by the 
appropriate method. 

Blank.— Make a blank determination, following the same procedure and using 
the same amounts of reagents, and correct tUe results obtained in the analysis 
accordingly. 

Calculation.— Calculate the percentage of the insoluble residue to tlie nearest 
0.01 by multiplying the weight in grains of the residue (corrected for the blank) 
by 100. 
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determination of free calcium oxide in PORTLAND 

CEMENT AND CLINKER 

Tins metlioci, which has been stamlardi/ecl by the ASTM under designation 
Cll i-58T covers a detailed procedure for the determination of free calcium oxu e 
in fresh noriland cement clinker. When it is applied to portlaiul cement or aged 
clinker, the possibility of the presence of calcium hydroxide should be kept in 
mind, as this method does not clilferentiate between free calcium oxide (CaO) and 

free calcium hydroxide (Ca(Oi-I)^,). ... , . 

This method is based on the .solution of free calcium oxide in a hot solution 
of glycerol and alcohol and the subset|uent titration of the dissolved lime with 
an alcoholic solution of ammoiiiuin acetate. 

A[)(i(imltts. Boiling Assembly.--It is recommended that all sections of the boil- 
ing assembly have standard-taper, interchangeable ground-glass joints, although 
connections with clean, tight-lilting rubber stoppers ;ire permissible. I he liask 
used for boiling the sample and solution shall be a llat-boltom. short-neck boiling 
llask or Erlenineyer (lask of 200- or 'iaO-ml. capacity. The reflux condenser shall 
have a length of at least iUU) mm. if water-cooled or 500 mm. if air-cooled. 

Buret.-.-\ buret having a 10-ml. capacity and graduated in units of not more 
than 0.05 ml. is required. refilling type of semimicro Inirel with a lOO-nd. reser- 
voir is recoinmencled and the air entering the reservoir should pass through a pro- 
tective tube containing soda-asbestos (.\scarite). and anhydrous calcium sulfate 
(Drierite), or other suitable agents, for removal of carbon dioxide and moisture. 

Refigeu/s.— It is essential that the reagents and subsequent solutions be protected 
from moisture and carbon dioxide. 

Ammonium Acetate.— .Anunoninm acetate usually is damp upon recei[)l or after 
laboratory storage and must be dried before use. Desiccation drying is recoin- 
mended for a period of not less than two weeks, using anhyilrous calcivim .sulfate 
(Drierite), or other drying agents of equal elliciency. If the ammonium acetate 
appears damp after this storage jieriod, the jJie.sence of free acetic acid is noted, 
and a fresh supply of annnonium acetate must be u.sed. 

.-Ammonium ,-Vcetate, Standard Solution (I ml. ~ 0.00.5 g. CaiO).— I’reparc a 
standard solution of animoniuin acetate by dis.solving Hi g. of desic- 

cated ammonium acetate in 1 liter of ethanol in a dry, clean, stopjrered bottle. 

Standardize this solution as follows: Ignite approximately 0.1 g, of calcium car- 
bonate (CaCO-j) or calcium oxalate (CaC.X),,) in a platinum crucible at ‘100“’ to 
1000°C., cool the contents in a desiccator, and weigh to the ne.ue.st 0.0001 g. to 
constant weight. The weighings shall be performed quickly to prevent ab.sorption 
of water and carbon dioxitle (COo). Immediately transfer the CaO without grind- 
ing to a clean, dry, 200- or 250-1111. Erlenmeyer flask and reweigh the empty crucible 
to determine the weight of CaO used to the nearest 0.0001 g. Add to the llask 60 
ml. of glycerol-ethanol solvent and a few gla.ss beads to ensure vigorous boiling 
and complete agitation without bumping when heal is applied. Disperse the CaO 
in the solution by shaking the flask, and attach a reflux coiideiKser. Roil the 
mixture. The ebullition should be positive but not so violent :is to cause buiiip- 
nig or excessive evaporation. Then remove the condenser and immediately titrate 
die solution, while near boiling, with the standard aniiiionium acetate .solution 

the titration at inter- 

\ais. bl akt the flask frequently between tuvations to shorten the time renuired 

die titration intervals may be 20 minutes, but thev 
will cliiedy depend on the rapidity of the dissolution of CaO, (Caution See 
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Note 1.) The titration is complete when the pink color does not appear in the 
solution during continuous boiling for 1 hour (Note 2). If the end point is ac- 
curately determined, the solution will turn pink upon cooling, since the end 
point will not be the same for a hot and cold solution. This can serve as evidence 
that the end point has not been greatly exceeded. 

Calculate the CaO equivalent of the ammonium acetate solution in grams per 
milliliter by dividing the weight of CaO used by the volume of solution required. 

Note 1. Caultoit.~The use of an open gas flame for boilitig the sohcnt-sample mix- 
ture presents a fiie hazard and therefore is not recommended. 

Note 2.— Titrations should be conducted at 5-miiiutc interv’als for the first 20 minutes 
to prevent the formation of cr)stals (probably caldum glyceride) which dissolve sloul)' 
and increase the time required for the completion of the titration. Thereafter, the color 
of the solution should he used as a guide for the titration interval. 

Ethanol.— Absolute ethanol is preferred but may be replacetl by anhjdious eth- 
anol denatured according to Formula No. 3a or 2b of the U. S. Bureau of In- 
ternal Revenue. The Formula 3a alcohol is 95% ethanol and 5% methanol, and 
the Formula No. 2b alcohol is 99.5% ethanol and 0.5% benzol. 

Glycerol.— Water, although usually included by the manufacturer in the list of 
Impurities on the label, is almost always present in glycerol. To ensure tliat the 
water content is under 5%, the specific gravity at 25/25'’C. should be determined 
by means of a pycnometer and should be not less than 1.249. 

Glycerol-Ethanol Neutral Solvent.— Prepare a solution consisting of I volume 
of glycerol and 5 volumes of ethanol. To a clean and thoroughly dried 2^1. 
reagent bottle, add 1.0 pound of glycerol (360 ml.) and 1800 ml. of ethanol, using 
the edianol as a rinse for the glycerol to ensure its complete transfer. To tliis mix- 
ture add 0.18 g. of phenolphthalein. Immediately stopper the bottle and warm 
slightly on a surface that is less than 120*C. Localized healing shall be prevented 
by frequent agitation, until the indicator is completely dissolved and thoroughly 
mixed. 

The solvent mixture should be slightly alkaline, as indicated by a faint pink 
color when cooled to room tcmpeiaturc. If the mixture is colorless, add grad- 
ually a freshly prepared solution ol sodium hydroxide (NaOH) in ethanol until 
a faint pink color is formed. An approved neutral point is reached when the 
faint pink color of 60 ml. of tlie solvent mixture disappears on boiling or can 
be dispelled by not more than 0.02 ml. (approximately one drop) of ammonium 
acetate solution (1 ml. = 0.005 g. CaO) (Note 3), If the color of the fresh solvent 
mixture is strong pink when cooled to room temperature, dispel tire color by the 
addition of small increments of ammonium acetate solution until the faint pink 
color specified above is attained. If the solvent mixture becomes acid on stand- 
ing, as itidicated by the disappearance of the faint pink color, tire alkalinity shall 
be readjusted to a faint pink color by the gradual addition of a freshly prepared 
solution of NaOH in ethanol. 

Note 3.— The error resulting bom an excess alkalinity equivalent to 0.02 ml. of am- 
monium acetate solution is only 0.01% of free CaO and may be disregarded, 

procedure.— Grind about 1.2 g. of the sample in an agate mortar for 5 minutes 
(Note 1). Weigh 1.000 g. of tire finely ground sample into a clean, dry, 200- or 
250-ml. Erlenine)er flask, add 60 ml. of the glycerol-ethanol solvent and a few 
glass beads, and agitate to disperse tlie sample. Attaclr a reflux condenser an 
boil die solution in the flask on a hot plate or other suitable source of heat 
{Caution, see Note I, above). Vigorous boiling is more essential with cement 



PORTLAND CEMENT 10/1 

than with the pure CaO used in standardizing the acetate solution and should 
be conducted so as not to necessitate shaking of the flask. 

Note 1.— Thorougl\ of the satnple is essential for piopcr exposure of the free 

lime mains that often arc occluded in cisstals of tiitalciiun s-ilicatc in tlic ceinciu. flow- 
ever, exposure, of the sample to the air must be kept at a miniinuin to prevent carbo- 
nation of the free lime. In particular, direct hreaihiuj; into the sample must he avoided. 
The sample should be suflkicntly fine to easily pass a No. 200 (71 micron) sieve, hut actual 
sieving is noi rccoinincntlod. If the sninplc is luH to he iuiineclialely tested, it mu>l be kept 
in an aiitii;lu container to avoid unnecessary exposuie to the atmospheie. 

Remove the condenser, and inimediaiely titrate the solution (Notk 2), while 
near boiling, with ammonium acetate solution (I nd. ~ 0.005 g. C-’aO). A slight 
pink color should remain after all but the final titration, since extes.s acetate solu- 
tion reacts with tlie calcium ahnninate and silicates present in the sample. 

Note 2.— If it is necessary to leave the deiermination nncoinpifted. remove the flask 
from the condenser, titrate to a faint pink color, and stopper ihe flask tightly. When re- 
suming the determinaiion, hoil the mixture hefoie continuing the titration. 

Attach the condenser, return the flask to the hot pl.ite, and hoil as before. 

Repeat the titr.uion and boiling cycles at periodic intervals, whenever the solu- 
tion turns deeply pink or red. depending upon llie .speed of the solution ot the 
free CaO. Titratiotis may he as fietjuent as 5 minutes, but should uever exceed 
20 minutes in the e.irly st.Tges. Continue titrations until the faint pink color 
from the previous titration does not deepen and the percentage of free CaO of 
die sample does not increase l)y more than 0.05 upon its disch.irge with the ace- 
tate solution after 2 hours of lioiling. A strong daylight lamp with a reflector 
may be used as an aid iti the discernment of ilie end point by matching the con- 
tents of the flask with .similar conieius in another flask that contains an excess of 
ammonium acetate. 

Calculations.— Calculate the percentage of free CaO to ilie nearest O.l as follows: 

luce CaO, % = EV X 100 

where E = CaO equivalent of the ammonium acetate solution in grams per jnillllitcr 
V = milliliters of ammonium acetate solution required by the sample 

Precision.— Duplicate determinations by this method should agree within 0.20. 
The maximum permissible variation between the extreme values in triplicate de- 
terminations should be less than 0.50. 


OPTIONAL METHODS 

The optional methods described in the following sections are provided for those 
who wish to use procedures shorter or more convenient than the preceding ones 
for the routine determination of certain components. In case of dispute, results 

must be obtained m accordance with the referee methods described above, and 
tliese results shall govern. 

DETERMINATION OF SILICON DIOXIDE 
(OPTIONAL METHOD) 

a 0-5 S. of the sample and about 0.5 g. of NFLCl in 

a 50-ml beaker, cover the beaker with a watch glas.s, and add cauSously 5 ml o 
HCl. allowing the acid to run down the lip of die covered beakc" ^Aftm dm 
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chemical action has subsided, lift the cover, add one or two drops of HNO3, sur 
the mixture with a glass rod, replace tlie cover, and set the beaker on a water 
bath for 30 minutes (Note I). During this time of digestion, stir the contents 
occasionally and break up any remaining lumps to facilitate the complete decom- 
position of the cement. Fit a medium-texture filter paper to a funnel, transfer 
the jelly-like mass of silicic acid to tlie filter as completely as possible without dilu- 
tion, and allow the solution to drain through. Scrub the beaker with a rubber 
policeman and rinse the beaker and policeman. Wash the filter two or three 
times with hot HCl (1:99) and then with ten or twelve small portions of hot 
water, allowing each portion to drain through completely. Reserve the filtrate 
and washings for the determination of the ammonium hydroxide group (Note 2). 

Note L— A hot plate may be used instead of a water bath if the heat is so regulated 
as to approximate that of a water bath. 

Note 2.— Detennine the ammonium hydroxide group by the procedure described under 
Determination of the Ammonium Hydroxide Croup. Reserve the combined filtrates for 
tlie determination of CaO by either the referee or optional method. 

Transfer the filter paper and residue to a weighed platinum crucible, dry, and 
ignite, at first slowly until the carbon of the paper is completely consumed with- 
out inflaming, and finally at 1050* to n00“C. for 1 hour. Weigh the residue as 
SiOj (Note 3). 

Note 3,— If there is any doubt about the percentage of SiO^ meeting a specification re- 
quirement, the amount of impurities in the residue may be ascertained by treating the 
Si 02 with HF and H 2 SO 4 as directed under the referee method for silicon dioxide deter- 
mination, p. 1055. However, the cement shall not be rejected for a low SiOj content 
unless the aetermination is made according to the refetee method. 

Blank.— Make a blank determination, following die same procedure and using 
the same amounts of reagents, and correct the results obtained in the analysis ac- 
cordingly. 

Calculation.— Calculate the percentage of SiOg to the nearest 0.1 by multiplying 
the weight in grams of Si02 by 200 [100 divided by the weight of the sample used 
(0.5 g.)]. 

DETERMINATION OF CALCIUM OXIDE (OPTIONAL METHOD) 

Reagents. Standard Potassium Permanganate Solution, 0.18 N.— Prepare a solu- 
tion of KMn04 on the basis of 5.64 g. per 1. The solution should not be filtered 
through any filter containing organic matter. It is most convenient to siphon off 
clear solution without disturbing the sediment on the bottom of the bottle. Stand- 
ardize the solution against 0.7500 g. of sodium oxalate oxidimetric standard furn- 
ished by the National Bureau of Standards (standard sample No, 40) according to 
the directions furnished with the sodium oxalate. If the buret reading is 62.77 ml., 
tlie solution contains 0.0056357 g. of KMn04 per milliliter, which is equivalent 
to exactly 0.005 g. of CaO. Because of impurities and deterioration, the reading 
in the standardization is usually not 62.77 ml. Calculate the CaO equivalent of 
die solution in grams per milliliter as follows: 

„ 0.31385 

V 

where E = CaO equivalent of the KMn04 solution in grams per milliliter 
V = milUUtets of KMn04 solution required by C.7500 g. of Na2Ga04 
0.31385 = (i2.n multiplied by 0.005 



PORTLAND CEMENT 


107:i 


Nonc.-Tlie solmion is imcudcd to be ctjuivalcnl to 0.005 of CaO pet mdlilittt, oi 
iw CaO in a O-n-g. sample for eadi milliliter. 'fUe mimbcis O.OO.itKb/ ‘“i ‘’i.; 

lained as follows: 0.005 ^ of CaO multiplied by the molecular ratio of -KNfnO, 

»ivcs 0.005(;357 i^. of KMuO.,; 0.75 k- Na.C/), '.'X 

2KMn0.i to 5.N'a^CoOi gives 0.35375 g. of K.\lii0.i: 0..1;>3/o g. dnuled b) O.OlbbJ.)/ g. per 
ml. gives 02.77 ml. 


Procedure. (See Noth 1 of thi,s section and Non; 2, p. 1072).— .Acidify the com- 
bined hltraies obtained in the detenniuation of the ammoiiitun hydroxitie group 
(p. 1056) and, if necessary, evaporate to a volume of aliout 200 ml, .Add 5 ml. of 
HCl, a few drops of methyl red indicator, and 30 ml. of warm ammoniimi oxahite 
solution (;50 g. per 1.). Heat the solution to 70“ to HO'C.. and :uld NH,OM (1:1 ( 
dropwise. while stirring, until the color changes from red to yellow. .Allow the 
solution to stand without further heating for 1 hour (no longer), with occasional 
stirring during the first 30 minutes. Filter and wash the precipitate eight to ten 
times with hot water. The total :unount of water used in rinsing the beaker anil 
washing the precipitate shotild not exceed 75 ml. Reserve the fdtrate for the tie- 
termination of .MgO. Carefully open the filter paper anti wash the precipitate 
into the beaker in which the precipitation was ellecteil. Dilute to 201) ml., anti 
add 10 ml. of H.^SO, (1:1). Heat the solution to a temperature ju.st below boil- 
ing, and titrate with the standartl RMnO, solution (Non: 2) to a permanent pink 
color. .Add the filter paper anti maceniie it. Continue the titration slowdy until 
the pink color persist,s for 10 seconds. 


Xorc 1.— If ibcic is a pi).ssibilii\ of there being enough manganese to tause the penent- 
age of MgO, as dctermiueil by the following sectitm, to excectl a spccifictl limit, manganese 
may be eliminated from the filtrate before applying the optional mctlunl for CaO. .\l- 
though the elimination may be matle a.s ditected on p. I05.S, the tement sh.dl nut be ic- 
jeeted for exceeding a limit specified for .MgO tniless the dcteimination of ,MgO is matle 
according to ilie referee method. 


Note 2.— 'I'lie tempeiaune of the standartl KMuO, solution shouUI not \ai\ fioin its 
stamlardi/ation temperature .so mutli as to cau.se a .sciious erior in the ilclermiuatiou of 
CaO. ,\t ordinary room temperatures tlte voluiuc of pure water th.mgcs to tire exlciil 
of 0.01 to 0.01% for each degree Centigrade, tlepeiiding on the lemperattue. 

Blank.-iMake a blank tleiermination, following the same proceilurc ami using 
the same amoimts of reagents (Non: :i), ami correct the resulcs obtained in the 
analysis accordingly. 


Note 3.- When the amount of calcium oxalate is vets .small, its oxtdaliun bv K.MnO, 
IS slow to start. Before the titration, add a little .Mn.SO, to the solution to caiaU/e the 
reaction. ' 


Calculation.-Calculute the percentage of CaO to the nearest 0.1 as follows: 


CaO, % = EV X 200 

where E = CaO equivalent of the KMnOi solution in grams pec millUitcr 
V = milliliters of KMnOi solution rcciuircd by the sample 
200 = 100 divided by the weight of sample used (0.5 g.) 


determination of magnesium oxide, option --VL 

METHOD A (RAPID GRAVIME'I’RIC DETERMIN ATION) 

™o„. .K. Lu. ,0 " 
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NH4OH. Stir the solution vigorously during tlie addition of NH4OH and tlieii 
for 10 to 15 minutes longer. Let the solution stand for at least 8 hours in a cool 
atmosphere and filter. Wash tlie residue five or six times with NH4OH (1:20) 
and ignite in a tared platinum or porcelain crucible, at first slowly until the filter 
paper is charred and then burned off, and finally at 1050® to 1100"C. for 30 to 45 
minutes. Weigh the residue as Mg2P.20.j. 

Blank.— Make a blank determination, following the same procedure and using 
die same amounts of reagents, and correct the results obtained in the analysis ac- 
cordingly. 

Calculation.— Calculate the percentage of MgO to the nearest O.I as follows; 

MgO, % == 11^ X 72.4 

where JV = grams of Mg2P207 

72.4 = molecular ratio of 2MgO to Mg2P2O7(0.3620) divided by the weight of 
sample used (0.5 g.) and multipled by 100 

RAPID METHOD FOR THE DETERMINATION OF CARBONATES 
IN RAW MATERIALS 

Procedure.— Weigh out 0.500 g. of very finely ground sample into a 500-ml. 
Erlenmeycr flask. Add 60 ml. of 0.200 N hydrochloric acid and boil for about 5 
minutes, using a reflux condenser to prevent the loss of acid. Wash the con- 
denser down and cool the flask in a stream of cold water. Add a few drops of 
0.5% phenolphthalcin indicator and titrate with 0.200 N sodium liydroxidc solu- 
tion to tlic first pink coloration which may be momentary. Shake the flask vigor- 
ously during the titration and add the last portion of the alkali dropwisc. Add 
X ml. excess of sodium hydroxide, if the content of magnesium is high and the 
red color fades rapidly, it may be necessary to add the excess alkali in several small 
amounts with boiling between additions until a permanent red color is obtained. 
Sec below in regard 10 the required amount of x. Call the total volume of sodium 
hydroxide s. Transfer the contents of the flask to a 200-ml. test tube, add the 
rinsings, and bring the volume to 100 ml. Heat the mixture to boiling and then 
allow it to stand until the precipitated magnesium hydroxide settles. 1£ the pre- 
cipitate is large, it may be necessary to filter it on a dry filter paper. Draw 50 
ml. of the clear solution with a pipet. Put it in the original flask and titrate with 
the standard hydrochloric acid to tlie disappearance of the red color. Call the 
volume of acid used in this back titration /i. 

On the assumption lliat all the calcium and magnesium in the sample exist as 
carbonates, values are calculated thus: 

Percent MgCOj = I.68(jc - 2A) 

Per cent CaCOs = 2,0(60 + 2A - j) 

This assumption is generally applicable to high-grade limestones. iTcquently 
raw materials used in cement manufacture contain insoluble compounds of cal- 
cium ami magnesium and sometimes other interfering substances. In order to use 
this method on such material it may be necessary to establish correction factors by 
comparison of results obtained by this mcUiod and actual values in a scries of 
rcferetice samples of known composition. 

If the content of magnesia is much lower tlian specification limits, die dc- 
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nminatioii may be omitted. It i.s imponaiu that tlic Utrutian willi sodium liy* 
roxide from which the equivalent calcium carbonate is calculated lie stoppetl at 
:\e first pink coloration. When magnesium carbonate is determined, its content 
ecides the amount of e.vccss sodium hydroxide (.v) to be used. It should be such 
s to make (h) equal to 0.2 to 0.:') ml. If insulficient sodium hydroxiile is used, 
la^nesium may not be completely precipitated, if too much is usctl, calcium 
lay be partially precipitated with magnesium hydroxide, 

NoTE.—This method lias been in geneial use lot mans \eai.s and. alilinugh it is not 
onsklercd as possessing gieat accuracs, it lias hecn useful for control pin poses. (liist 
lUblislied in Cement and Engineering News. .March 1903 . p. 3 .").) 


ANALYSIS OF RA^V MATERIALS 


Raw materials used in the manufacture of portland cement range from high 
alcium limestones through argillaceotis limestones to clays and shales. .Slags, vari- 
lus metamorphic, and even igneous rocks are sometimes used. .Supplementary 
uaterials include iron ore.s, (piart/ite and kaolin, (iypsum is inlergroiuul with 
linker to produce the finished product. 

Decoml)osition of Siunl)lc.—.\ satisfactory method of decomposing a cement raw 
uaterial is to sinter the material at a temperature ol .about IdDO'L. 

In order to make a .suitable sinter it is necessary to have a CaO/.SifX *r ALO;, -p 
(lime ratio) of aliout two or greater. In the event the lime ratio is much 
ess than two, the mixture is lialiie to fuse and snch a fusion is very difficult to 
remove from the crucible and dissolves slowly. To overcome this difficulty sulfi- 
dent chemically pure calcium carhouate is added to produce a lime ratio of two 
ar more. The exact weight of added calcium c.irboiiate is necessary only when a 
determination of calcium is reejuired. ^V'i^h some of the silicate rocks it may he 
necessary to reduce the sample weight to about (1.2 g, and add 0,8 to 1,0 g. of 
diemically pure calcium carbonate. 

The accuracy of the method will be increased by the use of blank determina- 
tions. Where calcium carbonate is added, an equal amount is also used in the 
blank. 


It is convenient to make a sinter in a idatinum crucible at a final temperature 
of about loGO'C. It is important to note that the temperature should lie started 
at about 8r)0°C. and increased slowly to fir>0‘C:. (.=> minutes), then rapidlv to about 
1300°C. to complete the sinter. The carbonates contained in the mixtures re- 
lease carlion dioxide within the above tcnqjerature range. If the increase in tem- 
perature is too rapid, mechanical loss of sample may result. 

The classic method which uses .sodium cariioiiate for the decomjjosition of sili- 
cate rocks is time (onsuming and dilficult. If accurate determinations are re- 
quired. it is necessary to employ donhle evaporations and precipitation.s in order 
to avoid comaminaiion liy the large amount of sodium used in the de< omposition. 

iiolutiou of Saml,le.-A sinter, if projierly made, is easily removed from tile 
cuicible, and any material that adheres to the crucible may be removed with i 

anaktTi '«■•«>' ‘»H‘n he dissolved in acid aiu’l 

Sol rn^ ; ■ ‘"r =“«”H>nium chloride 

mcttiod foi deternunation of SiO. is used, transfer the sinter to a c,().,„i 

con au„„g „ 0.5 g. NH.Cl and cover with a watch glass. Measure 5 ml of 

‘ If nece.ssary to dissolve remnants of sinter from the crucible. Durin-- Uiis 
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period cautiously add about 2 ml. of the acid to the beaker containing the sinter 
and allow to stand until chemical action has subsided. Transfer the acid and dis- 
solved material from the crucible to the beaker. Rinse the crucible with the re- 
maining acid, using about 1-ml, portions. The total acid used should be 5 ml. 
Add two drops of HNO3, stir the mixture, and break up any lumps with a glass 
rod until tlie sinter is decomposed. 

Determination of Substances Present.— Analyze the solution obtained above by 
the methods described, starting with Section 33 of ASTM Cl 14-58 (optional meth- 
ods described above) except for iron determination. Iron may be determined by 
fusing lLO_, precipitate with K^S,©,, cooling, and dissolving the fused mass and 
titrating witli standard K^CroO-. In case greater accuracy is desired, a separate 
sinter containing 0.5 to 1.0 g. of sample and five times its weight of iron-free 
CaCO-j is jirepared. The sinter is then dissolved in hydrochloric acid, the silica 
removed by evaporation, and the ammonium hydroxide group precipitated with 
ammonia. The ammonium hydroxide group is then dissolved in HCl, reduced 
with stannous chloride, and finally titrated with standard potassium dichromaie. 

DETERMINATION OF SODIUM AND POTASSIUM OXIDE 
IN RAW MATERIALS 

Decomposition of S/imp/e.— Weigh from 0.2000 g. to 1.000 g. of sample, depend- 
ing on tile alkali content of the material to be analy7cd. Transfer to a platinum 
dish, add 5 ml. cool water. Stir the mixture with a platinum rod, add 5 ml. HNO3 
(1:1), and continue the stirring until chemical action subsides. Add 5 ml. HCIO4 
and 12.5 ml. HF and mix thoroughly with the rod (Note 1). Remove the rod 
and rinse witii water. Evaporate the solution to dryness or fumes of HCIO4 
(Note 2). Cool the disli, wash down sides witli water and repeat the evaporation. 
Drive olF excess HCIO^ by increasing the temperature, but maintaining a tempera- 
ture less than red heat. Cover the dish with a watch glass of heat-resistant glass, 
and convert the perchlorates to chlorides by using stronger heat but still avoiding 
red heat. Tlie residue fuses to a brown mass and may glow from an exothermic 
reaction. After the icaction is complete, continue tlie heating for 1 to 2 minutes 
below ted be'it. Goo\ tbe d\il\ wwd wakE dve wAteb into a 

beaker. Add a little water to the dish, let the residue stand a few minutes to 
soften, and grind it with a glass rod or pestle to a smooth paste. Wash the con- 
tents into the beaker and dilute to 40 to 50 ml. The alkalies may then be ex- 
tracted by leaching residue with hot water, and filter with the aid of suction. 

From this point the alkalies may be determined gravimctrically by citlicr ASTM 
Cl 14-58, Sections 21 and 22, Sections 45, 46, 01 by flame photometer, ASTM 
C114-58T, Sections 15 through 18, p. 1063. 

Notl 1. ItM/tiV/NG.— If the malciial is known to contain, or suspected of containing, 
organic matter, deslioy by spicatling the sample in a tliin layer in the platiiuim disli 
and igniting at GOO® to 700®C for approximately 10 tnimilcs. 

Noit 2.— The csapoialion must be done cjiclully as the contents have a tendency to 
spatter if iJic heat is too gicai, Iniiaicd icMcclor lamps, piopeily adjusted, may be usci 
successfully. 
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CHEMICAL ANALYSIS IN CLINICAL 
MEDICINE 

By A. Wendell Musser and Ralph B. Lingeman 

Clinical Laboratories 
Indiana University Medical Center 
Indianapolis, Ind. 


Introduction.— Many investigators have need of standard clinical laboratory 
methods for analysis of body materials, such as blood, urine, spinal fluid, and 
feces. The medical literature, as well as the chemical literature, contains infor- 
mation concerning multiple procedures and modifications of standard procedures. 
In this chapter we will present a few of the simple standard procedures that may 
be performed in the usual clinical laboratory. No attempt has been made to be 
completely inclusive. Certain procedures and modifications have been omitted for 
the sake of brevity. 

The procedures are arranged in rough alphabetical order, according to the 
major constituent sought. Most of the procedures listed have been used in the 
clinical laboratory of Indiana University Medical Center for the diagnosis and 
treatment of patients; however, a few have been obtained by careful search of the 
literature. We have attempted to choose the simplest and most accurate method 
applicable to the routine clinical laboratory. 


AMINO ACIDS 

(Whole Blood, Serum, Plasma, or Urine) 

Reagents. Sodium /3-Naphthoquinone-4-Sulfonate, 0.5%.— Dissolve 500 mg. in 
100 ml. of water, add approximately 2 g. of activated charcoal and filter. This 
should be a pale yellow. 

Acetic Acid-Acetate Bufter.-Mix 100 ml. of 50% acetic acid (50 ml. of glacial 
acetic acid plus 50 ml. of distilled water) with 100 ml. of 5% sodium acetate (5 g of 
the trihydrate to 100 ml. with distilled water). ' 

Standard (10 mg. per 100 ml. Amino Acid N).-Make up 187.8 mg. of proline 
and 112.8 mg. of glycine to 1 liter with 0.1 Af HCl, containing 2 g. of benzoic 

RCld.. 

Tungstic Acid-Equal volumes of 0.16 IV H^SO, and 2.2% sodium tungstate 

are mixed on the day of the test. 

Procedure. Whole Blood, Plasma, and Serum.-Wash 0.05 ml. of whole blood 
plasma, or serum into 0.2 ml. of Add 1.0 ml. of tungstic acid. Mirand 
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centrifuge at 2000 r.p.m. To a 1-ml. aliquot, in a tube with a mark at 2 ml., add 
one small drop of 0.1% phenolpluhalein solution followed by 0.05 ml. of 0.5 N 
NaOH, The solution should be a definite pink. If necessary, add additional NaOH 
dropwise until pink. Now add 0.25 ml. of 2% borax solution. Mix. The pH 
should be approximately 9.3. Now add O.I ml. of the sodium /3-naphthoquinone-4- 
sulfonate solution. Mix well, heat 10 minutes at I00®C. Cool to room tempera- 
ture. Add 0.25 ml. of acetic acid-acetate buffer followed by 0.25 ml. of 4% sodium 
thiosulfate solution. Make up to 2 ml. (pH of final solution 4-5). Read the 
color at 480 m^i in the Beckman spectropliotomcter, at 470 m/x in the Coleman 
spectrophotometer, or with the 47 filter for the Klett Sumraerson colorimeter. 

The blank comprises a 1-ml. aliquot taken from a mix of 0.2 ml. of water and 
I ml. of tungstic acid, treated as tlie unknown aliquot; 0.05 ml. of the 10 mg. per 
100 ml. amino acid nitrogen standard is used for the standard, and treated as for 
the unknown, adding to 0.2 ml. of water, 1 ml. of tungstic acid, etc. 

Calculation.— 


Absorbance of unknown 
Absorbance of standard 


X 10 = mg. amino acid N per lOO ml. 


Note.— Sodium ^-naphthoquinone-4-sulfonate will slowly decompose even in the dry 
state. Thus, the reagent may appear pink when made np. Filtering v\ith charcoal re- 
moves the red color. The reagent is then stable in the rclrigerator for weeks. The colors 
of the reaction will tend to fade after onc-haU hour and should be read before that lime. 

Urine.— For urine add 9 ml. of tungstic acid to 1 ml. of urine, ^fix, filter or 
centrifuge and evaporate a portion of the filtrate to one-half its volume. This is 
done to hydrolyze the amides which arc present in urine. Take a 0.5-ml. aliquot 
and dilute to 1 ml. with water. Proceed as for the blood aliquot. One milliliter 
of water is used as the blank aliquot: for the standard dilute 0.1 ml. to 1 ml. and 
proceed as for die blood aliquot. Calculations are die same as for blood. Certain 
therapeutic agents, such as the sulfa drugs, containing an amino group attached 
to a benzene ring will tend to interfere in this test. 

Notf— Normal amino acid nitiogen values are of llie older of 46 mg. per 100 ml. for 
plasma, 5.5 mg. per 100 ml. for whole blood, and 2 mg. per 100 ml. for spinal fluid; 24- 
hour urine samples contain approximaiely 100 mg. of free amino acids. 


AMMONIA 

(Serum or Plasma) 

Reagents. Indicating Boric Add.— Add 10 g. of boric acid to 100 ml. of water. 
Add 1 ml. of 0.1% mediyl red (100 mg. to 100 ml. in ethanol) and 8 ml. of 0.1% 
bromcresol green (100 mg. to 100 ml. in ethanol). Dilute to 1000 ml. and shake 
until dissolved. 

Ammonium Standard (1 ^g. N per 100 ml.).— Dissolve 236 mg. of (NH 4 ) 2 S 04 
(dried in a desiccator) and make up to 500 ml. with water. This solution con- 
tains 100 ^^g. N per ml. Take 1 ml. of this solution and make up to 100 ml. to 
make the 1 Mg. N per ml. solution. 

Procedure.— Into the outer cliamber of a Conway diffusion dish is placed 1 ro - 
of serum, or whole blood, in one pool. One milliliter of indicating boric acid is 
placed in die central compartment. -Lifting die cover, 1 ml. of 45% potassium 
carbonate solution is placed in the outer chamber on die opposite side of the di i 
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from ihe pool of serum or blood. The cover is replaced, and the potassium car- 
bonate solution is mixed with the serum by rotating the dish on a flat surface 
Diffusion is allowed to take place for 20 minutes. The cover is removed. A small 
stirring bar is placed in the center compartment, and the dish is placed 
netic stirrer. The solution is titrated rapidly with an ultramicro buret with 0.001 N 

HCl solution. . . 

Calculations.-A 0.1-ml. titration (100 divisions) is equivalent to 1.4 i^g. of ni- 
trogen (140 ng. per 100 ml. of ammonia nitrogen or 170 fig. per 100 inl. of am- 
monia, when 1 ml. of serum is taken). A blank using 1 ml. of water instead of 
serum is run, and 1 ml. of a standard (1 fig. N per ml.) is also analyzed. Titration 
of the blank is subtracted from the titration of the unknown and standard before 
calculation. 

Titration of unknown . . . . T.r 

. X 100 = fig. ammonia N per 100 ml. 

Titration of standard 


Micrograms ammonia N per 100 ml. X — = Mg- ammonia per 100 ml. 

Note.— In the procedure the serum or plasma is made alkaline, the ammonia is allowed 
to diffuse into the acid and estimated as above. Since 93% of the NH3 will diffuse in 20 
minutes, this time is used to avoid hydrolysis of ammonia-containing compounds with 
liberation of free ammonia. Some recommend a diffusion time of only 10 minutes. Twenty 
minutes is chosen because studies show this to be an optimum time to get over the maxi- 
mum amount of ammonia with the minimum amount of hydrolysis. Titration must be 
rapid to obtain a sharp end point. COo from the air will interfere in the titration if done 
slowly. It is recommended that a hole 1 cm. in diameter be drilled in the cover and that 
this be covered with a coverslip during diffusion. The coverslip only is removed when 
titrating. The stirrer is a length of paper clip wire (2 cm.) encased in a close fitting melt- 
ing-point tube sealed at both ends. A length of polyethylene tubing instead of the glass 
is also satisfactory. 

Note.— N ormal blood ammonia nitrogen values range from 50 to 70 ^g. per 100 ml. by 
this method. For cerebrospinal fluid the values range from 0 to 15 fig. per 100 ml. of 
ammonia nitrogen. 


AMYLASE (DIASTASE) 


(Serum, Urine, and Duodenal Contents) 

Reagefits. Starch Solution.— Weigh 1.5 g. of soluble starch into a small beaker. 
.A.dd about 20 ml. of distilled water and prepare a paste. Add 50 ml. of distilled 
water to a small beaker, bring to boil and slowly add the starch paste with constant 
stirring. This should result in a clear solution; if not, discard and repeat the 
procedure. Cool and place in a 100-ml. graduate. Adjust volume to 70.0 ml. with 
distilled water. Add 30 ml. of 0.066 M phosphate buffer at a pH of 6.8. Final 
vo ume equals 100 ml. Autoclave for exactly 15 minutes at a pressure of 10 
pounds. Use vaccine bottle with rubber stopper. {Caution: Insert 20-gauge 
neec le in stopper when autoclaving. Take pressure up slowly and after the auto- 
claving period, release pressure slowly.) 

Sodium Chloride, Acid l%.-To a liter volumetric flask add 10 g. of sodium 
distUled\mf^^ ^ ^ 


Procedure. Serum Amylase.— Label three clean 15.0-ml. centrifuge tubes as fol- 
lows: number 1 (test); number 2 (starch control); and number 3 (serum control). 
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When doing more than one determination only one starch control tube need be 
prepaied. To each of the tubes, add the following reagents in the order pre- 
scribed (see tabulation below). Remove sufficient starch solution for all the tubes 
from the sterile vaccine bottle using a sterile needle and syringe. Place the starch 
in a tube and then pipet the exact amount to each centrifuge tube. 


Tube Number 1 

1. 5 ml. starch 

2. 2 ml. acid chloride 

3. Incubate in water bath 
at 37°C. for 5 minutes 

4. 1 ml serum 

5. Incubate in water bath 
at 37 °C. for 30 minutes 

6. 1 ml. CuS04, 5% 

7. 1 ml. Na2W04, 10% 


Tube Number 2 
5 ml. starch 
2 ml. acid chloride 
Incubate in water bath 
at 37“G. for 5 minutes 
1 ml. distilled water 
Incubate in water bath 
at for 30 minutes 

1 ml. CuS04, 5% 

1 ml. Na2W04, 10% 


Tube Number 3 
5 ml. distilled water 
2 ml, acid chloride 
Incubate in water bath 
at 37‘’C. for 5 minutes 
1 ml. serum (Control) 
Incubate in water bath 
at 37‘’C. for 30 minutes 
1 ml. CuS04, 5% 

1 ml. Na2W04, 10% 


Stopper and mix thoroughly. Centrifuge for about 10 minutes at high speed 
(approximately 2000 r.p.m.). Disregard turbidity in tube number 2 after centri- 
fuging. Determine reducing substance content of each supetnatant fluid by the 
Somogyi-Nelson method for blood glucose, p. 1094. with the following exception: 
use only 1 ml. of the supernatant fluid plus I ml. of distilled water to give a total 
volume of 2 ml. If turbidity exists after the final color development in the Somogyi- 
Nelson glucose method, centrifuge before reading in the spectiophoiometer. 

Calculations.— Subtract total value in mg.% (milligrams per 100 ml.) of tubes 
number 2 and number 3 from tube number 1. This figure represents units of 
amylase, and can be reported as mg.% reducing substance or as units. Starcli 
control should show minimal reducing substance, approximately 60 mg.% or less. 

Urinary Amylase Method.— Test urine for glucose using Clinitest (Ames Labora- 
tories). Adjust the pH of an aliquot of urine (25 to 50 ml.) to 6.8 to 7.2 by adding 
20% sodium carbonate to alkalinizc or 10% potassium acid phosphate to acidify (use 
nitrazine paper as an indicator). If Clinitest is 2 plus or above, make a 1 to 2 dilu- 
tion using normal saline. (Be sure to include this iji the calculation.) Set up starch 
incubation and proceed as for serum amylase. Calculations are made as for serum 
method. 

Duodenal Contents.— A 1:50 and 1:1000 dilution of the duodenal material is 
made as follows: (u) 1 ml. of duodenal contents is made up to 50 ml. by adding 
10 ml. of buffer pH 7.2 and distilled water; (6) add 0.5 ml. of the 1:50 diluted 
sample to 9.5 ml. buffer to give a 1:1000 dilution. Proceed as for the serum 
amylase determination. 

Note.— N ormal values: CO to 150 mg. reducing substance per 100 ml. of serum. This 
method of amylase dele\mination is based on a modification of Sontogyi’s method of serum 
amylase deteiminaiion. The detection of the amount of reducing substances released In 
the acdon of the amylase on the starch is by the use of the Somogyi-Nelson method of blood 
sugar determination 


ASCORBIC ACID 
(Whole Blood) 

Reagents. Indophenol Reagent.— Add approximately 10 mg. of 2,6-dichloro- 
phenol-indophenol (sodium salt) to 100 ml. of distilled water. This need not be 
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weighed. After weighing one sample, subsequent samples may be roughly esti- 
mated on a knife tip. Make up fresh before using. e 

Ascorbic Acid Standard (100 mg. per 100 ml.).-One hundred milligrams of 
ascorbic acid plus 1 ml. of glacial acetic acid is diluted to 100 ml. with water. Make 

up fresh twice a week. Keep in refrigerator. 

Ascorbic Acid (1 mg. per 100 ml.).-Wash 0.01 ml. of the 100 mg. per 100 ml. 
standard into 1 ml. of water. Make up just before use. 

Procediire.-Ucmolyze 1 ml. of oxalated blood with 1 ml. of distilled water. 
Add 2 ml. of 10% trichloracetic acid, and centiifuge for 10 minutes. Take a 
3-ml. aliquot and titrate with indophenol reagent contained in a 2-ml. buret until 
the pink color persists for a short duration. The standard is made up of 1 ml. 
of ascorbic acid standard (1 mg. per 100 ml.) and 2 ml. of 10% trichloracetic acid. 
This is titrated in the same manner as the unknown. A blank consisting of 1 ml. 
of water and 2 ml. of 10% trichloracetic acid is titrated. 

Calculation.— 


Titration of unk nown — blank titration 
Titration of standard — blank titration 


X 1.33 = mg. ascorbic acid/100 ml. 


Notes.— Dilute the indophenol reagent until an approximately 1-ml. titration is obtained 
with the standard. The indophenol solution is blue and turns pink as it mixes with the 
acid. The dichlorophenol-indophenol is bleached by the ascorbic acid (vitamin C) . At 
the end point, a pale pink which persists for at least 30 seconds, is noted. The color 
will eventually fade due to air oxidation. 

Normal blood plasma or serum contains from 0.8 to 1.5 mg. of ascorbic acid per 100 ml. 
Normally, red cells contain from 0.8 to 1 mg. per 100 ml. of packed cells. White cells 
and platelets have been shown to have levels as high as 25 mg. per 100 ml. 


BICARBONATE LEVEL OF DUODENAL SECRETIONS 


The specimen is obtained by the physician after a tube has been placed into the 
duodenum. An alkaline specimen tells tlie physician that the tube is in the 
duodenum and not the stomach w'hich contains acid materials. The specimen 
does not need to be placed under an oil seal. The determination should be per- 
formed as soon as it is received in the laboratory. 

Procedure.-Place 1 ml. of distilled water in the cup of the Van Slyke Apparatus. 
Deliver 1 ml. of the duodenal secretions below the water with a pipet which is 
not graduated to the tip. Add one drop of caprylic alcohol. Proceed with the 
determination following the steps enumerated in the procedure for carbon dioxide 
using the Manometric Van Slyke Apparatus (p. 1085). 


Notes. Normal values: 60 to 75 milliequivalents per liter. 

The bicarbonate level in duodenal secretion is determined by the aonlicatinn of 
law of gases to the method of \'an Slyke for determining CO, levels of nlasma Mi f 
equivalents per liter of CO., are equal to milliequivalents ner liter of ihl P'asina. Milli- 
in the duodenal secretion «v 4 iiwiients per iitei ot the bicarbonate ion 




(Serum) 

Kengenfs. Sulfanilic Acid Solution, 0.1%, Reagent Grade-Dissolve 1 p- nf 
sulfainhc acid, reagent grade, in 15 ml. of concentrated MCI , -.n , ] S- of 

and dilute lo 1000 ml. i„ a liter flask with distilled wate” * 
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Sodium Nitrite Solution, 0.5%, Reagent Grade.— Prepare fresh daily by dissolv- 
ing 0.5 g. of sodium nitrile, reagent grade, in 100 ml. of distilled water in a 
100-ml. volumetric flask. 

Diazo Reagent.— Prepare fresli just befoic using by adding 0.3 ml. of 0.5% 
sodium nitrite to 10 ml. of 0.1% sulfanilic acid solution. 

Procedure. Direct Reacting Rilinibin.— Place 1 ml. of serum in a large test 
tube. Add 9 ml. of distilled water. To each of two cuvets, 19 by 105 mm., add 

4 ml. of diluted serum. To one cuvet (blank) add 1 ml. of 1.5% HCI. Mix by 
inversion. To the other cuvet add 1 ml. of fresh diazo reagent. Mix by inversion. 
After exactly 1 minute read the per cent transmittance at 535 m;* against the ref- 
erence blank which has been set at 100% T (transmittance). Obtain results from 
calibration curve. 

Total Bilirubin (Direct Plus Indirect Reacting Bilirubin).— To the tubes pre- 
viously used for direct reacting bilirubin determinations, proceed as follows: To 
all tubes add 5.0 ml. of absolute methanol; stopper and invert a few times; after 
30 minutes read the per cent transmittance at 535 m^t against the blank which 
has been set at 100% T. Obtain results from the calibration curve. 

Calculations.— The difference between tlie total bilirubin and the direct react- 
ing bilirubin is the indirect bilirubin. 

Calibration Curve.— Accurately weigh 20 mg. of dry bilirubin standard (phans- 
thiel) and dilute to 100 ml. with cliloroform. This is a 20 mg.% stock stand- 
ard. Store in tlic refrigenuor. Take I ml. of the 20 mg.% stock standard and 
dilute to 100 ml. with absolute mctliaiiol. This represents a 0.2 mg.% working 
standard. Into each of four 19- by I05-mm. cuvets add 1 ml. diazo reagent. 
Into cuvet number 1 add 3 ml. of distilled water, 1 ml. of working standard, 

5 ml. of absolute methanol, and allow to stand 30 minutes. This represents 
0.5 mg.% bilirubin. Into cuvet number 2 add 2 ml. of distilled water, 2 ml. 
working standard, and 5 ml. absolute methanol. Read after 30 minutes at 535 
against a distilled water blank. This represents 1 mg.% bilirubin. Into cuvet 
number 3 add 1 ml. of distilled watei, 3 ml. of working standard, and 5 ml. of 
absolute methanol. Read after 30 minutes at 535 m^ against a distilled water 
blank. This represents V.5 mg.% bilirubin. Into cuvet number *1 add 4 ml. of 
working standard and 5 ml. of absolute methanol and read after 30 minutes at 
535 mpt against a distilled water blank. This represents 2 mg.% bilirubin. Plot 
results on semilog paper. 

Note.— Normal values: Dnect Reacting Bilirubin 0 to 0.2 mg. per 100 ml. bilirubin. 
Total bilirubin 0.2 to 0.8 iiig.% bilirubin. 


BROMIDE 
(Serum or Spinal Fluid) 

Reagents. Stock Sodium Bromide Standard (1 ml. = 10 mg.).— Dissolve 1 g. of 
C.P. sodium bromide in a 100-mI. volumetric flask with distilled water. 

Dilute Sodium Bromide Standard (I ml. = 0.5 mg.).— Place 10 ml. of stock stand- 
ard in a 200-ml. volumetric flask and dilute to volume with a 10% trichloracetic 
acid-0.6% sodium chloride mixture. 

Procedure. Serum.— Place 18 ml. of 10% trichloracetic acid in a large test tube 
and while shaking add 2 ml. of serum dropwise. Let stand 20 minutes and filter 
through Whatman No. 44 filter paper. Pipet 10 ml. of the filtrate into a cuvet. 
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Prepare a blank by placing 10 ml. of 10% trichloracetic acid in ^ 

1 ml of 0 5% gold chloride solution to each tube and mix. Read in the spect 
Lotolter atl wavelength of 520, setting the blank at 100% T. 

^ Spinal Fluid.-Make a 1:5 filtrate by adding 3 ml. of spinal fluid "a . 

lo/ trichloracetic acid. Proceed as described for serum bromide. Divide the 
value obtained by 2 to correct for the different dilution. ^ ^ 

Calibration Curve.-Pipet the following amounts of the dilute standard sodmm 
broml“tiL (1 mA 0.6 mg.) and 10% irichloracedc acid-0.6% sodium 
chloride mixture into 9 spectrophotometer tubes. 


ML of DU. 

Ml. of 10% 

Mg. % of 

Standard 

Trichloracetic Acid 

Sodium 

Soln. 

NaCl Mixture 

Bromide 

1 

9 

50 

2 

8 

100 

a 

7 

150 

4 

6 

200 

5 

5 

250 

6 

4 

300 

7 

3 

350 

8 

2 

400 

0 

10 

Blank 


Add 1 ml. of 0.5% gold chloride solution to each tube and read as described 
in the above metliod. Repeat several times, average results, and plot on semilog 
paper. 

Notes.— N ormal value: less than 30 mg. per 100 ml. 

The therapeutic concentration is considered about 200 mg. per 100 ml. Toxic values are 
usually above 250 mg. per 100 ml. The ratio o£ blood bromide to spinal fluid bromide is 
about 3 to 1. 

This test is based on the reaction between sodium bromide and gold chloride tvhich 
yields gold bromide and produces a brown to brownish-red color. The specificity of the 
reaction has been questioned and some point out that chemically unrelated compounds, 
as well as the other halogens, may react to produce the color change. The test is suffi- 
ciently accurate for use as a diagnostic measure, but may be inadequate as an index to the 
progress of any given case. 


CALCIUM 

(Serum, Cerebrospinal Fluid, Urine, Feces) 

Reagents. Standard Calcium Chloride Solution.— Dissolve 0.2498 g. of pure 
calcite in a little dilute HCl in a wide evaporating dish of 50- to 100-ml. capacity, 
care being taken to avoid loss by spattering. Run the acid down the side of the 
•dish, allowing the reaction to proceed slowly. Carefully evaporate the solution 
several times to near dryness, each time adding distilled water, and last evaporate 
to near dryness, expelling the last trace of HCl. Dissolve the residue in distilled 
water and dilute to 1 liter. One cubic centimeter of this solution equals 0 1 me 
calcium. This standard keeps indefinitely. ' ^ • 8- 

Procedure Serum and Cerebrospinal Fluid.-In a special acid-free centrifu-e 
tube, place 2 ml. serum or cerebrospinal fluid, 2 ml. distilled water, and 1 ml of 
4 /o ammonium, o.xalate solution. (Set up in -duplicate.) If 4 ml of serum or 
cerebrospinal fluid are not available, test may beSet up on 1 ml.' serum TmT 
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dUtilled \saier. and 1 mi. of 4% ammonium oxalate. Mix by rotation, h j 
similar tube to be used for ilic standard, place 2 ml. of calcium chloride standard. 
2 ml of distilled water, and 1 ml. of 4% ammonium oxalate solution. Set up 
in duplicate and mix by rotation. Let stand one-half hour in a refrigerator or 
oseniight at room temperature. Centrifuge (1500 to 1800 r.p.m.) for 10 mmutev 
Invcn the tubes and drain of! tlie supernatant fluid. Mix packed precipitate b) 
tapping tube. Add slowly 3 to ■! ml. of 2% ammonium h>droxide solution. Mix 
iliorougidy by rotation DO NOT invert. Centrifuge 7 minutes at 1500 to m 
r.pm. Decant, mix precipitate, and wash once more with 2% ammonium h)drox- 
ide solution. After the second ivasliing, decant, mix precipitate, and add 2 ml 
of 1 A' H.,SO^. Boil 1 minute to dissolve precipitate and transfer to 75'C. water 
bath and rilrale immediately. Tiuaie with 0.01 N potassium permaiigaiiau solu- 
tion to a faint pink. Titrate the two standard lubes first, ^^aximum allowable 
\ ariaiion in duplicate tubes is 0.06 ml. 

Calculations.— 


Ml, KMnO^ used in titration (patient) ^ 
Ml. KMnOi used in titration (standard) 


10 = rag. per 100 ml. of calcium. 


Feces.— Ignite die complete specimen in a covered casserole or other container, 
Heat until the sample is compleielv reduced to a fluffy white or gray ash. Wka 
die ashing process is completed, cool and carefully add the minimum amount of 
concentrated hydrochloric acid required to dissolve the ash. Keep die dish w 
nearly covered as possible while dissolving the ash to avoid loss by spaitcring 
\Vidiout filtering, transfer the entire solution to a 100-ml. volumetric flask and 
dilute to the mark with distilled water. (If patient is on a normal calcium inialfi 
diet, use a 0.5-ml. aliquot.) Proceed as for die serum deiennination using a 1 ml. 
aliquot. 

Calculations.— M'c are dealing wiUi a quattiity of calcium expressed in 
units rather than in coticenOation units, and this must be taken into aaouiii in 
die calculations. By definition, any concentration unit is converted into a mas 
unit when multiplied by the volurac uVen. Thus it the standard solution cautaiiiw 
0. 1 nig. per ml. and we took 2 ml., we actually had 0.2 mg, of calcium. So for sttx) 
use the following equation; 


Mg. Ca/24 hours 


yol. RMn 04 test 
vol. KMnO« sid. 


X cone. std. X vol. std. X 


100 

aliquot 


where die concentration of the standard is in mg.%. die volumes are in mill* 
liters, and the last factor corrects for the aliquot of die 100-ml. solution of sioo 
ash. 

Urines.— Measure the total urine volume, including any precipitate wludi may 
be present. Thoroughly mix the specimen and adjust its reaction jnU t*’ 
acid side of litmus by drupunse addition of concentrated liydrocliloric 
inoniuiii iiydroxide, depending on the original reaction. If diis is properly 
the mtijor part of any sediment will rapidly dissolve. , ..-jjl 

T<‘kc a 1-ml. aliquot of the mixed sample and place it in 50-mI. I - 
n.isk along vvndi 0.5 ml. of concentrated nitric acid. Add a few glass beads. B 
beads should be avoided as tliey interfere with centrifugal packing of d*e P 
tated calcium oxalate. Slowly bring to boiling and continue to drive o 
mud the volume in the flask is almost dry. Cool the flask slightly and 



CHEMICAL ANALYSIS IN CLINICAL MEDICINE 1085 

slowly, down ihc side, .bout 1 ml. of 30% hydrogen peroxide (Superoxol or simi- 
lar quality). When die vigorous reaction has ceased, continue heating t 
to dryness. (Avoid undue baking of the residue; just remove obvious liquid.) The 
sanul will appear to ignite spontaneously just before reaching the proper state 
of dryness. This is normal behavior. .Allow the flask to cool and take up the 
residue in about 3 ml. of distilled water. If the solution is colored by oxides of 
nitrogen, repeat the treatment with hydrogen peroxide and again take to dryness. 
Finally dissolve the residue in a small amount of distilled water. Without 
in<r, transfer the contents of the flask to a 15-ml. centrifuge tube; rinse the flask 
witli 2 ml. of water and add this to the tube also. Total volume will be 5 ml. 
Proceed as with serum determination. 

Calculations.— For urines use the following equation: 


Mg. Ca/24 hours = 


vol. KMnOt test . j w i j v 

^ X cone. std. X vol. std. X 

vol. KMn 04 std. 


total vol. 
aliquot taken 


where total volume refers to die urine sample and the aliquot refers to the 1 ml. 
originally taken for analysis. The other symbols have die same signiflcance as in 
the calculations above for fecal calcium. 


.\urt-s.— noth urine and feces contain iron and magnesium iv'hich also give insoluble 
oxalatc*s. Careful attention to reaction of the solution will avoid coprecipitation of these 
ions. 'File presence of organic material which easily reduces permanganate makes 
nccessarv the preireatment outlined. Use uiiscratched centrifuge tubes, acid-washed. 
Normal values; 9 to 11.5 rag. per 100 ml. (serum); 0.1 to 0.3 g. per 24 hr. (urine). 


CARBON DIOXIDE CONTENT 

(Serum and Plasma by the Van Slyke-Neill Manonietric Apparatus) 
Procedure.— Preceding each analysis, the apparatus is cleaned by introducing 10 
ml. of lactic acid solution and 10 ml. of distilled water, shaking for 15 or 20 sec- 
onds in the evacuated chamber, and ejecting the extracted gas and solution. The 
chamber is rinsed once with water, ejecting a few drops of mercury following the 
water. Remove excess water from the cup with an aspirator or medicine dropper 
and fdl the stopcock channel with mercury by opening the stopcock, raising bulb 
to the upper level, and closing the stopcock. 

Place three drops of caprylic alcohol in the cup and admit enough to fill the 
stopcock channel (leveling bulb should be in lower position). Add 3.0 ml. of 0.1 jV 
lactic acid to the cup. .-\dd exactly 1 ml. of serum or plasma to the cup holding 
the pipet tip close to the bottom so that the serum is layered beneath the lactic 
acid. The serum and 2.5 ml. of dte lactic acid are admitted into the reaction 
chamber (I ml. of the lactic acid and some caprylic alcohol are left in the cup). 
Adtl mercury to the cup, and admit enough to seal the stopcock channel. Lower 
the leveling bidb below the lower support and draw the mercury meniscus to the 
;)0-ml. mark just below the reaction chamber. Close the stopcock leadino- to the 
bulb and shake for 3 minutes. Open the stopcock leading to the bulb and rap- 
>hly raise the solution meniscus to the 2-ml. mark just above the reaction cham- 
i)u. t.)uickly read initial g;is pressure {P^) on the manometer. 

Add 2 nil. of 10% NaOH solution to the cup and slowly admit 1 ml. into the 

n rauv tm th- cf‘*'V'"‘ with mercury and reLve excess alkali 

«wrcui> from the cup by aspiration. Raise and lower the bulb three times to 
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ensure complete mixing of the aqueous solution and absorption of CO^ by tlie 
alkali. Bring the solution meniscus to the 2*ml. mark and read Po on the ma* 
nometer. Record U\e temperature of tire water jacket. Expel the solution through 
tlie side arm and clean chamber as noted above. 

Blank.— Use the carbon dioxide content method described above with 3.5 ml. of 
lactic acid. This value represents the amount of carbon dioxide in the reagent. 
The blank is usually 1 mm, to 4 mm. 

Calculations.— Since Pj equals millimeters of the initial gas pressure and P, 
equals millimeters of pressure due to all gases except carbon dioxide, then P^ - 
P„ equals millimeters of caibon dioxide pressure. Subtract the blank from diis 
value and multiply the resulting pressure by the appropriate factor. The factor 
varies with the temperature and the factors for the method described here are 


Table 30-1. Factors for Carbon Dioxee Content Method 


Temperature, °C. 

Factor 

Temperature, °C. 

Factor 

15 

0.1231 

25 

0.1167 

16 

0.1224 

26 

0.1161 

17 

0.1217 

27 

0.1156 

18 

0.1211 

28 

0.1151 

19 

0.1204 

29 

0.1 145 

20 

0.1198 

30 

0.1140 

21 

0.1192 

31 

0.1135 

22 

0.1185 

32 

0.1130 

23 

0.1179 

33 

0.1125 

24 

0.1173 




listed in Table 30*1. A complete list of factors is available in the literature. The 
formula for the calculation is: 

(Pi — Po) — blank X factor = milliequivalents per liter of CO 2 

Notes.— Normal values: 25 to 30 milliequivalents per liter. 

The sample to be analyzed may be handled in two wa)s. Care must be taken in order 
that carbon dioxide does not escape before the performance of the test. The blood, 
therefore, may be either collected under oil or by means of the heparinized vacutainer 
tube. In our experience the racutatner b perfectly adequate and is much easier to handle. 

TOTAL CATECHOLAMINES 

(Urine) 

Reagents. Activated Alumina, Alcoa, grade F-20, 60 to 200 mesh. 

Acetate Buffer.— Add 6 ml. of 10 N sodium hydroxide to 100 ml. of saturated 
sodium acetate solution. 

Ascorbic acid-sodium hydroxide reagent, prepared immediately before use by 
adding 0.5 ml. of ascorbic acid, 2% (wt./voM to 4.5 ml. of sodium hydroxide, 20% 
(wt-Aol.). 
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Stock Standard Noradrenalin.-Dissolve 20.1 mg. of levarterenol bitartrate, USP. 
in 100 ml. of 0.1 N hydrochloric acid; 1 ml. contains 100 /ig. of noradrenalin. inis 
remains stable for at least six months in the refrigerator. , , i • 

^Vorking Noradrenalin Standard.— Dilute 0.5 ml. of stock standard solution to 
50 ml. of distilled water; 0.5 ml. contains 0.5 ng. of noradrenalin. This solution 

should be freshly prepared just before needed. . , n j 

Procechire. Collection of Samples.— Urine specimens are conveniently collected 
in a l-ounce polyethylene bottle containing 0.2 g. of the following preservative 
mixture: 4 g. sodium metabisulfite plus 2 g. sodium fluoride. The urine samples 
are preserved in this way at room temperature for a period up to one week. 
Determination.— To an approximately 20-ml. sample of urine in 125-ml. Erlen- 
meyer flask add 6 N sulfuric acid to pH 2 (pH test paper). Cover the mouth of 
the flask with a small funnel, heat in a boiling water bath for 20 minutes, then 
cool in running tap water. Add 14% sodium carbonate to pH 8.5, using narrow 
range pH paper. Centrifuge. Chromatograph to clear supernatant without delay. 

The chromatographic tube to be used is 8 by 130 mm., and it is sealed to a 
reservoir 25 by 65 mm. Add the alumina, suspended in water, to the tube until 
the column 4 cm. in height is obtained. Wash the column with 5 ml. of 0.2 M 
sodium acetate trihydrate solution, and add 10 ml. of urine. Wash the column 
first with 20 ml. of 0.2 M sodium acetate, and then with 5 ml. of distilled water. 
Elute the catecholamines with 0.2 M acetic acid; collect 20 ml. of eluate. 

Tire fluometric procedure which follows is used for the determination of total 
catecholamines. Transfer 4.0-ml, aliquots of urine eluate to each of three tubes: 
(rt) blank, (5) sample, (c) sample plus standard. To tubes (a) and (6) add 0.5 ml. of 
disiiWetl water and to tube (c) add 0.5 ml. of working noradrenalin standard. Add 
to each tube 1.0 ml. of acetate buffer; resulting pH should be between 6.0 and 6.5 
(narrow range pH paper). Add 0.1 ml. of 0.25% (wt./vol.) potassium ferricyanide 
reagent to each tube and allow to stand 2 minutes. To tube (a) (blank) add 1.0 
ml. of 20% sodium hydroxide (wt./vol.); allow to stand 20 minutes, centrifuge and 
determine fluorescence as described below. To tubes (6) and (c), add 1.0 ml. of 
ascorbic acid-sodium hydroxide reagent, centrifuge and read the fluorescence im- 
mediately in a photofluorometer using Corning filters, 5970 (primary) and 3387 
(secondary). 

Calculation.-Subtract the “blank" fluorescence from the “sample” fluorescence. 
This gives the “corrected sample fluorescence.” Subtract the "sample” fluorescence 
from the fluorescence of the “sample plus standard.” This gives the “standard” 
fluorescence. 


Corrected sample fluorescence 

i ^ 25 

Standard fluorescence 

~ Mg- catecholamines/lOO ml. calculated as noradrenalin 

NoTE.-Nonnal mdiyiduals e.Ncrete less than 200 ^g. of catecholamines per 24 hours. In 
the presence of pheochromocytoma, excretion of catecholamines is markedly increased. 


CHLORIDES 
(Serum, Spinal Fluid, Urine) 

5110 Ntoato S„lu.i„„.-Dissolve 6 g. o£ mercuric nitrate (c.p.) in 

Ttir acU D ufe'rT r " 2-5 ml. of concenSatecl 

St hie t ^ ^ • I ' fl-'isk and mix. The solution is 

table. (Accuiacy in weighing the mercuric nitrate is important.) 
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Indicator Solution.— Dissolve 100 mg. of j-diphenylcarbazone in 100 ml. of 95% 
ethyl alcohol. Store in the refrigerator in a brown bottle. Prepare a fresh solution 
montlily. 

Chloride Standard (100 milliequivalents per liter).— Dry 6 g. of c.p. sodium 
chloride at 110" C. for 1 hour and cool to room temperature in a desiccator. Ac* 
curately weigh 5.845 g. and dissolve in distilled water. Dilute to 1 liter in a volu* 
metric flask and mix. The solution is stable indefinitely. 

Procedure.— To 5 ml. of distilled water in a 50-mI. Erlenmeyer flask, add 0.5 
ml. of serum, urine, or spinal fluid. (For urine, measure the volume of a 24-hour 
specimen.) Add 0.5 ml. of a 100 milliequivalent per liter standard chloride solu- 
tion to 5 ml. of distilled water in a similar flask. To each flask add four drops 
(0.06 ml.) of s-diphenylcarbazone indicator. If, on the addition of the indicator 
to the unknown, a pink color develops, add approximately 1 N nitric acid drop- 
wise (0.02 ml.) until the color just disappears. Avoid adding an excess of nitric acid. 
The j-diphenylcarbazone is colorless at pH 6, faint pink at pH 7, and salmon-pink 
at pH 8. The most desirable pH is 4.5 to 6-6 at the beginning of the titration. 
Titrate the samples by adding mercuric nitrate solution from a 5-ml. buret cali- 
brated in 0,02-ml. divisions. The end-point color is violet-blue. 

Notes.— B lood specimens for chtoiides should be drawn v\iiliout stasis and liemol)sis. 
The SCI urn must be separated prompti) from the cells to prevent cell chlorides from 
entering the serum. (The red cell chloride content is about one-half that of serum.) 
The test should be run as soon as possible after collection. Abnormal amounts of bromine 
present in the specimen will elevate the results of the test since mercuric nitrate does not 
difTeientiate between chloiide and bromide, ft is not necessary to use exactly 5 ml. of 
water as a diluent in step No. 1, but it is preferable to use approximately this amount. 
Too little or too much water makes the end point diflicult to read. 

Calculations.— Serum and spinal fluid (report in milliequivalents per liter): 


.QQ ^ vol. Hg(N03)2 unknown 
vol. Hg(N03)2 standard 


milliequivalents/liter 


Urine (report in grams per 24 hours): 


.QQ ^ vol. Hg(N03)2 unknown 
vol. Hg(N03)2 standard 


X 0.035 X no. liters in spec. = g./24 hours 


Normal values 96 to 105 milliequivalents per liter (serum) 

118 to 130 milliequivalents per liter (spinal fluid) 

0.4 to 0.6 g. per 100 ml., or 6 to 10 g./per 24 hours (urine) 


CHOLESTEROL, FREE AND TOTAL 
(Scrum) 

Reagents. Digitonin Solution.— Dissolve ! g. of digitonin in 50 ml. ethanol. 
Dilute to the mark in a 100-ml. volumetric flask with distilled water. 

Iron Slock Solution.— Dissolve 2.5 g. of FeCls-OH^O in 25 ml. of glacial acetic 
acid. Preserve in the freezing compartment of the refrigerator and thaw when 
needed. No precipitate forms in the thawed solution. 

Color Reagent.- Pipet 1.0 ml. of the stock iron solution into a 100-ml. volumetric 
flask and dilute to the mark with sulfuric acid (c.p.) with continuous swirling. Dis 
t^ird when any precipitate becomes evidenL 
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Cholesterol Stock Standard Solution.-Dissolve 100 mg. of pure cholesterol in 
o-lacial acetic acid and dilute to the mark in a 100-ml. volumetric flask with 

Procedttre.-Place about 10 ml. of a 50:50 alcohol-acetone mixture into a 25-ml. 
volumetric flask. Add 1.0 ml. of serum, to the mixture with vigorous swirling. 
Brino- mixture to a boil in a hot-water bath. Mix constantly while heating to 
avoid bumping. Cool and dilute to the 25-ml. mark with the alcohol-acetone mix- 
ture. Filter through Whatman No. 41-H filter paper, keeping funnel top covered 
to prevent evaporation. Pipet 2.5-ml. aliquots of the filtrate into a 30-ml. test tube 
(for total cholesterol) and into a 15-ml. conical centrifuge tube (for free cholesterol). 
Place both tubes in a hot-water bath. Cautioyi: gradually increase heat for free 
cholesterol. Evaporate the contents of the test tube to dryness and the centrifuge 
tube to 0.5 to 1.0 ml. 

Total Cholesterol.-Add 3 ml. of glacial acetic acid to the test tube containing the 
dry residue. Warm 30 seconds in a water bath until the residue is resuspended. 

Free Cholesterol.-Add 1 ml. of a 1% digitonin solution to the partially evapo- 
rated contents of the centrifuge tube. Mix well by tapping tube. Allow to stand 
for 10 minutes. Centrifuge for 10 minutes at 3500 r.p.m. Decant the supernatant 
fluid and allow the inverted tube to drain for several minutes on absorbent paper. 
Blow 4.0 ml. of acetone into the tube to disperse the precipitate. Mix thoroughly. 
Centrifuge for 10 minutes, decant and drain (as above). Add 3 ml. of glacial acetic 
acid. Warm a few seconds in the water bath, if necessary, to dissolve the precipitate. 

Add 2 ml. of the color reagent to all tubes. Mix thoroughly. Cool for 5 min- 
utes. Read die absorbance in the spectrophotometer at 620 m^t using a 10- by 
75-mm. cuvet. Make readings against a reagent blank consisting of 3 ml, of 
glacial acetic acid and 2 ml, of color reagent. 

All glassware used for this test must be water free. Red blood cells contain 
smaller concentrations of free cholesterol; therefore, hemolyzed specimens are un- 
satisfactory. The serum contains a potent cholesterol esterase enzyme which rapidly 
esterifies free cholesterol when blood is allowed to remain at room temperature. 
If the test cannot be performed soon after the specimen is collected, the serum 
should be separated and frozen. The results may be erroneously high in the pres- 
ence of traces of bromide. This interference can be removed by shaking the serum 
sample for about 5 minutes with 25 to 50 mg. per ml. of solid silver iodate and 
then centrifuging briefly. The clear supernatant serum is then analyzed as outlined. 

Calculations.— 1. Values for total cholesterol (mg. per 100 ml.) are obtained from 
a calibration curve. 

2. Values for free cholesterol (mg.%) are obtained from a calibration curve. 

3. Cholesterol esters (mg.%) = total cholesterol (mg.%)-free cholesterol (mg.%). 

Calibration Curve.-Pipet 0.0, 0.1, 0.2, and 0.3 ml. of the stock cholesterol stand- 
ard solution into a 30-ml. test tube. Add glacial acetic acid to each tube to make 
a final volume of 3 ml. Add 2 ml. of color reagent to each tube, mix thoroughly, 
and allow to cool. Measure the absorbance of each tube at 620 m/i using a 10- by 
75-mm. cuvet. Plot the readings against their corresponding dilutions on graph 
paper. ° ^ 


NoTEs.-Normal values: Total cholesterol-150 to 250 mg. per 100 ml. Cholesterol esters- 
appioxnnately 6a to /5% of total. These are average figures. There may be variations 
individuals over a wide range which may extend from 110 to 350 ms oer 
f cholesterol. Of this, about one-third is present as free cholesterol and the 

Since not only age. but the sex and the diet (high animal fat! 
allect the serum cholesterol level, the establishment of a standard noriiafrare is 
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COPPER 

(Serum and Urine) 

Reagoils. Color Reagents.— Weigh out 100 mg. of bathocupioine. (G. F. 
Smith Chemical Company, Columbus, Ohio; c.p. grade.) Add 0.5 ml. of iron-free 
chlorosulfonic acid and heat over the flame of a microburner for 30 seconds. Cool, 
carefully add 10.0 ml. of contaminate-free distilled water to the container and warm 
in a water bath with stirring to dissolve all solid material. Dilute 3.0 ml. of the 
reagent to 100 ml. with 45% sodium acetate solution, filter off any insoluble ma- 
terial and store in a brown glass-stoppered bottle. The reagent appears to be 
stable for several months stored in brown glass-stoppered bottles. 

Copper Stock Standard.— Weigh out 100 mg. of analytical grade copper shot or 
purified copper powder, dissolve in sulfuric acid solution, and dilute to I liter. 

Cop2>er Working Standaids.— Dilute 0.0, 1.0, 2.0, 3.0, and 4.0 ml. of the copper 
stock standard to 100 ml. with distilled water. These correspohd to concentrations 
of 0 to 400 mg. per 100 ml. 

Procedure,— Pipet 1.0-ml. sample of serum or urine into a clean, dry, glass-stop- 
pered centrifuge tube. Prepare blank for the analyses by substituting 1.0 ml. of 
contaminate-free distilled water for the serum, 0.5 ml. of contaminate free distilled 
water for the trichloracetic acid, and proceed as below for serums. Prepare stand- 
ards by pipetting 1.0 mi. of eacli of the copper working standard into a tube and 
treat as described for the blank samples. 

Add i.O ml, of 1 N HCl to a tube, mix and heat for 5 minutes in a near boiling 
water bath. Cool, and add 0.5 ml. of 10% trichloracetic acid and mix thoroughly 
with a clean glass rod or by vigorously shaking the stoppered container Centri- 
fuge at 3500 to 4000 r.p.m. for 15 minutes. Pipet 1 ml. of the clear supernatant 
solution into a dean cuvet (10 by 75 mm.). Add a small spatula tipful (appi'oxi- 
mately 10 mg.) of solid ascorbic add to die cuvet, and mix well. (The amount 
of ascorbic acid added is not critical.) Add 0.2 ml. of die bathocuproine color re- 
agents, and mix well. Read the sample against its appropriately prepared blank 
at 485 m/t. 

Calculadons.— 


Copper, fig. per 100 ml. 


absorbance of unknown 
absorbance of standard 


X cone, of standard 


Notes.— B ec .1 use the proceiluic is so delicate and the amounts of ions being dealt uith 
are measured in imciograins, it is ncccssaiy that all glassware being used in the procedure 
be eMlemel) clean. Care must be taken not to overheat the scium and thus coagulate 
the piotein. 

Normal values: 150 to 200 /ig. per 100 ml. of serum for copper. The usual anal)ti- 
cal procedures for the assay of serum copper and iron are quite difficult. By the use 
of sulfonated phenanthrolincs one is able to determine the serum copper and iron with 
relative e.ise. The phenanthiolines lorin complexes with copper and iron. These com- 
pleting agents are 4,7-diphen)M,10-plienaiuhroline (bathophenanthroline) for iron, and 
2,9-dimeihyl-4,7-dipheii)l-l,10-phen3nthrolinc (bathocuproine) for copper. The sulfonaiion 
of bathophenanthroline with chlorosulfonic acid makes these colored complexes water 
soluble. 
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CREATINE AND CREATININE 

(Serum, Plasma, Urine) 

Reagents. Alkaline Picrate.-Mix 8 parts of picric acid solution (l^o) to 2 of 
10% sodium hydroxide and allow to stand for 10 minutes before use. Prepare 

daily. 

Creatinine Stock Standard (1 mg. per ml.).-One gram of creatinine dried at SO^C. 
is made up to I liter with 0.1 N HCl (8.5 ml. concentrated HCl up to 1 liter). 
Cover this solution with toluene and keep in the refrigerator. 

Creatinine Dilute Standard (10 Mg- per ml.).— Dilute 1 ml. of stock standard to 
100 ml. with water. This dilute standard is good for one day only. 

Creatine Stock Standard (Equivalent to 1 mg. per ml. of Creatinine).— Creatine 
is recrystallized from water and dried at 80“C. Transfer to a vacuum desiccator 
and dry overnight. Place 1.16 g. of creatine in a liter flask and make to the mark 
with 0.1 iV HCl. Cover with toluene and keep in the refrigerator. Creatine occurs 
as the monohydrate. It should be analyzed by the Kjeldahl method for nitrogen 
content to assure the anhydrous state. 

Creatine Dilute Standard (Equivalent to 10 Mg- of Creatinine per ml.),— Dilute 
the creatine stock standard 1:100. Keep under toluene and in the refrigerator. 
.Make up daily. 

Tungstic Acid.— Mix equal parts of 0.15 N sulfuric and 2.2% (wt./vol.) sodium 
tungstate solution. 

Procedure for Urine {Preformed Creatinine).-— Rtcord the volume of a 24-hour 
sample. To a test tube with a mark at 10 ml., add 0.1 ml. of urine. Now add 4 ml, 
of piaic acid solution (1%) followed by I.O ml. of 10% NaOH. Mix and let stand 
for 10 minutes. Dilute to the 10-ml, mark and read after 15 minutes with the 52 
filter in the Klett-Summerson colorimeter or at 490 mM in the Beckman spectro- 
photometer. The blank comprises 4 ml. of 1% picric acid with 1.0 ml. of 10% 
NaOH made up to 10 ml. Read the concentration of creatinine from the stand- 
ard curve (see below). Check the curve by adding 0.1 ml. of the creatinine stock 
standard (1 mg, per ml.) and treating as for urine. 

Procedure for Urine (Creatine).— This test must be run alongside of the 
creatinine assay. To 0.1 ml. of urine add 4 ml. of 1% picric acid. Cover the tube 
with tin foil and place in the steam autoclave at 120°C. for 30 minutes. Cool un- 
der tlie running tap after'removal from the autoclave. Add 1.0 ml. of 10% NaOH 
and mix. Allow to stand 10 minutes, dilute to the 10-ml. mark, and read as for 
creatinine. Treat the creatine standard as for the unknown, using 0.1 ml. of 
cteatine standard instead of the urine. This assay determines total creatinine; and 

therefore, read the concentration as creatinine from the standard creatinine chart 
for urine. 

Calculations.— 

Total creatinine (after heating) — preformed creatinine = creatinine due to creatine 
Creatinine due to creatine X 1.16 = creatine concentration 

Procedure for Plasma or Serum {Preformed Creatinine).— "To 1.0 ml. of cell free 
•tn un lemolyzed serum, add 7,0 ml. of tungstic acid. Mix and centrifuge for 10 
minutes at 2000 r.p.m. Decant the supernatant into another tube. Use a 3-ml. 

icpiot for creatinine and a 3-mI. aliquot for creatine. 
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To a 3-ml. aliquot add 0.8 ml. ol 1% picric acid solution and 0.2 ml. of 10% 
NaOH. Allow lo stand for 10 minutes and read before 15 minutes have elapsed. 
Read the creatinine concentration directly from the calibration chart made for 
serum. The blank uses 1 ml. of water treated as for serum, adding 7 ml. tungstic 
acid, taking a 3 nil. aliquot, etc. For Ute standard, use I ml. of the dilute creatinine 
standard (10 ^g. per ml.) and treat as for serum. 

procedure jor Plasma or Serum Creatine.— To a 3-ml. aliquot of the centrifugate 
of serum (see procedure above for plasma or serum creatinine) add 0.8 ml. of 1% 
picric acid. Place in a steam autoclave for 30 minutes at 120°C. Cool under the 
tap, add 0.2 ml. of 10% NaOH and mix. Allow the color to develop for 10 minutes 
and read before 15 minutes. For the standard, add 1 ml. of the dilute creatine 
standard (10 /ig. per ml.) to 7 ml. of tungstic acid, take a 3-ml. aliquot, add 0.8 ml. of 
picric acid, and heat as for the unknown. For the blank treat 1 ml. of water, as 
for tlie serum. Read the concentrations from the standard creatinine curve for 
serum. The standard should check the stand.iul curve. 

Calculations.— 

Total creatinine (after heating) — preformed creatine = creatinine due to creatine 
Creatinine due to creatine X 1.16 — creatine concentration 

Standard Curves. C}entinit}e fot Urine.— To a series of 8 tubes marked at 10 
ml. add 0.5 ml. of water (blank). O.I ml. of creatinine stock standard (100 mg. per 
100 ml.); 0.1 ml. of stock standard diluted I:I with watei (50 mg. per 100 ml.); 0.1 
ml. of stock standard diluted 1:3 with wntet (25 mg. pei 100 ml.); 0.2 ml. of stock 
standard (200 mg. per 100 ml.); 0.3 ml. of stock standard (300 mg. per 100 ml.); 
0.4 ml. of stock standard (400 mg. per 10 ml.); and 0.5 ml. of stock standard (500 
mg. per 100 ml.). Now add water to those solutions in which the volume is less 
than 0.5 ml., so that all volumes are 0.5 nil. Add 5 ml, of alkaline picrate to each 
tube, mix, and let stand for 10 minutes. Dilute to 10 ml. and read against the 
blank before 15 minutes have elapsed. Draw the curve, plotting concentration 
against optical density leading. ThU curve will read directly in urine concentra* 
tion. 

Creatinine for Serum or Pirtsmo.— Make up a series of solutions containing in S-ml. 
volume 2.5, 5.0, 10, 15, 20, 30, and 50 Mg- of creatinine. These solutions are made 
fiom the 10 Mg- per ml. solution except for the solution containing 50 Mg-, which 
is made by using 0.05 ml. of the slock standard (1 mg. per ml.). To one tube 
(blank) add 3 ml. of water. Add 1 ml. of alkaline picrate to each, and read after 
10 minutes but before 15 minutes have elapsed. Since the 3-ml. aliquot taken in 
analyzing for the unknown contains % ml. of serum, then if, for example, the 
reading is equivalent to the 10 Mg- point on die standard curve, 

10 X -5— = 2667 iig. creatinine per 100 ml. of serum = 2.667 mg. per 100 ml. ofsenim 
8 

The formula then becomes, 

/ig. taken X 0.2667 = mg. per 100 ml. creatinine 
Tims, 2.5 Mg. = 0.67: 5 Mg- - 1-33; 15 Mg. = 4.0; 20 Mg- = 5.33; 30 Mg- = 8.0; and 
50 Mg. = 13.3 mg. 23er 100 ml. of serum. The curve is plotted to read directly iu 
milligrams per 100 ml. of serum. 
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NoTES.-Piciic acid forms a colored complex in alkaline solution with creatinine, with 
maximum absorbance at 490 m^. The intensity o£ the color developed depends upon the 
temperature, concentration of alkali, and picric acid and the time. Thus, if room tem- 
perature rises above 25°C. or drops below 20 “G, it is best ib place the. tubes in a con- 
stant temperature bath or a large volume of water maintained at 20° to 25 C. When 
creatinine estimation alone is performed, the alkali and picric acid are mixed before ad- 
dition- (alkaline pici-ate). . . . no 

The molecular weight of creatine is 131 and the molecular weight of creatinine is 113. 
The ratio 131/113 = 1.16 is the factor required to convert creatinine values to creatine 
values. Creatine as first crystallized is a monohydrate. If used as such, its creatine con- 
tent should be assayed by its Kjeldahl nitrogen content. 

Creatinine is excreted in the urine of the normal adult at the rate of 1 to 1.7 g. daily. 
More speciHcally, 20 to 26 mg. per kilogram of body weight in males and 14 to 22 mg. per 
kilomam of body weight in females is excreted in 24 hours. Creatine excretion is low in 
normal urine and is of the order of (25 to 200 mg.), the creatinine excretion in the 
normal adult when done by the Jafle reaction. In infants of less than one year, 10 to 14 
mg. per kilogram of body weight of creatine is excreted. Whole blood levels for creatine 
ran«e from 3 to 7 mg. per 100 ml. and 1 to 2 mg. per 100 ml. for serum. For creatinine 
whole blood levels range from 1 to 2 mg. per 100 ml. and serum levels from 1 to 1.5 mg. per 
100 ml. 


FIBRINOGEN 

(Whole Blood) 


Reagents. Parfentjev Ammonium Sulfate Reagent.— Dilute 133.33 g. (NH 4 ) 2 S 04 , 

10.0 g. NaCl, 0.025 g. Merthiolate to 1 liter with distilled water. Adjust to pH 

7.0 with 10 M NaOH. 

Procedure.— Collect 5 ml. of the patient’s blood in a Wassermann tube contain- 
ing 0.5 ml. of 4% sodium citrate dihydrate. Centrifuge specimen at 2500 r.p.m. for 
10 minutes. Form die “blank” and “test” as follows: “blank”— 1.0 ml. plasma plus 

9.0 ml. normal saline; “test”— 1.0 ml. plasma plus 9.0 ml. of the Parfentjev ammo- 
nium sulfate reagent. 

In exactly 3 minutes read the blanks and the test in the spectrophotometer at 
wavelengdi 510 m/i, using a cuvet 19 by 75 mm. Read absorbance. If coagula- 
tion has occurred, the sample is given a vigorous shake just before the reading is 
taken. 

Calculations.— 


Grams per 100 ml. fibrinogen 


absorbance + 0.019 
0.509 ■ 


Note.— Normal value: 0.113 to 0.380 g. per 100 ml. 


GASTRIC ACIDITY 

(Gastric Contents) 

Reagents. Topfer’s Reagent.-Place 1 g. of /z-dimethylaminoazobenzene in a 100- 
ml. volumetric bask and dilute to the mark with 95% ethyl alcohol. 

Procedure.-Centniuge gastric contents. Consider specimens composed entirelv 
of mucus or saliva unsatisfactory for determination. Test the pH of each onViml 
specimen. If free acid is present the pH will be below 4.5. Place 1 ml in a 5iml 
Erlenmeyer flask and add approximately 10 ml. of distilled water and mix Add 
two drops of Topfer’s reagent. If free acid is present, the specimen n th“flasktv^l 
turn red It it .urns yellow, no tree ucid is present. Add two drops oE nhe- 
nolphthalein Titrate the tree acid, it present, trom red to yellow, and the total 
acid from yellow to red, with 0.1 N NaOH usine a burpi Ura a u ^ ^ ^ ^ 
ot NaOH for each indicator change. ® 
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Calculations.— 


Free acid: ml. of 0.1 


A^NaOH X 


100 

ml. gastric contents used 


= free HCl per 100 ml. gastric contents 


Total acid; ml. of 0.1 


A^NaOH X 


100 

mi. gastric contents used 


= total acid per 100 ml. gastric juice 


Notes.— Normal values for free HCl in healthy, well-nourished adults: 

Males: 100 degrees (at 25 years) 

67 degrees (at 65 years) 

Temales: 82 degrees (at 25 years) 

67 degrees (at 65 years) 

(Values expressed in degrees are equivalent to the number of milliliters of 0.1 N sodium 
hydroxide required for the neutralization of 100 ml. of gastric contents.) 


GLUCOSE 

(Whole Blood, Serum, Spinal Fluid) 

Reagents. Glucose Stock Standard Solution (100 mg.%).— Accurately weigh 
l.OOO g. o£ highest purity glucose on the analytical balance. Dissolve in 50 ml. of 
0.25% benzoic acid. Dilute to I liter with 0.25% benzoic acid. Store in the re- 
frigerator. Stability is indeBnite. 

Copper Reagent.— Dissolve 12 g. of sodium carbonate (anhydrous) and 6 g. of 
Rochelle salt (sodium potassium tartrate) in approximately 100 ml. of distilled 
water. Add 40 ml. o£ 5% copper sulfate pentahydrate and mix well. Add 8 g. 
of sodium bicarbonate and stir until dissolved. Dissolve 90 g. of anhydrous sodium 
sulfate in 250 ml. of hot water. Cool and add to the copper sulfate mixture. Mix 
well and dilute to 500 ml. with distilled water. 

Arsenomolybdate Color Reagent.— Dissolve 50 g. of ammonium molybdate in 
9Q0 ml. o£ distilled water. Add 42 ml. of concentrated sulfuric acid, and mix. 
Dissolve 6 g. of pulverized sodium arsenate (Na 2 HAs 04 ' 7 H 20 ) in 50 ml. of dis- 
tilled water and add to the mixture. Mix well and place in an incubator at 
for 24 to 48 hours. Store in a brown bottle. 

Procedure.— Prepare a protein-free filtrate in a 50-ml. Erlenmeyer flask as follows: 

a. 15 ml. of distilled water. 

b. 1 ml. of oxalated blood, serum, or spinal fluid. 

c. 2 ml. of 5% copper sulfate. 

d. Mix well and allow to stand for 1 minute. 

e. Add, witli continuous shaking, 2 ml, of 10% sodium tungstate. 

/. Mix well and allow to stand I minute. 

g. Filter through a dry No. 40 Whatman filter paper, or centrifuge for 15 min- 
utes at 1800 i.p.m. 

This filtrate is a 1 :20 dilution of the original specimen. 

Use this filtiate /or glucose determinalions only. Nonglucose reducing materials 
present in the specimen are precipitated, leaving “true sugar," only, in the filtrate. 
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About one-half of die precipitated reducing substance consists of nitrogenous con- 
stituents of the blood including creatine, creatinine, uric acid, urea nitrogen, and 
non-protein nitrogen. Breakdown of glucose takes place very rapidly in blood or 
spinal Huid. In blood samples, enzymes glycolyze the sugar and in infected spina 
fluid bacteria destroy sugar. Greater accuracy in the test may be obtained by ob- 


serving the following steps; 

a. If clotted blood is used, remove die serum as soon as possible after the speci- 
men is collected. . n ■ i / 

b. Collect whole blood in a container which includes sodium fluoride (an enzyme 

inhibitor). Even in the presence of fluoride, blood samples may lose as much as 

10% of their sugar over a period of a few hours. 

c. IMake filtrates of die specimens as soon as possible after acquisition. Filtrates 
remain stable indefinitely. Whole blood (without fluoride) or spinal fluid may 
lose 10% of its glucose content per hour at room temperature. 

d. If analysis is unavoidably delayed, refrigeration of the specimen may retard 
glycolysis for several hours. 


Transfer 2 ml. of protein-free filtrate to a Folin blood sugar tube. Into a second 
Folin blood sugar tube place 2 ml. of distilled water. This is the reference blank. 
To each tube add 1 ml. of copper reagent. Mix well. Immediately place the tubes 
in a boiling water bath for 10 minutes. Cool without shaking in a cold-water bath 
for 2 minutes. To each tube add 1 ml. of arsenomolybdate color reagent. Mix 
well and allow to stand for 2 minutes. Dilute to 25 ml. with distilled water. In- 
sert clean rubber stoppers in the tubes and mix by inverting the tubes three times, 
allowing the bulbs in the bottom of the tubes to empty each time. Read the per 
cent transmittance (% T) of die unknown against the reference blank set at ioo% 
T at 480 xafi in the spectrophotometer. Use 19- by 105-mm. cuvets. Obtain glucose 
values in mg. per 100 ml. from the calibration chart. 

Calibration Curve.— Into each of five lOO-ml. volumetric flasks add, respectively, 
2, 4, 6, 8, and 10 ml. of stock standard glucose solution (1 mg. per ml.). Dilute each 
to 100 ml. with distilled water. Two milliliters of each of these dilute standards are 
equivalent respectively to 40, 80, 120, 160, and 200 mg.% of blood sugar. Add 
2 ml. of each standard to separate Folin sugar tubes and proceed as above. Plot 
the readings of the dilutions against their value in mg.% on semilog paper. 


Notes.— Normal values: 65 to 100 mg.% (blood) 


Adults: 40 to 70 mg. per 100 ml. (spinal fluid) 

Children; 70 to 90 mg. per 100 ml. (spinal fluid) 


The method outlined above for the determination of glucose in body fluids based on 
the technique of Somogyi and Nelson has been adapted and modified by Indiana Uni- 
versity Clinical Laboratory Chemistry Department. By the use of copper sulfate and 
sodium tungstate, both the proteins and the nonsugar reducing substances present in the 
are precipitated, leaving true sugar as the only reducing substance in the 
proteimfiee filtrate. The values thus obtained are approximately 10 to 20 m<^.% lower 
tram Folin-Wu rnethod of protein precipitation. Glucose present m the fil- 

trate reduces copper in alkaline solution when heated. The cuprous Conner so formed 
varSt arsenomolybdate reagent to produce a stable blue colo?, the infensity onvhich 
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5-HYDROXYINDOLEACETIC ACID 

(Urine) 

Reagents. l-Nitroso-2-naphthol, 0.1%.— To a lOO-ml. volumetric flask add O.I g. 
of l*nitroso-2-naphthol and dilute to 100 ml. with 95% ethyl alcohol. 

Nitrous Acid Reagent.— This must be prepaied just before using. Add 0.2 ml. 
of 2.5% sodium nitrite to 5 ml. of 2 N sulfuric acid. 

5-Hydroxyindoleacetjc Acid (5-HIAA) Stock Standard.— Weigh 50 rag. of 5-HIAA 
and dissolve in 500 ml. of distilled water. Add 25 drops of glacial acetic acid to 
keep the pH approximately 3. In this solution 1 ml. is equivalent to 100 /4g. 
5-HIAA. 

Procedure.— Obtain a 24-hour specimen of urine in a suitable container to which 
lias been added 3 ml. of toluene and 25 ml. of glacial acetic acid prior to collection. 
Measure the total volume of the specimen and record. Place a 5-ral. aliquot of 
urine in a 50-raI. centrifuge tube. Into a second 50-ml. centrifuge tube place 5 
ml. of water which will serve as a blank. To each tube add approximately 2 g. 
of sodium chloride and 25 ml. of ether. Place a number 6 rubber stopper in each 
of the centrifuge tubes and shake for 1 minute. Be sure the rubber stoppers are 
held in tightly; otherwise tlie expanding ether fumes will force the stopper out. 
Remove the rubber stoppers and centrifuge the tubes at 2000 r.p.m. for 2 minutes. 

Place 20 ml. of the ether layer in a 125 ml. Pyrex suction flask, apply gentle suc- 
tion and evaporate slowly to dryness with the flask immersed in a 59”C. water bath. 
To the residue in the suction flask add 4 ml. of distilled water. Into a suitable size 
test tube (large enough to hold 15 ml. of solution) place 2 ml. of the water extract. 
Add 1 ml. of tiitrosonaphihol reagent and I ml. of the nitrous acid reagent. Mix 
well and place the tubes in a 59*C. water bath for 5 minutes. Remove the tubes 
from the water bath and add 10 ml. of ethyl acetate. Mix well and let stand 30 
minutes at room temperature. Pipei approximately 2 ml. of the aqueous solu- 
tion (bottom layer) into a small (12- by 75 mm.) cuvet, and read against a re- 
agent blank in a spectropliotometei at 650 in^. Obtain results from a calibration 
curve. The results obtained from the calibration curve are in milligrams per liter, 
so this must be corrected for the 24-hour volume. 

Calculations.— 


Mg./liter X 24-hour volume 

looo 


= mg./24-hour specimen 


Calibration Curve.-Dilute 2.5, 5, 7.5, 10, 12.5. 15, 17.5, 20, and 22.5 ml. of stock 
3'HIAA standard to 25 ml. with distilled water. These dilute standards represent, 
respectively. 10, 20, 30, 40, 50, 60, 70. 80, and 90 mg. 5-HIAA per liter. Place 2 ml. 
of the dilute standards in suitable size test tubes and proceed as above, beginning 
with the nitrosoiiaphthol reagent. In another test tube place 2 ml. of water and 
treat the same as tlie dilute standards. This will represent the reference blank. 
Read the standards against the icference blank set at 100% transmittance at 650 
in/*. Plot the results obtained on semilog paper. 

Notes.— The normal range is 2 to 9 mg. 5-HlAA per 24-hour specimen. 

Of particular interest to the laboratory are those compounds which cause false positive 
or ne',pti\e reactions. Those which produce false positive leaclions are: asphin, phenaceim- 
and Thorazine spansiiles. ihe color pioduced b) the first two is stable and that pioducetl 
by the Thorazine spansules fades in about I hour. Assuming an aveiage urine excrelion ol 
1500 ml., approximately 75 grains o£ aspirin or phenacetin or 1500 mg. of Thorazine 
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spansules would have to be ingested to produce false positive reactions. Thus, the inci- 
dence of false positives should be quite small. rhlnrnromazine 

False nc-atives. however, are not uncommon. In general, drugs of the chlorpiomazme 

'wouDS cime inhibition of the color development. For this reason it is impoitant to 
SdetTontrol in the determination. If the control shows less color development than' 
die ‘tandanl. it mav be a.s,sumed that the unknown is inhibited. Among those chttg^ rountU 
in our laboratories to cause inhibition are: Plienergan, Promethazine H)diochloude, 
Mcnhcnterminc Sulfate, Thorazine, Trilafon, Compazine, Pacatal, and Sparine. 

From the fore<>oin" it can be seen that the patient should abstain from medications toi 
T> liours prior to the collection of urine for the test. The e.vcretion of 5-hydro.Myindole- 
acetic acicl is not necessarily uniform over a 24-hour period. Therefore, the test should 
be performed on an aliquot of a 24-hour urine collection. 

1 7-H YDROXYCORTICOSTEROIDS 
(Urine) 

Procedure.— Specimens to be assayed for 17-hydroxycorticosteroids should be col- 
lected without preservative but refrigerated during collection and storage. 

Reducing sugars, in amounts exceeding 0.25%, will seriously interfere with the 
determination. All specimens should be tested for reducing sugar; if reducing sugar 
is present, one of the following techniciues should be used: 

a. Removal of Urinary Glucose svith Yeast.— This method will succeed if glucose 
is the reducing sugar; it is the simpler method and should be tried first. 

Weigh about 1 g. of yeast. Wash twice with 5 ml. of water and discard the water 
each time after centrifuging briefly. Suspend yeast in 3 ml. of water, add 2 ml. of 
the suspension to 20 ml. of the urine specimen and incubate until a negative sugar 
lest is obtained. Centrifuge and use supernatant for the assay. 

b. Extraction of the Steroid Conjugates.— This method has the advantage of re- 
moving all sugars as well as substances interfering with this and other steroid 
methods: it is, however, time consuming. 

Dilute a 15-ml, aliquot of the specimen with 15 ml. of distilled water. Add 15 
g. of ammonium sulfate to the diluted urine .and extract the solution four times 
with 25 ml. of an ethanol-ether mixture (L3), Combine the ethanol-ether phases, 
evaporate to dryness under reduced pressure, and dissolve the residue in 15 ml. 
of 0.2% urea solution. 

In order to prevent excessive evaporation, the specimens are kept in ice water 
between manipulations (purification of ether extract). 

Perform the aimlysis in duplicate on each specimen. Check for the presence of 
sugar. If present, remove with yeast or extract. To a 5-ml. aliquot of specimen 
(use 5 ml. of urea solution, 5.5 ml. after yeast treatment) in a test tube to which a 
polyseal scvewcap can be adapted, add 0.25 ml. fresh sodium borohydride solution 
(100 mg. per ml.) and allow the reduction to proceed for at least 1 hour (or over- 
night) in the open tube. Add 5 ml. of glacial acetic acid; after 10 minutes, add 
l.O g. of sodium bismuthate, cap the tube, and shake mechanically in the dark for 
2 hours. (Wrap the test tube rack in dark clotli or enclose in a box.) Add 3 ml. 
of 20% (wt./vol.) sodium metabisulfite and shake for 1 minute. Add 3 ml. 
of concentrated hydrochloric acid, shake the stoppered tube, place in a boiling 
water bath for 12 minutes and allotv to cool to room temperature in ice water 
Add 25 ml. of dieUiylether to each tube and shake mechanically forA>, minutes- 
aspirate off the aqueous layer. Add 5 ml. of N hydrochloric acid and shake for 
1 J :^cQnds; cool uv ice water and aspirate off the aqueous layer. Add 5 ml. of 5 N 
.nd tor 1 n.h.ulc, cool i„ ice wa.er and aspire off the 
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Obtain about 15 ml. o£ o.'talated blood, centrifuge at low speed, remove and dis- 
card about 2 ml. of the supernatant plasma, and thoroughly remix the specimen. 
Set up the following dilutions of blood: 


Tube Bloody Saline, 

jVo. ml. ml. 


1 

2 

3 

4 

5 

6 


2 

2 

2 

2 

2 

2 


0 

0.5 

1 

2 

4 

8 


NoTE.-Saline is 0.857o sodium chloride solution. 


Mix tlioroughly and sample, in triplicate, for the determination of iron, oxy- 
hemoglobin, and cyanmethemoglobin. 

Oxyhemoglobin.-BIood is laked in 0.04% ammonium hydroxide and shaken to 
oxygenate die hemoglobin. 

Prepare tubes containing 5.0 ml. of 0.04% ammonium hydroxide. Add 0.02 ml, 
of capillary or oxalated blood, rinsing the pipet at least three times. Stopper; 
shake for 10 seconds. Read in a spectrophotometer at 540 m^. Read equivalent 
hemoglobin from the calibration curve or table. 

Cyamnethemoglobin.-Blood is laked, and the hemoglobin is converted to cyan- 
methemoglobin by the cyanide in the diluting fluid. 

Prepare tubes containing 5.0 ml, of the cyanide reagent. Add 0.02 ml. of capil- 
lary or oxalated blood, rinsing the pipet at least tliree times. Mix thoroughly and 
let stand for at least 10 minutes before reading. Read in a spectrophotometer, 
wavelength 540 mfi. Read equivalent hemoglobin from the calibration curve or 
table. 

Total Iron in Whole Blood.— The iron is liberated by treating whole blood with 
concentrated sulfuric acid and potassium persulfate. The protein is precipitated, 
and the iron concentration in the protein-free filtrate is measured by means of the 
thiocyanate reaction. The concentration of hemoglobin in the specimen is then 
calculated according to tire following formula: 


Hemoglobin, g./lOO ml. 


iron, mg./lOO ml. 
3^4 


Dilute 10.0 ml. of the stock standard iron solution to 100 ml. in a volumetric 
flask. Mix. Transfer 0, 1.0, 2.0, 3.0, 5.0, 8,0, and 10.0 ml. to cylinders graduated 
at 20 ml. These standards represent 0, 10, 20, 30, 50. 80, and 100 mg. of iron 
per 100 ml. of blood rvhen exactly 100 rag. of iron wire are used in preparing the 
standard. Add 0.4 ml. of concentrated sulfuric acid and dilute each to 20 ml. with 
distilled water. To each cylinder, add 1 ml. of saturated potassium persulfate solu- 
tion and 4 ml. of 3 potassium thiocyanate solution. Stopper, mix, and read the 
transmittance (T) in a spectrophotometer, wavelength 540 tufi. Construct an iron 
calibration cupe on semilogarithmic paper, plotting T against iron concentration. 

Using tire six tubes of diluted oxalated blood, determine the iron concentration 
of each specimen as follows: Transfer 0.5 ml. of blood to a dry 50-mI. volumetric 
flask. Add 2 ml. of concentrated sulfuric acid. Mix thoroughly by swirling. Add 
- ml. of saturated potassium persulfate solution, mix, and dilute to abou? 25 ml. 
with distilled water. Add 3 ml. of 10% sodium tungstate solution, mix, cool to 
loom temperature, and dilute to 50 ml. with distilled water. Mix thoroughly by 
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inversion and filter. Transfer 10 ml. of die filtrate to a dry test tube or flask and 
add 10 ml. of distilled water. Add 1 ml. of saturated potassium persulfate and 
4 ml. of 3 N potassium thiocyanate. Stopper, mix, and read in tlie spectrophotom- 
eter, wavelength 540 m^. Read the equivalent hemoglobin value from the pre- 
viously drawn calibration curve. Read eacli sample ol oxalated blood as cyan- 
methemoglobin and as oxyhemoglobin. Since the hemoglobin value of each is 
now known, draw a calibration curve for each method, plotting the T reading for 
that method against the known hemoglobin concentration of “-ach sample. Charts 
can be made from the curves. 

PROTEIN BOUND IODINE 
(Serum) 

Reagents.— All water used must be at least doubly distilled and all reagents of 
highest purity. 

0.02 N Ceric Ammonium Sulfate Solution (G. Frederick Smith Chemicals).— Dis- 
solve 25.30 g. of ceric ammonium sulfate in 1 liter of water plus 460 ml. of 7 N 
sulfuric acid. When the solution is clear, make it up to 2 litets with water. 

O.I N Sodium Arsenite Solution.— Dissolve 12.993 g. of sodium arsenite reagent 
grade in 1 liter of water or dissolve 4.947 g. of arsenic trioxide (AsjOg) reagent 
grade in 25 ml. of 4% sodium hydroxide (1 N) and warm to hasten solution. This 
solution is diluted with about 300 ml. ol water and diluted with about 4 ml. o£ 7 N 
sulfuric acid or until the solution is slightly acid to litmus paper. The solution 
is tJien made to 1 liter with water. 

Stock Iodine Solution.— Dissolve 130.8 mg. of potassium iodide reagent grade of 
highest purity, desiccator dried, in I liter of water. This stock solutions contains 
100 Mg. per ml. of iodine. 

Standard Iodine Solution.— (a) Solution containing 0.04 ng. of iodine per milli- 
liter of solution is prep.ared by diluting 2 ml. of slock solution to 500 ml. with 
water and then diluting 5 ml. of the diluted stock to 50 ml. 

(b) Solution containing 0.01 fig. of iodine per milliliter of solution is prepared 
by adding 1 ml. of 0.04 Mg- standard with 3 ml. of water. 

Reagent Blank.— To an Erlenmeyer flask, add 8 ml. of zinc sulfate, 8 ml. of 4 iV 
sodium carbonate, 16 ml. of 7 N sulfuric acid, 16 ml. of 2 N hydrocltloric acid, 8 
ml. of redistilled water. Afix well. All elfervescence must cease before pipetting. 

Procedure.- One milliliter of serum is pipetted into each of two numbered ashing 
tubes (15- by 85-mm. Pyrex test tubes) and diluted with 6 ml. of redistilled water. 
One milHliier of 10% zinc sulfate solution and 1 ml, of 0.5 N sodium hydroxide 
solution are added. The contents of each tube are mixed with a glass stirring rod 
(3 mm, in diameter). Any material adhering to the rod can be removed by wash- 
ing the rod down with distilled water from a wash bottle. The tubes are then 
centrifuged for 10 minutes at 2000 r.p.m. and the supernatant fluid is poured off. 
Seven milliliters of water are added and the precipitated protein is resuspended by 
means of the stirring rods originally used for ea^ lube. Centrifugation is again 
carried out for 10 minutes at 2000 r.p.m. and the supernatant discarded. Tbis 
wasliing process is repeated two more times, making a total of three washings. 
After the last supernatant has been poured off, 0.5 ml. of 4 N sodium carbonate 
is added to each tube and thoroughly stirred into the precipitate with the same stir- 
ring rods used in the washings. Removal of material clinging to the rods is ac- 
complished by rinsing each rod with an additional 0.5 ml. of 4 sodium carbonate. 
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(Total volume of NaoCO., is 1.0 ml.) The tubes are then placed in an oycn main- 
i.uiicd at !00=’C. They are allowed to remain in the oven for a period of 1- to lb 
iioiiis, or umil the contents of the tubes are thoroughly dry. 

'l iie tubes are placed in Pyrex beakers and then in a muffle furnace at 600“ ± 
•3T:. for at least 2^1' liours ol ashing. .After this, the tubes are removed and al- 
lowed to cool, 'rwo niilliliievs of 2 N hydrochloric acid are added with caution to 
avoid excessive effervescence. Then 2 ml. of 7 N sulfuric acid and 3 ml. of dis- 
tilled water are added. The contents of the tubes are stirred with a stirring rod. 
rhe tubes are then centrifuged for 10 minutes at 2000 r.p.m. to pack any insoluble 
niaierial. Tor each .sample tube, a large cuvet (19 by 105 mm.) is used. To each 
(iivet, add 5 ml. of distilled water and a 3-ml. alicjuot of the supernatant solution 
from the corresponding sample tube. To each cuvet, add 0.5 ml. of 0.1 N sodium 
arseiiite solution. Mixing is carried out by (lapping or twirling the tubes. 

'Ihe cuvet and ceric ammonium sulfate in a separate tube are placed in a con- 
staiu-ieiuperature water bath maintained at 39“ ± 1°C. lor 10 minutes to come to 
icniperaiine ecpiilibrium. Using an Ostwald-Folin, blow-out pipet, 1 ml. of ceric 
aimiioiiium sulfate solution is added to each tube at precisely 30- or 60-seconcl inter- 
v.ds. .A. stop wtitch is used to assure accurate timing and the tubes are kept in 
die water bath during the addition of ceric ammonium sulfate. Twenty minutes 
after the ceric solution has been added to the first tube, readings are taken on the 
vpectrophotometer at -120 mii. leaving the same time interval between readings as 
was allowetl between additions of the ceric ammonium sulfate. Use water as a 
reference blank. Read per cent transmittance, record readings, average the dupli- 
cates, and calculate. 

Calculations,— Check calibration curve to obtain curve reading for the particular 
per cent transmission. 


Curve reading X X 100 = jug- 100 per ml. 

Calibration Curve.— A blank and three standards (0.01, 0.04, and 0.08 Mg- per ml.) 
aie prepared as follows: 5 ml. of water are acidecl to the blank tubes; 4 ml. of water 
and I ml. of O.Ol standard are added to the "O.Ol” tubes: 4 ml. ol water and 1 ml. 
of O.Uf standard solution are added to the "0.04” tubes; and 3 ml. of water and 2 
ml. of (M)f standard solution are added to the “0.08” tubes. To keep the pH and 
coinpo-vitioii of the blank and standards the same as those of the samples, 3 ml. 
of icagcnt blank are added to each tube. Therefore, all the tubes should contain 
^ ml. of solution. Proceeding with the sodium arsenite step of the main proce- 
duic, continue as directed. Plot the per cent transmittance against the iodide 
unuemr.uion. New .solutions reejuire a new curve. 


\.UH.-l„\iictne accuracy and carefulness are ncccs.sary in the preparations of all rc- 
.\ll glavswarc must be acid washed and free from contamination. Temperature 
« i (tie muilie (uuuue should not lise above f)25“C. because the glass tubes will bc<dn to 
iucit. low of iodine occurs above this level. ° 


.Normal value-s: .\dults 


nil. 




Mo' P^-’C >09 ml. 


Children 

Ciik^s iodine or thyroid e.xtract therapv is discontinued for ten davs to two n,.„t- 
pnor to vaav.uig tile specimen, thewe drugs will interfere with true thvroid activitv. Dlv. 
•. u X-sav studies employing organic iodine as conuasi media (e.".'. Diodrist f iDion-Tl 
mu etc,) can give tabe high leadings for six months to a siir aftc, adiffl^ 

.SCO 1 y n ;,t„io,t ahvavs traceable to this source. Iodine used for sterib'yin 

c vM.i p,cp.natoiy to venipuncuue can also cause false elevadons^ stcrilumg 
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IRON 

(Serum) 

Reagents. Color Reagents.— Weigh out 100 mg. of bathophenanthroline (G. 
Frederick Smith Cliemical Company, Columbus, Ohio; c.p. grade). Add 0.5 ml. 
of iron-free chlorosulfonic acid and heat over the flame of a microburner for 30 
seconds. Cool, carefully add lO.O ml. of comaminate-free distilled water, and warm 
in a water bath with stirring to dissolve all solid material. Dilute 3.0 ml. of the 
reagent to 100 ml. with 45% sodium acetate solution, filter oil any insoluble mate- 
rial, and store in glass-stoppered brown bottle. The reagent appears to be stable 
for several months stored in such a bottle. 

Iron Stock Standard.— Weigh out 100 mg. of analytical grade iron wire, dissolve 
in 50% vol./vol. sulfuric acid solution and dilute with water to 1 liter. The sul- 
furic acid should be in excess. 

Iron ^Vorking Standards.— Dilute 0.0, I.O, 2.0, 3.0, and 4.0 ml. of the iron stock 
standard to 100 ml. with distilled water. These correspond to concentrations of 0 
to 400 fig. per 100 ml. 

Procedure.— Pipet one 1.0-mI. sample of serum into a clean, dry, glass-stoppered 
centrifuge tube. Prepare blank for the analyses by substituting 1.0 ml. of contami- 
natedree distilled water for the serum, 0.5 ml. of contaminate-free distilled water 
for the trichloracetic acid, and proceed as below for serums. Prepare standard by 
pipetting 1.0 ml. of the iron working standard into tube and treat as described for 
the blank samples. 

Add 1.0 ml. of 1 HCl to the tube, mix and heat for 5 minutes in a near boiling 
water bath. Cool, and add 0.5 ml. of 10% trichloracetic acid and mix thoroughly 
with a clean glass rod or by vigorously shaking the stoppered container. Centri- 
fuge at 3500 to 4000 r.p.m. for 15 minutes. Pipei I ml. of the clear supernatant 
solution into a clean cuvet (10 by 75 mm.). Add a small spatula tipful (approxi- 
mately 10 mg.) of solid ascorbic acid to each of the cuvets, and mix well. (The 
amount of ascorbic acid added is not critical.) Add 0.2 ml. of bathophenanthroline 
color reagent, and mix well. Read the sample against its appropriately prepared 
blank at 535 millimicrons for die red iron complex. 

Calculations.— 


Iron Mg- per 100 ml. = 


absorbance of unknown X cone, of standard 


absorbance of standard 
Same precautions should be followed here as in the serum copper procedure. 
Note.— Normal values: 50 to 100 ^g. per 100 ml. o£ serum. 


17-KETOSTEROIDS 

(Urine) 

Rengentj. Dieihylether, A. U.— Use one-pound tins. Ether containing peroxides 
should not be used for steroid analysis. 

Test: Dissolve a few crystals of potassium iodide in 5 ml. of water, add an equal 
volume of die ether to be tested and sliake for 1 minute. If a yellow color develops 
the ether contains peroxides. It is advisable to test any ether tin Uiat has been 
open for more than a month before it is used. If satisfactory ether cannot be 
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obtained, purify as follows: Shake with 0.8 M ferrous sulfate in 0.4 N sulfuric acid 
(3 X 100 ml. per liter) wash with water (2 X 50 nil- liter) and distill from an 

all-class still in a fume hood. i c 

Methanol, Acetone Free (Merck No. 7168).-Purify as follows: To 1200 ml. of 
methanol add 2 g. of silver nitrate dissolved in 5 ml. of distilled water. Then add 
5 of potassium hydroxide dissolved in 25 ml. of warm methanol (25 ml. 4 N 
methanolic potassium hydroxide if available). Filter the mixture undei suction 
through a bed of Celite and transfer the filtrate to an all-glass still. Discard the 
first 100 to 150 ml. and collect about 800 ml. of distillate (b.p. 65“ ± 1“). 

Ethylene Glycol Monomethyl Ether (“Methyl Cellosolve”) .-Commercial methyl 
Cellosolve (Carbide and Carbon Company, technical grade or Dowanol No. 7, Dow 
Chemical Company) is purified as described for methanol (b.p. 124° ± 1°); reagent 
grade methyl Cellosolve (Merck No. 43713, “Karl Fischer Diluent”) does not have to 
be purified. 

m-Dinitrobenzene.— Dissolve 30 g. of m-dinitrobenzene (Eastman-Kodak No. 99) 
in 250 ml. of methanol (reagent grade, not redistilled) on the steam bath. Add 
30 ml. of 5 N sodium hydroxide and allow- the precipitate to stand for 30 minutes. 
Filter the crystalline material on a Buchner funnel, wash with distilled water on 
the funnel until the washes are colorless, and suck dry. Redissolve the crystals in 
150 ml. of redistilled methanol, add 250 ml. of water, and allow the precipitation 
to go to completion in the dark. Filter the crystals and wash as previously; blot 
dry and store in a vacuum desiccator in the dark over calcium chloride. 

»i-Dinitrobenzene, 1% Solution.— Prepare a 1% solution of purified m-dinitro- 
benzene in purified methyl Cellosolve (wt./vol.). Store in a dark bottle; keep in 
the refrigerator when not in use. 

Potassium Hydroxide, A. R.— A low carbonate content is preferable. 

Methanolic Potassium Hydroxide.— 4.0 dt 0.15 N. Prepare 60 ml. of reagent as 
follows: Measure 60 ml. of purified methanol into a 125-ml. Erlenmeyer flask con- 
taining a small magnetic stirring bar and weigh the flask roughly on a trip balance. 
.Add 17 g. of potassium hydroxide pellets directly into the flask and stir to dissolve 
the pellets. Filter under suction through Whatman No. 50 filter paper, measure 
the clear filtrate, and store in a polyethylene bottle. Dilute a 2-ml. aliquot with 
18 ml. of distilled water and titrate against normal oxalic acid using phenolphtha- 
lein as an indicator. Adjust the normality if necessary. 

Standard.— Androsterone is the preferable standard, but dehydroepiandrosterone 
may be substituted if androsterone from Sigma Chemical Company is not available. 

Slock Solution.— The stock solution contains 2.5 mg. per ml. in redistilled meth- 
anol and is stored in the freezing unit of the refrigerator. 

Working Standard— The working standard contains 100 ^g. per ml. and is made 
by 2:50 dilution of the stock solution with redistilled methanol; it is kept in dte 
refrigerator and allowed to come to room temperature before use. 

Procedure.-Specimens to be assayed for 17-ketosteroids should be collected with- 
out preservative but refrigerated during collection and storage. Specimens pre- 
served with hydrochloric acid (15-ml. concentrated acid per liter specimens) are 
adequate for 17-ketosteroids, but not for corticosteroid assays. A 30-ml. (1 ounce) 
ali(|uot is sufficient for ketosteroid analysis. Only alkali- and detergent-free glass- 
ware should come in contact with the color reagent. In order to prevent excessive 
evaporation, the specimens are kept in ice water between manipulations. Manual 
contact with the tubes is kept to a minimum. 



1104 CHEMICAL ANALYSIS IN CLINICAL MEDICINE 

Perform tlie analysis in duplicale on each specimen. Pipet a 5-ml. aliquot of the 
specimen into a test tube to which a polyseal screwcap can be adapted. Add I ml. 
of hydrochloric acid and cap the tube. Place in a boiling water bath for 12 minutes, 
then allow to cool to room temperature in ice water. 

Add 25 ml. of diethylether and shake mechanically for 2 minutes; aspirate off 
the aqueous layer. Add 5 ml. of 1 N sodium hydroxide and shake by hand for 15 
seconds; allow the aqueous layer to separate and aspirate it oft. Add 20 to 30 pel- 
lets of sodium h)droxide, stopper tightly, and shake meclianically in a horizontal 
position for 10 minutes. Centrifuge at 1500 r.p.m. for 5 minutes and filter rapidly 
tlirougli fluted filter paper into a large, clean test tube. Measure a 10.0-nil. aliquot 
of the filtrate in a pipet and aspirate off the balance of the filtrate. Place the lO.O- 
ml. aliquot back in the test tube and evaporate it to dryness in a 55®C. water batli. 
Add 0.5 ml. of methanol to the dry residue, bring all of the residue into solution by 
careful rotation of the tube. Evaporate the methanol (specimens, blank, standards) 
to dryness in a boiling water bath. At this time prepare a blank and standards by 
pipetting into large, clean test tubes the following: 


Tube for: 

Working 

Standard 

ml. 

Methanol, 

ml. 

Reagent blank 

— 

0.5 

10 Mg- standard 

0.1 

0.4 

30 Mg- standard 

0.3 

0.2 

50 Mg- standard 

0.5 

— 


Add three parts of 4.0 N methanoHc potassium hydroxide to four parts of 1% 
m-dinitrobenzene immediately before use; prepare about 20% in excess of tlie 
amount needed. Add 0.7 ml. of tliis reagent mixture to the bottom of each tube 
and allow the color to develop under uniform conditions at room temperature. 
After exactly I hour, add 5 ml. of methyl Ccllosolve, and measure tlie absorbance 
at 440, 520 and 600 m/i (Beckman B or DU) or at 520 m/* (Coleman) against the 
reagent blank. 

Calculations. Beckman B or DC/.— Calculate the corrected absorbance: 

Ac — 2/1520 “ (A 440 + ^6oo) 

Plot Ag of die standards on linear graph paper and determine the concentration of 
the specimens equals raicrograms per 2 ml. of urine from the plot: 

Mg./specimen = X specimen volume (liters). 

Note.— I f is nearly equal to or greater than A 52 O' determination should be 

repealed. 

Co/eman.— Plot the per cent transmittance of the standard on semilogarithniic 
paper and determine the concentration of the specimen (C^) from that plot: 


Mg./specimen = \Cx X specimen volume (liters). 
Notes.— Normal Values (mg. per 24 houn), read at 520. 


Age (Years) 

Less 2 

2~5 

5-10 

10-15 

15-60 

Male 

.-..0.5-1 .5 

1-3 

3-6 

6-15 

10-20 

Female. 

....0.5-1.5 

1-3 

3-6 

5-11 

5-15 
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W'hen read at three wavelengths, the values obtained are about 25% lower, due to eliini- 
natioii of contaminants such as 3-, 11-, or 20-ketosteioids. „ -j / 

The water-soluble conjugates (glucuronides, sulfates) or the major urinary steroids (an- 
(hosicrone etiocholanolone, dehydroepiandrosterone. 11-oxypnated 17-ketosteroids) are 
hvdroly/ed* with concentrated hydrochloric acid under conditions designed to provide the 
luaxiinal hydrolysis compatible with a minimal destruction of the steroids. 

The low toxicity and the low boiling point of diethylether make it the solvent of 
choice for the extraction of the liberated steroids. Purification of the extract with 1 N 
sodium hydroxide and sodium hydroxide pellets is so effective that urinary blanks may 
be ne‘*^lccte(l. 

The ratio of m -dinitrobenzene to potassium hydroxide is a critical feature of the colori- 



the formation of nonsteroidal Zimmermann chromogens. 

Tlie addition of etliylene glycol monomethyl ether (methyl Cellosolve) to the reacting 
mixture dilutes the KOH sufficiently to stop the reaction. Tn addition, the solvent dilutes 
the colored mixture to bring it into an optimal range for the determination of absorbance. 

ft has been found that ff the Beckman DU or B spectrophotometer is employed, the 
absorbance of the mixture should be determined at three wavelengths in order to eliminate 
interfering chromogens such as 3- or 20-ketosteroids and nonsteroidal substances. If the 
Coleman spectrophotometer is used, a determination at one wavelength seems satis- 
factory. 

The specific name brands of reagents are designated because experience has shown that 
tfiey produce the most uniform and constant results. If substitutions are made, there 
may be considerable loss of accuracy and precision. 


LIPASE 

(Serum, Duodenal Contents) 


Reagents. Olive Oil Emulsion.— To 93 ml. of distilled water, add 0.2 g. of 
sodium benzoate and 7 g. of gum arable (USP). Mix in a blender at low speed 
until dissolved. Slowly add 93 ml. of olive oil (Fisher, Best, USP, Fisher Scientific 
Company, Catalog No. 0-111) and continue mixing with a blender at low speed 
for an additional 3 minutes. Then mix for 5 minutes at high speed. This reagent 
should be stored at 10° to 14°C. Freezing or exposure to excessive heat will de- 
stroy the emulsion. Shake well before using. The reagent is stable for six months 
and should not be used thereafter. 


Thymolphthalein.— Dissolve 1 g. in ethanol and dilute to 100 ml. with ethanol. 

Barbiturate Buffer, pH 8.O.— Sodium diethyl barbiturate 0.8583 g. and 0.4183 g. 
of diethyl barbituric acid are dissolved in approximately 90 ml. of hot water. 
After cooling, the solution is transferred to a 100-ml. volumetric flask and diluted 
to the mark with water. Toluene or chloroform (two to three drops) are added as 
piescrvative. The reagent is stable at refrigerator temperature. 

Procedure. Serum.-Into each of two test tubes, pipet 2.5 ml. of water, 3.0 ml 
of olive oil emulsion, and 1.0 ml. barbiturate buffer pH 8.0. [The barbiturate buf- 
hr can be replaced by a 0.2 M tris(hydroxymethyl)aminomethane buffer pH 8 0 
J'.gma Cliemical Company, St. Louis 18, Mo.)]. This buffer has a slightly better 

slightly higher rate of hydrolysis. The substance 
1 cl be anhydrous before the sample is weighed for the preparation of the buffer, 
blank titration for this buffer is higher than the value for the barbiturate 


th!' o?. f this tube “test” and 

101 tube blank.” Shake both tubes vigorously (at least 5 seconds). Pioet 
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1.0 ml. of scrum into a 50-inf. Erlenmejcr flask. Tliis flask witli serum must 
stored in die refrigerator (4* to 10®C.). Incubate die test and the * blank” in a 
water badi at 37*C. for G hours. (In case of suspected acute pancreatitis, it b 
recommended diat die test be performed m duplicate and that one test be titrated 
after 3 hours of incubation.) An abnormal le\el of lipase in serum after 3 houn 
has ob\ious diagnostic importance. 

Transfer die contents of “bJank’* into die Erlenme>er flask containing the 
scrum. Transfer die contents of “test” tube into a clean 50-ml. Erlenme)er flask. 
Pipci 3.0 ml. of cdi)l alcohol, 95%. into the “blank” and “test” tubes, shake, and 
add to respcctise Erlcnmejer flas^. Add four drops of dijmolphdialein indiator 
to die “blank” and “test.” Titrate to a light blue color widt 0.05 .V sodium hj. 
droxide. (The “blank” and “test” should be titrated to the same color iniensitj.) 
Subtract “blank" salue from “test” value. Units of lipase in serum are equhalcm 
to milhliicrs of 0.05 .Y sodium hxdroxide used to neuiralire the liberated free fatn 
jcid under die conditions of die test. The results ranging up to 1.0 units are con 
sidctcd to be ts'idiin normal limits. 

Duodenal Contents.— Make a 1 :50 dilution of duodenal contents as follosvs: 1 ml 
duodenal contents is made up to 50 ml. by adding 10 ml. of the buffer and distiUt-d 
uaicr. Proceed as for die serum procedure. 

NoTES.-l.'niU of lipase in duodenal contents are equivalent to 50 X milliliters of OilO.Y 
KKiium (ndtoxide used to ncutraltzc die liberated free fait) acids under the conJiiions 
of the test, rile results ranging up to 267 units are considered to be within iioimil 
Imiits. 

The sample to be aiiaUtcd is rcfrigeiated from the time it is obtained from the patleni 
to the time tiie anl)scs are to be made. Repeated studies have indicated that iiiere ii 
no significant aherauon in enrvine aedvitv of duodenal contents during a period of 24 
flours, provided die sample is not stronglv acid due to contamination with gastric juke. 
In such cases the results are quite unreliable even though the anal)scs arc made imIn^ 
diaicl). 

TOTAL LIPIDS 

(Scrum. Plasma. Feces) 

ffeogerdx. Add .^fol)bdatc Solution.— .Add 83 ml. of concentrated H^SO^ M 
about 400 ml. of water. Dissohe 25 g. of (NH 4 ) 2 Mo 04 in die acid and then dilute 
to 1 liter. 

Reducing Agent; l-amitic».2.ua|ibthoM.sulfonic Acid (0.03^^).-Dissohe 29-2 g- t'f 
NaUSOj and 1 g. of Na^SOg in 200 ml. of water. Add 0.2 g. of powdered I-amino- 
2-tiaphthol'-!-sulfoiiic acid and shake until dissolved. Filter witli activated diarcoal 
if colored, and keep in a broivri bottle. 

Phosphate Standard (10 mg, per 100 ml.).-M.ikc up to 1 liter witli water 
•138 g. Kll 2 p 04 (dried at 80*C. oseniiglu and cooled in a dcviccator). Keep under 
luhicne. 

Procedure. Scrum and Plasma Total Lipitls.-Onc milliliter of fasting itraa 
or plasma followed by 1 ml. of ctJj>l alcohol is introduced into a 100-inl. Erlcnint)rt 
Ibsk r.ticd uilli n groimd^laa sioppcr or cork rubbed in silicotic grease: iU ml- “1 
cldoroiorm and 20 ml. of 10% sulfuric odd ate added The mix is slialm i" > 
sl.akmg raadiiue lor 30 minutes. It is transfetred to a 60 ml. test tube, and d™ 
ccutnfugcd for 15 nunutes at 2000 r.p.in. The anucous l.a)er is aspirated oil and 
discarded. The protein button is puslicd aside and the dilotolotm lajcr is pas^d 
tliloush poious fdlet paper to dry. A lO-ml. aliquot of the diloroform U)n “ 
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nlaced in a weighed 25-ml. Erlenmeyer flask, evaporated to dryness on a steam 
bath, and then dried in a 70°C. oven to constant weight. The beaker is weighed. 

Mg. lipid found X 200 = total lipid (mg. per 100 ml.) 

\oTE— Total lipids comprise a complex mixture o£ substances, including neutral fat, 
fattv acids cholesterol, phospholipids, and numerous other fatty materials present in 
e«er amounts, such as carotene, vitamins A and D, and stmoid hormones. Here we 
are interested in the determination of total lipids, phospholipids (lipid phosphorus), and 
fatty acids. In adults, the total lipid values normally range from 400 to 700 mg. per 
100 ml. In children values range from 300 to 600 mg. per 100 ml. 

Lipid Phosphorus.— 0.5 ml. of the chloroform layer, as extracted above, may be 
evaporated to dryness in a test tube. Add 0.05 ml. of concentrated HoSO^. Di- 
aest at 120°C. adding 0.1-ml. portions of 30% H 2 O 2 until the carbon ceases to 
form and the solution clears. Make up to 2 ml. Take a 1-ml. aliquot and add 
0.5 ml. of acid molybdate reagent, mix, and then add 0.5 ml. of reducing agent. 
Mix well and allow to stand for 30 minutes. Read in a spectrophotometer at 
660 mft. Take 0.1 ml. of distilled water for the blank and 0.1 ml. of 10 mg. per 
100 ml. standard and treat both as for the unknown. 


Absorbance of the unknown 
Absorbance of the standard 


X 7.5 = mg. of lipid phosphorus per 100 ml. of serum. 


Note.— Normally, plasma or serum contains 9 to 10 mg. of lipid phosphorus per 100 ml. 
of serum. 


Fatty Acid Determination.— The residue in the Erlenmeyer flask from the total 
lipid determination is dissolved in 2 ml. of 1% alcoholic KOH and heated on a 
steam bath for 15 minutes. Three milliliters of water are added and the solution 
is acidified to Congo red paper by drop-by-drop addition of concentrated HCl; 
15 ml. of petroleum ether (b.p. 60°C.) are added, and the mixture is shaken for 20 
minutes on the Kahn shaker. Decant the solution into a small separatory funnel, 
wash in with 5 ml. of water and discard the lower layer. Wash the petroleum 
ether layer twice with 5-ml. portions of water. Filter the petroleum ether layer 
through filter paper into a small beaker to dry, and wash through with 5 ml. of 
petroleum ether. Evaporate the petroleum ether to dryness, pick up the residue 
ia 2 ml. of ethanol, and titrate with 0.50 N KOH, using phenolphthalein as an 
indicator. Titration will be of the order of 1 ml., and an ultra-microburet is used. 

Titrate 2 ml. of ethanol as the blank, to be subtracted from the titration of the 
unknown. 


MI. titration (corrected for blank) X 750 = milliquivalents per liter of fatty acid 

Milliequivalents per liter X 27.7 = mg. fatty acid per 100 ml. 

moleculp weight of 277, the approximate normal range 
centrations of fatty acids in serum is 200 to 450 mg. per 100 ml. ° 

"" glass container in a 60° to 70°C. oven overnight 

into T if^rr ''' ^ 500-mg. aliquot 

eihl Ibn 700 ^ ^ ^ 5 ml. of a l:l petroleum 

<^%1 akLl diethylether solution. Add one drop of 95% 

tion in the i stoppers. Shake in a horizontal posi- 

a n s aker for 25 minutes. Centrifuge and aspirate as much of the 
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1.0 ml. of serum into a 50-ml. Erlenmeyer flask. This flask with serum must be 
stored in the refrigerator (4* to iO®C.). Incubate the "lest” and the "blank" in a 
water bath .at 37®C. for 6 hours. (In case of suspected acute pancieatitis, it is 
recommended that die test be performed in duplicate and that one test be titrated 
after 3 hours of incubation.) An abnormal level of lipase in serum after 3 hours 
has obvious diagnostic importance. 

Transfer the contents of “blank” into die Erlenmeyer flask containing die 
serum. Transfer die contents of "lest” tube into a clean 50-ml. Erlenmeyer flask. 
Pipct 3.0 ml. of ediyl alcohol, 95%, into the "blank” and "test” tubes, shake, and 
add to respective Erlenmeyer flasks. Add four drops of thymolphtlialein indicator 
to die "blank” and "test.” Titrate to a light blue color with 0.05 N sodium hy- 
droxide. (The "blank” and "test” should be titrated to the same color intensity,) 
Subtract "blank” value from "test” value. Units of lipase in serum are equivalent 
to milliliters of 0.05 N sodium hydroxide used to neutralize the liberated free fatty 
acid under the conditions of die test. The results ranging up to l.O units ate con- 
sidered to be within normal limits. 

Duodenal Contents.— Make a 1 :50 dilution of duodenal contents as follows; 1 ml. 
duodenal contents is made up to 50 ml. by adding 10 ml. of the bulfer and distilled 
water. Proceed as for die serum procedure. 

Notes.— U nits of lipase in duodenal contents are equivalent to 50 x milliliters of 0.S0 N 
sodium h)droxide used to neutralize the liberated fice fatty acids under the conditions 
of the test. The results ranging up to 267 units are considered to be within normal 
limits. 

The sample to be analyzed is icfiigeraicd horn the time it is obtained from the patient 
to the time the anl)scs are to be made. Repeated studies hate indicated that there is 
no signiricant alteration in enzyme activity of duoden.al contents during a pciiod of_24 
hours, proiided the sample is not strongly acid due to contamination with gastiic juice. 
In such cases the results are quite unreliable cien though the anal}ses arc made iinme- 
diatel). 


TOTAL LIPIDS 

(Scrum, Plasma, Feces) 

f?cngeijfs. Acid Molybdate Solution.— Add 85 ml. of conccntiatcd H2SO4 to 
about 400 ml. of water. Dissolve 25 g. of (NH4)2Mo04 in die acid and then dilute 
to 1 liter. 

Reducing Agent: l-amino-2-iiapluhoM-sulfonic Acid (0.05%).— Dissohe 29.2 g- «>f 
NaHSOj and 1 g. of Na.^SOj in 200 ml. of water. Add 0.2 g. of powdered 1-amitlo- 
2-napIuhoM-sulf<)nic acid and shake until dissolved. Filter with activated charcoal 
if colored, and keep in a brown bottle. 

Phosphate Standard (10 mg. per 100 ml.).— Make up to 1 liter with water 
•138 g. KH^POj (dried .it 80*C. overnight and cooled in a dcsicc.uoi). Keep under 
toluene. 

Procedure. Scrum and Plasma Total Lipids.— One milliliter of fasting scrum 
or plasma followed by 1 ml. of ethyl alcohol is introduced into a 100-ml. Erlenme)er 
flask fitted with a ground-glass stopper or cork rubbed in silicone gre.isc; 20 ml. of 
chloroform and 20 ml. of 10% sulfuric acid are added. The mix is shaken in a 
sliaking machine for 30 minutes. It is transferred to a 60-ml. test tube, and then 
centrifuged for 15 minutes at 2000 r.p.m. The aqueous layer is aspirated oil and 
discarded. The protein button is pushed aside and the diloroform layer is passed 
ilirough porous filter paper to dry. A IQ-ml. aliquot of the chloroform layer is 
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placed in 
bath, and 


a weighed 25-ml. Erlenmeyer flask, evaporated to dryness on a steam 
then ^ied in a TO^C. oven to constant w'eight. The beaker is weighed. 


Mg. lipid found X 200 = total lipid (mg, per 100 ml.) 

Vorr -Total lipids comprise a complex mLvture of substances, including neutral fat, 
fiuv acids cholesterol, phospholipids, and numerous other fatty materials present in 
!«.cr amounts, such as carotene, vitamins A and D, and steroid hormones. Here we 
aie interested in the detennination of total lipids, phospholipids (lipid phosphorus), and 
fattv acids. In adults, the total lipid values normally range from 400 to 700 mg. per 
100 ml. In children values range from 300 to 600 uig. per 100 ml. 


Lipid Phosphorus.-0.5 ml. of the chloroform layer, as extracted above, may be 
ttaponucd to dryness in a test tube. Add 0.05 ml. of concentrated HoSO^. Di- 
ocsi at 120°C. adding 0.1-ml. portions of 30% HoO^ until the carbon ceases to 
form and the solution clears. Make up to 2 ml. Take a 1-ml. aliquot and add 
0,5 ml. of acid molybdate reagent, mix, and then add 0.5 ml. of reducing agent, 
.Mk well and allow to stand for 30 minutes. Read in a spectrophotometer at 
660 m;j. Take 0.1 mi. of distilled water for tire blank and 0.1 ml. of 10 mg. per 
100 ml. standard and treat both as for the unknown. 


.-\bsorbance of the unknown 
,\bsorbance of the standard 


X 7.5 = mg. of lipid phosphonas per 100 ml. of serum. 


Note.— Normally, plasma or serum contains 9 to 10 mg. of lipid phosphorus per 100 ml. 
of serum. 


Fatty .\cid Determination.— The residue in the Erlenmeyer flask from the total 
lipid determination is dissolved in 2 ml. of 1% alcoholic KOH and heated on a 
steam bath for 15 minutes. Three milliliters of water are added and the solution 
is acidified to Congo red paper by drop-by-drop addition of concentrated HCl; 
15 ml. of petroleum ether (b.p. 60°C.) are added, and the mixture is shaken for 20 
minutes on the Kahn shaker. Decant the solution into a small separatory funnel, 
wasli in with 5 ml. of water and discard tlie lower layer. Wash the petroleum 
ether layer twice with 5-ml. portions of water. Filter the petroleum ether layer 
through filter paper into a small beaker to dry, and wash through with 5 ml. of 
petroleum ether. Evaporate the petroleum ether to clrymess, pick up the residue 
itt 2 ml. of ethanol, and titrate with 0.50 N KOH, using phenolphthalein as an 
indicator. Titration will be of tiie order of 1 ml., and an ultra-microburet is used. 

litrate 2 ml. of etlianol as the blank, to be subtracted from the titration of the 
unknown. 


Ml. titration (corrected for blank) X 750 = milliquivalents per liter of fatty acid 

Milliequivalents per liter X 27,7 = mg. fatty acid per 100 ml. 

v'n average molecular weight of 277, the approximate normal ran-^e 

w o.ntcuranons of fatty acids in serum is 200 to 450 mg. per 100 m\. ^ 

m container in a 60“ to 70“C. oven overnight 

• . Kcmove to a mortar, and grind with the pestle. W^eigh a 500-mg. aliquot 

‘ ^ a UI 

<*■•1 auL r" i Jictl'ytaher solution. Add one drop of 95% 

in Uic f ' Shake in a horizontal posi- 

Kahn shaker for 2o minutes. Centrifuge and aspirate as much of the 
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top layer as possible into a 25-ml. weighed Erlcnmeyer flask. Add 5 ml. of pe- 
troleum eiber-eilier solution to the residue in the test tube. Cork ajid shake by 
Itand. Centrifuge again and transfer the supernatant into a weighed Erlenmcjer 
flask. 

E\aporate the solution to dryness on a steam bath or lOO'C. air bath. Weigh 
the flask with tlic lipid. 

(Wt. flask 4* fat) — (wt. flask empty) = mg. fat/500 mg. stool 
Me. lipid in 500 mg. stool ^ 

—2 — ^ 2 _ ^ fat jn stool 

If free fatty acid content is desired, dissolve the lipid residue in 10 ml. of 95% 
ethanol. Heat the flask on a steam bath to help the dissolving. While hot, add 
one drop of phenolphthalein and titrate with 0.1 N NaOH. The calculations 
then become 


Ml. titration X normalitv of alkali X 268 X 100 


Wt. of lipid in mg. 

2G8 being the average molecular weight of stool fatty acids. 


= % fatty acids of total lipids 


Notes.— V'alues In uornxal adults on an unrestricted diet do not exceed \'t% ot lUe 
stool's dry neiglu. Most commonly, values arc below 10%. In infants, \alues less than 
20% arc considered normal. Approximately 75 to 90% of the fecal fat is free fait) acid 
or soap. In this pioccdure, the soap is coincried to free fatty acid. 


METHEMOGLOBIN 

(Whole Blood) 

Uea^ents. I’hospbatc Buffer, 0.066 . . . M (pH 6.6).— Dissolve D g. of Na^HPO^* 
and 5.7 g. of anhydrous in distilled water and dilute to a volume 

of I liter. To prepare 0.0166 . . . fit buffer (pH 6.6), dilute 1 volume of the O.OGG 
... ,1/ solution with 3 volumes of distilled water. 

Neutralized Sodium Cyanide,— Add 1 volume of 12% acetic acid (12 ml. of 
gl.icial to 100 ml, with distilled water) to 1 volume of 10% sodium cyanide. The 
reagent should be prepared in a hood, adding the acid to the cyanide. The solu- 
tiotj should be used within an hour after preparation and dispensed from a 
dropper bottle. 

Procedure.- Add 0.1 ml. of capillary or of oxalntcd venous blood collected under 
oil to 10 ml. of 0.0166 . . . AI phosphate buffer. Mix and let stand 5 minutes. 
Read absorbance at 635 m/x, using distilled water as the blank. Absorbance reading 
is Dy Add one drop of neutral sodium cyanide, ^^ix and let stand 2 mitmics. 
Read at 635 m/x. Absorbance reading is D^. 

(Di — Ds) X F„ = Q. of mcthcmoglobin per 100 ml. of blood. 

Determination of F„,.— No. 1 tube (unknown): 9.9 ml. 0.0166 . . . M phosphate 
buffer 4*0.1 ml. 5% potassium fcrricyaiiide solution. No. 2 tube (blank): 10 ml. 
0.0166 . . . x^^ phosphate buffer 4- 0.1 ml. 5% potassium ferricyanidc solution. 
Add U.I ml. of blood to the unknown. The hemoglobin concentration of this 
blood should be determined by the Wong iron method (p. 1098). Mix and allow to 
stand 2 mimiies. Rc.td Dy at 635 using distilled water as the blank. After 
ing. :uUI niic drop of ncuirali/ed sodium cy.iiiide to Imtit unknown and l)l.nik. 
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Mix, let stand 2 minutes, and read again at 636 me. setting the absorbance at 0 
with the blank. Reading is D^,. 

_ Hgb., g. per 100 ml. 

“ Di- D. 


TOTAL NONPROTEIN NITROGEN (N.P.N.) 

(Whole Blood) 

Reasents. Digestion Mixture.-Prepare selenium dioxide from selenium by 
lieating selenium to dryness in an evaporating dish with a 1 : 1 mixture of nitric 
acid and distilled water. When dry. add water and heat to dryness again. Con- 
tinue additions of acid and evaporations until only the white crystals of SeO^ 
are present, with no trace of free selenium (black color). Protect SeOo from mois- 
ture or it will turn pink. If this happens, add a little dilute nitric acid and 
again evaporate to dryness. Dissolve 1 g. of copper sulfate and 1 g. of selenium 
dioxide in distilled water. Dilute to 50 ml. with water. Add 150 ml. of concen- 
trated sulfuric acid and 50 ml. of ^h% phosphoric acid. For use, dilute about 
150 ml. of the acid mixture with 100 ml. of distilled water. The diluted reagent 
must be balanced against previously titrated Nessler’s reagent. Ten milliliters of 
a 1:10 dilution should be neutralized by 9 to 9.3 ml. of Nessler’s reagent, with 
phenolphthalein being used as an indicator. Adjust the digestion mixture by ad- 
dition of undiluted acid mixture or water as necessary. 

Mercuric Potassium Iodide Solution (Nessler’s Stock Solution).— Transfer to a 
Florence flask 150 g. of potassium iodide and 100 g. of iodine. Add 100 ml. of 
water and 140 to 150 g. of metallic mercury. Shake the flask continuously and 
vigorously for from 7 to 15 minutes, or until nearly all of the dissolved iodine 
has disappeared. The solution will become hot. When the red solution of iodine 
becomes visibly pale, cool in running water and continue the shaking until the 
red color of the iodine has been replaced by the greenish-yellow, color of the 
double iodide. Do not cool the solution too soon. Separate the solution from the 
surplus mercury by decantation and by washing with liberal quantities of distilled 


water. Dilute the solution and washings to a volume of 2 liters. 

Nessler’s Working Solution.— To 1400 ml. of 10% sodium hydroxide add 300 
ml. of mercuric potassium iodide solution and 300 ml. of distilled water. Mix. 


Nessler’s solution must be titrated against 1 N hydrochloric acid using phenol- 
phthalein as an indicator: 20 ml. of 1 N hydrochloric acid should be neutralized 
by 11 to 11.5 ml. of Nessler’s reagent. If the Nessler’s reagent is too alkaline 
(i.e., less than 11 ml. when used in the titration), water can be added to the solu- 
tion to adjust it to the proper pH. 

Gum Ghatti Solution.— Place 20 g. of gum ghatti on a copper screen and sus- 
pend in a 1000-ml. cylinder of distilled water just below the surface of the water. 
.■\.llow to stand 18 to 24 hours. Remove screen and filter through a towel. Add 
1 g. of mercuric chloride. Keep in refrigerator. 

Standard Ammonium Sulfate Solution.— Ammonium sulfate, c.p., special pyri- 
dine-free, should be dried more than one-half hour at 110“C. and then allowed 
to cool for 20 minutes in a desiccator. Weigh on an analytical balance 0.4716 <>•. 
asi into a beaker to dissolve. Then wash into a liter volumetric flask. Add 
m . concentrated, c.p. hydrochloric acid and dilute to mark with distilled water 
t^wp m a well-stoppered bottle. One milliliter equals 0.1 mg. of nitrogen 

10 by adding 1 volume of blood or serum 

lolumes of water; then add 1 volume of 0.66 N H.SO„ mix. and allow to turn 
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dark brown; finally, add 1 volume.of 10% (wt./vol.) sodium tungstate, mix, allow 
to stand 2 minutes, and filter. Transfer 5 ml. of protein-free filtrate to a 
P>re\ tube graduated at 35 and 50 ml. (N.P.N. tube). Add I ml. of digestion 
mixture and 3 or -1 glass beads. Boil vigorously over a microburner until mix- 
tine turns brown and fumes appear. Boil until color disappears. Remove from 
flame and cool to room temperature. Add a few milliliters of distilled water. 
Add 1 ml. ol gum ghatti. Dilute to the 35-ml. mark on tube with distilled water. 
Mix, Prepare a blank as follows: Place 1 ml. of digestion mixture in an N.P.N. 
tube; add 1 ml. of gum ghatti, and dilute to tlie 35-ml. mark with water and mix. 
Add to the unknown and blank, 15 ml. of Nessler’s solution. Add quickly by 
blowijig the Nessler's solution into the center of the mixture in the tube. Insert 
rubber stopper and mix. Let stand 10 minutes after Nesslerization. Centrifuge 
unknown and blank for 2 minutes. Read in a spectrophotometer at a wavelengdi 
of 480 m/i ill cuvets (19 by 150 mm.). 

Repeat if test is cloudy after centrifuging. (Cloudiness may be due to improp- 
erly prepared solutions, especially an improper amount of alkali in Nessler's solu- 
tion.) Repeat if a yellow or orange precipitate results after centrifuging. The 
precipitate sliould be colorless. An excess of tungstic or sulfuric acid will cause 
a yellow precipitate during digestion. Nessler’s reagent should be added quickly 
without allowing it to run down die sides of die tube. The contents of the tube 
sJjouJd be mj.xed fir.« before NessJerijaiion. 

Calculations.— Obtain N.P.N. values in mg. per 100 ml, from calibration curve. If 
nonprotein nitrogen reads above 60 mg. per 100 ml., repeat on filtrate aliquots uf 
2 ml. or I ml. and multiply results by appropriate factors (2.5 if 2 ml. are used, 5 
if I nd. is used). 

Calibration Curve.— Place 1 ml. (20 mg. per 100 ml.), 1.5 ml. (30 mg. per 100 ml.), 
2 ml, (40 mg. per 100 ml.), and 3 ml. (60 mg. per 100 ml.) of ammonium sulfate 
standard solution in each of 4 N.P.N. tubes. Add 1 ml. of digestion mixture to 
each. Add I ml. of gum ghatti to each. Dilute to the 35-ml. mark with distilled 
water. Mix. 

Prcjjare a blank as follows: Place 1 ml, of digestion mixture in an N.P.N. tube; 
add 1 nil. of gum ghatti; dilute to the 35-ml. mark with water and mix. Blow 
15 ml. of Nessler’s solution imo each mixture. Mix well and let stand 10 min- 
utes. Read each dilution within 20 minutes after Nesslerization in the spectro- 
photometer, using cuvets (19 by 150 mm.) and a wavelength of 480 m/x, wiUi the 
blank set at 100 per cent transmittance. Repeat several times on new dilutions, 
and plot average readings on semilogaritlimic paper against corresponding values in 
mg. per 100 ml. of nonprotein nitrogen. 

Nutls.— N ormal values: 25 to 40 iiig. per 100 ml. of blood. In normal blood liie 
N.P.N. of the cells is about 50% higher than in plasma, but In retention the two ap- 
pioxiiiiaie. Whole blood should be used in the determination. Blood obtained after a 
meal uill gi\c results 5 to 10 mg. higher than fasting blood. N.P.N. includes all niuogen 
left after piccipitation of piotein cotuUtuents of the blood. It includes urea, uric aad, 
creatinine, ammonia, amino acids, and other nitrogenous substances (“rest N"). 

BLOOD pH 
(Whole Blood) 

The Metrohm blood electrode is suited to measure the pH of blood, by pressing 
the blood directly from a syringe or sucking directly from a lacuum 
the electrode. A water jacket permits connection to a circulating ilicrmostat. 
The litjuid to be measured reaches tlie measuring temperature of 37*C. within a 
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tew seconds. The electrode is suited for the pH range 1 to 9 at temperatures 
varying from +15” to +55°C. The minimum .volume of liquid required is 0.5 ml. 

In die following paragraphs are listed certain precautions. These precautions 
must be stringently adhered to in order that the procedure may be followed with 

ease and accuracy. _ 

The procedure used in the drawing of the blood sample is of great importance. 

Ideally there is no substitute for arterial blood. For routine evaluation of all 
clinical problems, venous blood, when drawn properly, is extremely useful. The 
tourniquet is applied lightly, the patient is instructed NOT to flex or squeeze 
the fino^ers; and the venous blood is obtained with a vacuum blood tube contain- 
iiw heparin. The pH value should be measured within one-half hour. The 
pH of whole blood will change approximately 0.01 pH units every 10 minutes at 
37°C. At 27°C. the change is approximately 0.005 pH units every 10 minutes. 
If the pH cannot be measured within one-half hour, the blood should be kept in 
ice water. Under these circumstances, the blood will keep as long as 4 hours. 

Mineral oil should never be used. All electrodes should be thoroughly rinsed 
witli physiological saline after each blood pH measurement. After completing a 
series of measurements, the electrode should be washed with a detergent such as 1% 
Alconox or Triton X-100. Cleanliness is of greatest importance. Platelet clumps 
can be avoided by taking the sample below the surface of the blood and away 
from the walls of the blood tubes. 

For the most precise work and for all pulmonary function work,. pH should be 
measured at the subject’s body temperature. However, for routine clinical screen- 
ing, die use of a fixed temperature between SY^C. and 38”C. for all samples is 
satisfactory. The meter and die circulating thermostat must be connected to- 
gether to a true ground. The tip of the reference electrode should be covered 
and the side plugged when not in use. The glass electrode should never be 
allowed to dry out. Keep filled with physiologic saline between determinations. 

Reagents. Standard Acetate Buffer— pH 4.165 at ‘61°C. 

PNP Buffer— pH 6.975 at SVC. (0.04 M p-nitrophenol and 0.40 M sodium 
p-nitrophenolate). 

Procedure.- The instrument consists of a combination of Haake’s thermostat 


type “F” water bath, a Metrohm Blood Pleasuring Chain EA 520, and an ex- 
panded scale pH meter. 


Turn on water bath and allow to come to body temperature, which requires 
5 to 10 minutes. Beaker EA 753 is filled with gel type KCl solution. The refer- 
ence electrode is filled above the mercury with saturated solution of KCl and is 
left unplugged during the measurements. 

With die stopcock in position 1, an appropriate buffer near the usual pH 
of blood is drawn into the electrode until the liquid is seen above the electrode 
chamber. The position of the stopcock is then changed to 2. The capillary elec- 
trode is lifted and placed in intermediate vessel EA-753. The pH meter is ad- 




the standard buffer. The tip of the electrode is lifted from the 

passerduo? 1 ^ Stopcock in position 3, physiological saline is 

passed through die electrode to rinse it out by closing the hole on top of the 

mg ottle with the finger and squeezing the bottle. With the stopcock in 
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position 1, the lip of the electrode is placed below the surface of the blood 
in the blood tube and a sample of blood is drawn to the same level as the 
previous buffer. The stopcock is then turned to position 2. The capillary elec- 
trode is lifted and placed so that the tip of the electrode is in intermediate 
vessel EA 753. The tip of the reference electrode should be checked to see if 
it is in place in the intermediate vessel EA 753. A reading is then taken. This 
reading should follow wiiliin 1 minute the reading of the buffer. The capillary 
electrode is lifted and placed so that the tip of the electrode is out of the inter- 
mediate vessel. The electrode is rinsed, as above, with physiological saline from 
the nnse bottle. The electrode is cleaned by applying a squeeze bottle containing 
1% solution of Triton X-100 to the outlet tube and squeezing a small quantity of 
this solution tiirough the electrode. The electrode is again rinsed with physiological 
saline and then filled with the same solution. The instrument is ready for next 
determination. 

Note.— Normal values; 7.36 to 7.-10. 

ALKALINE AND ACID PHOSPHATASE 

(Serum) 

Reagents. Stock Phenol Reagent.— Dissolve 100 g. of sodium tungstate (Na^- 
WO, *21120) and 25 g. of sodium molybdate (Na^MoO^ *21120) in 700 ml. of water 
in a 1500-mi. round-bottomed flask. Add 50 ml. of 85% phosphoric acid and 100 
ml. of concentrated hydrochloric acid. Mix thoroughly. Fit a reflux condenser 
to the flask by means of a rubber stopper or cork wrapped in tin foil, or, prefer* 
ably, use standard-taper all-glass joints. Boil the solution gently for 10 hours. 
Remove the condenser, add 150 g. of lithium sulfate (Li 2 S 04 ), and wash down 
with 50 ml. of water. After solution is complete, add 5 to 10 drops of liquid 
bromine, and boil for 15 minutes to remove the excess bromine. The solution 
should be clear and golden yellow in appearance. If it shows a greenish tint, 
repeat the treatment with bromine. Cool the solution to room temperature, di- 
lute to 1 liter, and filter if necessary through glass wool into a glass-stoppercd 
brown bottle. This reagent is stable for several months. 

Dilute Phenol Reagent.— Dilute 1 volume of stock phenol reagent with 2 vol- 
umes of distilled water. This solution is reasonably stable when stored in a dark- 
brown bottle. Discard when a greenish tint becomes noticeable. 

Substrate: 0.01 3/ Disodium Phenyl Phosjihaie.— Dissolve 2.18 g. of reagent grade 
disodium monophenyl phosphate in 1 liter of distilled water. Sterilize the solution 
by bringing n (juickly to the boiling point. Then cool it immediately, add a 
few drops of chlorofonn, and store in the refrigerator. 

Alkaline Buffer: 0.06 3/ Na^COj, 0.04 3/ NaHCOa.-DissoIve 6.36 g. of anhy- 
drous sodium carbonate and 3.36 g. of sodium bicarbonate in approximately 500 
ml. of distilled water contained in a 1-liter volumetric flask. Dilute to mark and 
mix. Store in a refrigerator. The pH of this solution should be 10.0. 

Acid Buffer: 0.176 3/ Disodlum Citrate, 0.024 3/ Monosodium Citrate.— Dissolve 
21.0 g. of reagent grade citric acid monohydraie. crystalline, in 200 ml. of 
tilled water contained in a 500-ral. volumetric flask. Add 188 ml. of standardized 
1 iV sodium hydroxide, and dilute to volume. The pH of this solution should 
be 4.9. Check potentiometrically and adjust if necessary by the addition of eidicr 
0.1 sodium hydroxide or 0.1 N hydrochloric acid. Add a few drops of chloro* 
form and store in the refrigerator. 
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Buffered Alkaline Substrate.-Mix 500 ml. of disodium phenyl phosphate with 

500 ml. of alkaline buffer. Store in refrigerator. • u okh i 

Buffered Acid Substrate.-Mix 250 ml. of disodium phenyl phosphate with 250 ml. 

of acid buffer. Store in refrigerator. i i o „ v. 

Phenol Stock Standard, 1 mg. per ml.-Transfer approximately 1.2 g. of re- 
agent grade crystalline phenol to a Miter volumetric flask and dissolve in approxi- 
mately 200 ml. of 0.1 iV hydrochloric acid. Dilute to volume with 0.1 N hydro- 


cliloric acid. . i,- i 

SUnidardization.-Stnmlardhe by titration 0.1 N solutions of sodium thiosul- 

f ite C5 0 «■ of Na.,S.>0.^-5H.,0 per liter) and of iodine (prepared by diluting a 
solution' co'’ntaining“ 25 g. of pure KI, 25 ml. of water, and 12.7 g- of resublimed 
iodine to 1 liter). The 0.1 N solution of potassium biiodate (3.250 g. of reagent 
oracle KH(I 03)2 per liter) is used to standardize the 0.1 N thiosulfate. Then the 
thiosulfate is used to standardize the 0.1 N iodine solution. 

Immediately prior to titration of biiodate with thiosulfate, iodine is liberated 
from die standard solution by transferring 25 ml. to a solution prepared by adding 
5 ml. of 6 N hydrochloric acid to a solution of 2 g. of pure potassium iodide in 


3 ml. of water. 

To standardize the phenol stock solution, accurately transfer 25 ml. of the solu- 
tion to a 250-inl. glass-stoppered Erlenmeyer flask, add 50 ml. of 0.1 N sodium 
hydroxide solution (4.0 g. per liter) and heat to 65°C. Add 25 ml. of 0.1 N iodine 
and mix. Stopper the flask and allow to stand at room temperature for 45 min- 
utes. .\dcl 5 ml. of concentrated hydrochloric acid, and titrate the excess iodine 
with 0.1 A’ sodium thiosulfate, using 1 ml. of 1% starch as indicator. 

Calculation — 


Mg. phenol per 25 ml. = 1.568 X (ml. 0.1 AT I 2 — ml. 0.1 N Na._>S 203 used) 

If more than 25 mg. of phenol is found in 25 ml., adjust to this concentration by 
suitable dilution with 0.1 N hydrochloric acid. This solution keeps indefinitely at 
refrigerator temperature. 

Dilute Phenol Standard, 0.05 mg. per ml.— Transfer 5 ml, of the phenol stock 
standard to a lOO-ml. volumetric flask, and dilute to volume with distilled water. 
Store in refrigerator. This solution may be kept one month. 

Procedure. Alkaline Phosphatase.— Transfer 4 ml. of buffered alkaline sub- 
strate to each of two test tubes (5 by % in.) labeled A and B and allotv the solu- 
tions to warm for 3 minutes in a water bath regulated at 37°C. Add 0.2 ml. of 
serum (or plasma) to tube A, mix at once and allow both tubes to remain in the 
W“uer bath. Exactly 15 minutes after the addition of serum to tube A, pipet 2 
ml. of dilute phenol reagent into each tube, and mix well. Add 0.2 ml. of serum 
to tube B, mix again, and centrifuge botli tubes. 

To prepare the standard, measure 1 ml. of dilute phenol standard into a test 
tube. Add 3.2 ml. of distilled svater and 2 ml. of dilute phenol reagent and mix. 

To prepare the reagent blank, add 2 ml. of dilute phenol reagent to a tube 
containing 4 ml. of distilled water and mix. 

Add 2 ml. of clear supernatant solution, 2 ml. of prepared standard, and 2 ml 
of reagent blank to appropriately labeled tubes. To each tube add 8 ml of Qo; 

M)dunn carbonate, mix well, and allow to stand 20 minutes for complete color 
uevelopment. ‘ 

Measure the resulting blue colors in a suitable spectrophotometer at 660 m^ 
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(red). Witli instruments calibrated in terms of absorbance (optical density) pour 
the reagent blank into a suitable cuvet, and adjust absorbance reading to zero 
against this solution. Record readings of the standard and of solutions A and B. 
Subtract reading of solution B from that of solution A. 

Calculation.— 

K.A.U. per 100 ml. = 0.0161 X - X || X ^ 

K,A.U. per 100 ml. = 25.0 X — " — 

where K.A.U. = alkaline phosphatase expressed as King«Armstrong Units 
0.0161 = milligrams of phenol in final standard solution 
Ra = absorbance reading of solution A 
Rb = absorbance reading of solution B 
R, ~ absorbance reading of phenol standard 

6.2 = combined volume of serum plus buffered substrate plus dilute phenol 
reagent 

2.0 = aliquot portions of this solution taken for color development 
0.2 = volume of serum taken for analysis 

Acid Phosphatase.— Transfer 4 ml. of buffered acid substrate to each of two test 
tubes, labeled C and D, and warm the solutions for 3 minutes in a water batli 
at 37®C. Add 0.2 ml. of unhemolyzed serum or plasma to tube C, mix at once, 
and allow both tubes to remain in the water bath. Exactly 1 hour after the ad* 
dition of serum to tube C, pipet 2 ml. of dilute phenol reagent into each tube, 
and mix well. Add 0.2 ml. of serum to lube D, mix again, and centrifuge both 
tubes. 

To prepare die treated standard (standard plus phenol reagent), measure 1 
ml. of dilute phenol standard into a test tube. Add 3.2 ml. of distilled water 
and 2 ml. of dilute phenol reagent and mix. 

To prepare the reagent blank, add 2 ml. of dilute phenol reagent to a tube 
containing 4.2 ml. of distilled water, and mix. (When both alkaline and acid 
phosphatase are to be determined, only one standard and reagent blank need be 
prepared.) 

Add 4 ml. of each clear supernatant solution, prepared standard, and reagent 
blank to an appropriately labeled tube. To each solution add 6 ml. of S% so- 
dium carbonate, mix well, and allow to stand for 20 minutes. 

Pour the reagent blank into a suitable cuvet and set tlie indicator of the 
spectrophotometer to zero absorbance against this solution at 660 m/x (fed)* Record 
absorbance reading of tire standard and of solutions C and D, Subtract reading of 
solution D from that of solution C. 

Calculation.— 

K.A.U. per 100 ml. = 0.0322 X ~ ^ ^ ^ 

K.A.U. per 100 ml. = 25.0 X ^ ~ 
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where K.A.U. = acid phosphatase expressed as King-Armstrong Units 

0.0322 = milligram^ of phenol in final standard solution 
i?c = absorbcinc^ reading of solution G 
i?d = absorbance reading of solution D 
Ms — absorbance reading of phenol standard 

g 2 = combined volume of serum plus buffered substrate plus dilute phenol 
reagent 

4.0 = aliquot portion of this solution taken for color development 
0.2 = volume of serum taken for analysis 

Notes.— Normal values: 

1. Alkaline phosphatase; adults 4 to 10 K.A.U., children 10 to 20 K.A.U. 

2. Acid phosphatase, 0-4 K.A.U. 

The range ot alkaline phosphatase values which can be determined by this procedure 
includes 0 to 70 units. If higher let els are found (i.e., absorbance > 1), an accurate 
value may be obtained bv diluting 1 volume of the final solution tvith 1 or 2 volumes 
of distilled water before measuring its absorbance. Multiplication by the dilution factor- 
gives the factor to be used for these calculations. 

.Acid phosphatase values of 0 to 30 units can be determined by this procedure. Higher- 
values may be determined also by dilution ot the blue complex with distilled water- 
before reading. 

Hemolyzed specimens of serum (plasma) should not be used for acid phosphatase de- 
terminations. Erythrocytes are known to contain large amounts of an acid phosphatase 
with optimal activity at pH 6. Results may, therefore, be vitiated even by slight he- 
nrolysis. 

Only very pure disodium phenyl phosphate, phenol-free, is suitable for use as sub- 
strate. 


INORGANIC PHOSPHORUS 

(Serum and Urine) 

Reagents. Molybdate II Reagent.— Dissolve 25 g. of c.p. ammonium molybdate 
in 300 ml. of 10 N sulfuric acid. Dilute to 1 liter with distilled water (2.5% am- 
monium molybdate in 3 N sulfuric acid). 

Elon (p-Methylaminophenol Sulfate, lEastman Kodak, Practical No. P615) Stock 
Solution.— Dissolve 3 g. of c.p. sodium bisulphite in 100 ml. of distilled water. 
,.-\.dd 1 g. of Elon. Shake well. Store in brown bottle in the refrigerator. 

Elon Dilute AVorking Solution.— Dilute 10 ml. of Elon stock solution to 100 ml. 
W’ith distilled water. Mix well. Prepare fresh on the day of use. 

Phosphorus Stock Standard Solution.— Dissolve 0.3514 g. of pure, well-dried 
nionopotassium phosphate in 10 ml. of 10 N sulfuric acid. Dilute to 1 liter in 
a volumetric flask (1 ml. = 0.8 mg. phosphorus). 

^ Phosphorus AVorking Standard.-Transfer 25 ml. of stock standard solution to a 
oOO-ml. volumetric flask. Dilute to mark with 5% trichloracetic acid (5 ml. = 0.02 
rog. P represents 4 mg. per 100 ml. phosphorus). 

Procedure. Serum.-Place 9.0 ml. of 10% (wt./vol.) trichloracetic acid in a con- 
ical centrifuge tube. Add 1.0 ml. of serum. Mix thoroughly. Allow to stand 
3 to 10 minutes. Centrifuge until clear. Pipet 5.0 ml. of supernatant fluid into 
a clean, acid-washed test tube. Prepare a blank by pipetting 5.0 ml. of 5°/ tri- 
y oracetic acid into a similar tube. Prepare a standard by pipetting 5 0 m^l of 
the working standard (5 ml. = 0.02 mg. P) into another tube. Add 1 0 ml’ of 
molybdate II to each tube. Mix well. Add 4.0 ml. of dilute Elon to each tube 
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Mix, in succession, immediately after die addition to each tube. Allow to stand 
10 minutes. Read absorbance of ihe unknown and of the standard in the spectro- 
photometer after 10 minutes (and before 60 minutes) at 680 mu against the reagent 
blank set at 100% T (zero absorbance). Use clean, dry cuvets (12 by 75 mm.). 
Obtain serum phosphorus value by using formula 1 under calculations below. 

Note.— The blood specimen must be drawn while the patient is fasting. It is necessaiy 
that the determination be carried out on fresh, unhemolyzed serum separated as soon as 
possible from the red cells because of the case of hydrolysis of phosphate esters in the red 
cells b) the phosphatases in the serum. Both hemolysis and prolonged standing of the 
blood specimen will inciease the phosphorus level. The serum should be refrigerated 
foi a short time if delayed analysis is unavoidable. 

Urine.— Dilute 1.0 ml. of urine (a measured 24-iiour specimen) to 50 ml. with 
5% tricliloracetic acid in a 50-ml. glass-stoppered volumetric flask. Mix well and 
filter, if not perfectly clear, through No. 40 Whatman filter paper. Add 5.0 ml. 
of diluted urine to a clean, acid washed test tube. Prepare a blank and standard as 
under method for serum above. Add 1.0 ml. of molybdate II reagent to each 
tube. Mix well. Add 4.0 ml. of dilute Elon and mix eadi tube immediately. 
Allow to stand at least 10 minutes. Read absorbance of the unknown and of the 
standard in the spectrophotometer at 680 m/* against the reagent blank set at 100% 
T (zero absorbance). Report results in grams of phosphorus excreted in 24 hours. 
Obtain value by using formula 2 under calculations below. 

Calculations.— 

1. Serum: 


Absorbance of unknown X 
phosphorus 


cone, of std. 
absorbance of std. 


2. Urine' 


mg. per 100 ml. serum inorganic 


Absorbance of unknown X 
24 hr. 


cone, of std. 
absorbance of std. 


X 5 X 


ml. per 24 hr. spec. 
1000 


Notes.— Normal values. AduUs, $ Vo 45 mg. pev 100 ml. (serum) 
Children, 4 to G nig. per 100 ml- (serum) 
Approx. I.O g. per 24 hours (urine) 


g. Pper 


PREGNANEDIOL 

(Urine) 

Procedure.— The entire 24-hour collection of urine is introduced into a suitable 
flask fitted with a reflux condenser together with 0.1 of its volume of concentrated 
hydrochloric acid and 200 ml. of toluene. The mixture is heated to boiling, the 
boiling continued for 15 minutes, and then cooled rapidly in running water. 

The mixture is transferred to a suitable separatory funnel. The toluene is sep- 
arated and the aqueous fraction extracted with two further quantities of 200 ml. 
of toluene. The combined toluene extracts are washed twice with two 100-ml. quan- 
tities of 10% sodium hydroxide and twice with 100-ml. quantities of water. The 
toluene extract is evaporated down to dryness in a 500-mI. flask attached to a vacuum 
still. It is essential to have the flask heated by a water bath and to begin heating 
from the cold; otlierwise trouble from “bumping” may be encountered. 

The dry residue is dissolved in 10 ml. of absolute alcohol, the solution being 
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transferred to a 100-ml. conical flask, and 40 ml. of hot (about 70°C.) 0.1 iV sodium 
hydroxide solution is added to the alcoholic solution. (This process can be used 
to transfer completely the contents of the 500-mI. flask into the 100-ml. conical 
flask.) Tlie mixture is allowed to cool to room temperature, after which the flask 
is placed in a refrigerator (S^C.) overnight. The contents of the flask are filtereci 
through a No. 42 Whatman filter paper. The residue is washed with 40 ml. of 
told water (5“C.). (The cold water should be transferred from the original con- 
ical flask.) The filter paper containing the residue is put back into the original 
conical flask and 10 ml. of absolute alcohol are added. When the solution of 
pregnanediol has been effected, 40 ml. of hot water (about 70°C.) are added. 
The mixture is allowed to cool to room temperature after which it is placed in a 
refrigerator (5“G.) overnight. The contents of the flask are then filtered through 
a No. 42 Whatman filter paper. The residue is washed with 40 ml. of cold water 
(a'C.). The residue on the filter paper is dissolved in about 40 ml. of absolute 
alcohol (contained in the original conical flask), the filtrate being collected in a 
weighed 50-ml. beaker. The alcohol is evaporated off in a hot oven maintained 
at 100°C. The dry beaker is allowed to cool in a desiccator. The increase of 
weight represents pregnanediol separated. 

NoTES.-In extensive investigation, it has been found that the excretion of pregnanediol 
hy the male is less than 1 mg. per clay, and in the female during the reproductive phase 
of life, the maximum is 4.5 to 6.5 mg. per day. In late pregnancy it has been found that 
pregnanediol as determined by this method agrees very closely adth the content of non- 
ketonic alcohols in the neutral steroid fraction. 


TOTAL PROTEINS 

(Serum and Spinal Fluid) 


Reagents. Biuret Keagent.— Dissolve 45 g. sodium potassium tartrate in approxi- 
mately 400 ml. of 0.2 NaOH (carbonate-free), add 15 g. copper sulfate (CuSO^* 
5HoO) and dissolve completely with stirring. Add 5 g. potassium iodide and make 
up to the mark in a liter volumetric flask with 0.2 N NaOH. 

Protein Standard.— A commercially standardized preparation of freeze-dried 
pooled human serum is used to prepare a series of known protein solutions cover- 
ing the desired range of concentrations to be used in plotting a calibration curve 
for the spectrophotometer. The protein value is indicated on the package insert 
ami is ready for use on the addition of distilled water. These known stand- 
ard dilutions are processed by the technique outlined below and read in a spectro- 
photometer at 450 m/x, using cuvets with a 1-cm. light path. The transmittance 
readings are plotted against the corresponding dilutions on semilogarithmic paper, 
lie curve should be checked frequently against a known protein solution. 
Procedure. Serum.— Measure 0.1 ml. serum into a test tube containing 4.9 ml. 
0 0.85% sodium chloride solution. Add 5 ml. of biuret reagent. Mix well and 
et stand approximately 30 minutes in a water bath at 30° to 32°C. Read in a 
‘'p'^cirophoiometer at 555 m/t using a reference blank made at the same time 
lonuunmg 5 ml. of 0.85% sodium chloride solution and 5 ml. of biuret rea«^ent. 
icnn the values from the calibration curve below. ” 

Calibration Curve. Protein Standards.-fl. 180 mg. protein per 100 ml. f9 cr. 

hrmlv''rT sample of serum and a volume M 

com,.m i htmian or animal serum and determine total protein 

)y macro- or nncro-Kjeldahl technique. Knowing the protein content. 
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measure into a 250-ml. volumetric flask a quantity of pooled serum containing 
0.45 g. of protein. Make up to 250'ml. mark with 0.85% sodium chloride. 

b. 140 mg. protein per 100 ml. (7 g. protein per 100 ml. based on the use of 
O.I-ml. sample of serum and a total volume of 10 ml.): Proceed exactly as above 
except measure into the 250*ml. volumetric flask a volume of serum containing 
0.35 g. protein. 

c. 80 mg. protein per 100 ml. (4 g. per 100 ml.); Proceed as above except meas- 
ure into the 250-mL volumetric flask a volume of serum containing 0.2 g. protein. 

Use 5 ml. of each dilution and 5 ml. of biuret reagent. Allow to stand in a 
water bath at 30® to 32®C. for 30 minutes and read transmittance of each as soon 
as possible in a spectrophotometer at 555 m/t or m a photometer with round cups 
and green filter. For spectrophotometer readings prepare a reference blank by 
adding 5 ml. of biuret reagent to 5 ml. of 0.85% sodium chloride and incubate 
with test. Repeat several times on new dilutions so that an average of the trans- 
mittance readings will make a straight line when plotted on semilogarithmic graph 
paper against the protein values in g. per 100 ml. 

Note.— N ormal values: G to 8 g. per 100 ml. (total protein). 

Spinal Fluid.— Centrifuge specimen for 10 minutes at 1500 r.p.m. Label a 
5-in. test tube “T” (test), another "B" (blank), and a third tube "S” (standard). 
Prepare only one blank and one standard for a series of specimens to be ana* 
lyzed. Place 1 ml. of centrifuged, clear, unhemolyzed spinal fluid in the tube 
marked “T.” Place 1 ml. of standard and 1 ml. of distilled water in their ap- 
propriate tubes. Stopper each lube witli a clean rubber stopper and mix by in- 
version. Add 3 ml. of 3% sulfosalicylic acid to eacJi tube. Allow tubes to stand 
for 10 minutes. Mix again by inversion. Read in a spectrophotometer at 450 nv 
(use cuvets with a 1-cm. light path). 

Calculations.— 

Absorbance of test ^ a -j 

; — : X conc. of standard = rag. protein per 100 ml. spinal liuifl 

Absorbance of standard ^ 

Notes.— Normal values: 20 to 40 mg. per 100 ml. 

Methods designed for the analysis ot serum proteins lack sensitivity when applied to 
the analysis of the small piotein content of body fluids. In addition, urine and body 
fluid exudates contain chiomogens and other materials which may affect the standard 
conditions used for analysis of serum protein. Specific methods for the analysis of body 
fluids include lurbidimciric analysis by organic acids (trichloracetic acid, sulfosalicylic), 
the measurement of specific amino acid content by Folin Cicalleau reagent, or various 
dye techniques. 

The method outlined here utilizes sulfosalicylic acid which precipitates protein in fine 
clumps, the turbidity of which is proportional within a limited range to protein con- 
centration. The turbidity produced by albumin is about twice that for globulin. Al- 
bumin is the predominant protein in spinal fluid and all other body fluids. 


ALBUMIN AND ALPHA, BETA, AND GAMMA GLOBULINS 
(Serum) 

Reagents. Stock Phosphate Solution: 3.33 M, pH 6.5.— Add 2268 g. of potas- 
sium phosphate, monobasic ("Sorensen's potassium phosphate’— KHaPO^) to about 
4000 ml. of solution containing 335 g. of sodium hydroxide. Shake or stir until 
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completely dissolved, cool to room temperature, then dilute to 5000 ml. or add 
^ntcr until the final weight of the solution is 6675 g. , . . 

Dilute Phosphate Solutions.-l. Weigh 1235 g. of stock phosphate solution into 
a 1000-ml. volumetric flask. Dilute to the mark with distilled water. 

\Vei”h 1000 g. of stock phosphate solution into a 1000-ml. volumetric flask. 

Dilute to°the mark with distilled water. . n , 

3. Wemh 785 g. of stock phosphate solution into a 1000-ml. volumetric flask. 

Dilute to die mark with distilled water. 

•1. IVei^h 625 g. of stock phosphate solution into a 1000-ml. volumetric flask. 
Dilute to the mark with distilled water. 

Procedure.— Set up five colorimeter tubes marked B (blank), 1, 2, 3, and 4. Into 
tube B measure 10 ml. of distilled ivater and into the other tubes measure 10 ml. 
of the corresponding numbered dilute phosphate solution. Now measure 1 ml. of 
senun and 1.5 ml. of water into a small test tube. Add 7.5 ml. of stock phosphate 
solution, allowing it to flow directly into the diluted serum. Invert the tube five 
or six times to mix, then transfer 1 ml. of the mixture to each of the previously pre- 
pared colorimeter tubes, again allowing the serum-phosphate mixture to flou' directly 
into the solution in the colorimeter tubes. Mix the contents of eacli tube thor- 
oughly by rotating or inverting the tube, but avoid vigorous shaking. Allow to 
stand for about 15 minutes, dten measure the absorbance of tubes I, 2, 3, and 
■I at 650 m/i, using tube B to set the spectrophotometer at 0 absorbance (100% T). 

Calculations.— Absorbance of tube number 1 times F equals total protein. Ab- 
sorbance of tube number 1 minus the absorbance of tube number 2 times F 
ujuals albumin. Absorbance of tube number 2 minus the absorbance of tube 
mnnber 3 times F equals alpha globulin. Absorbance of tube number 3 minus the 
absorbance of tube luiraber 4 times F equals beta globulin. Absorbance of tube 
number 4 times F equals gamma globulin. 

Calibration,— The factor F used in the above calculations must be determined 
for the particular type of spectrophotometer used. Obtain a samjjle of clear, 
normal human serum. Determine tire total protein content of this serum by any 
accurate, convenient method. Carry the serum through the previously given pro- 
cedure, using the blank and tube number 1 only (in triplicate). Divide the total 
protein of the serum by the average optical density of tube number 1 to give 
factor F. 


SALICYLATE 

(Serum, Plasma, Whole Blood) 

lieageuts. Isotonic Sodium Sulfate (2% Na^SO j- 10H.,O). 

Idi'c p-Nitraniline in 5 rY Hydrochloric Acid. 

-Standard Salicylate Solution (50 mg. sodium salicylate dissolved in 100 ml. water). 
Stoic in the refrigenuor. 

f’rocednre.-Serum. plasma, or whole blood, 0.2 ml. is mixed with 6.6 ml. of 
^niomc sodium sulfate. Then 0.6 ml. of 10% (wt./vol.) zinc sulfate solution fol- 

au i\ 0 (5 jup 0 5 sodium hydroxide are added to precipitate the proteins, 
an the mixture is filtered. A Whatman No. I paper is suitable. A standard and a 
ti V car lied through simultaneously with the unknown by substituting 

um! tmd 0.2 ml. of isotonic sodium sulfate for the blood, 
ni . q{ fdiratc are mixed with 0.8 ml. of p-niiraniline solution. The solu- 
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tion is chilled in ice water. Sodium nitrite solution (10% wt./voL), 0.6 ml., is added, 
and, after standing in ice water for 2 to 3 minutes, Uie solution is made alkaline by 
adding 1.2 ml. of 4 A/ sodium hydroxide. The colors develop immediately and are 
stable for a considerable time. They can be measured in a spectrophotometer at a 
500-mM setting. 

Calculation.— 


Cone, unknown = 


absorbance unknown ^ , , , 

: ; — - X cone. Standard 

absorbance standard 


Note —Therapeutic level is 30 to 45 mg. per 100 ml. 

Since onl> small traces of salicylates are present in the red cells, whole blood le\e]$ 
.ire lower than the corresponding plasma letcls. The former, however, can be converted 
to the latter, to a close approximation, by the use of the equation: 

P i. 

100 - H 

w'here P and B are the plasma and whole blood levels in milligrams per 100 ml. and H 
is the hematocrit. 


SODIUM AND POTASSIUM 
(Scrum) 

SODIUM 

lleagent^. Uranyl Zinc Acetate Reagent.— Solution A. To SB.5 g. o£ reagent 
grade uranyl acetate are added about 200 ml. of distilled water and 7 ml. of glacial 
acetic acid. The acetate is dissolved by gently heating and stirring. The solution 
is then cooled and diluted to 250 ml. in a volumetric flask. 

Solution B. To 115.4 g. of reagent grade zinc acetate are added about 200 ml. 
of distilled water and 3.5 ml. of glacial acetic acid. The acetate is dissolved by 
gently heating and stirring. The solution is then cooled and diluted to 250 ml. 
in a volumetric flask. 

The two solutions (A and B) are heated in separate beakers to 80® or 90*C, 
While hot, the mixture is placed in an incubator at 37*C. for 48 hours and is 
occasionally shaken. Owing to sodium impurities in the reagents, a precipitate 
of uranyl zinc sodium acetate usually forms and settles out. If no precipitate 
appears, 0.2 g. of precipitated uranyl zinc sodium acetate, as below, is added to 
saturate the solution with this triple salt. The solution is kept in the incubator 
and remains good indefinitely. 

About 1 hour before use, the solution is removed from the incubator and ah 
lowed to come to room temperature. The bottle is shaken and as mucli solution 
as is needed is filtered off immediately before use. 

Uranyl Zinc Sodium Acetate.— A small amount of the triple salt may be pre- 
pared by adding 15 ml. of tlie uranyl zinc acetate reagent to 1 ml. of a 5% solution 
of reagent grade sodium chloride. Five milliliters of 95% alcohol is added m 
small portions. The mixture is filtered with suction in a Gooch crucible. T le 
precipitate is washed four times with' 5-ml. portions of 95% ethyl alcohol, fo • 
lowed by four washings with 5-ml. portions of ethyl ether. The salt is then ^^5.. 
in a desiccator, containing calcium chloride, for at least 1 hour. The dry salt wi 
keep indefinitely. 
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\lcohol \Vash Solution.— Ninety-five per cent ethyl alcohol is saturated with 
uranyl zinc sodium acetate. This solution is stored in the incubator at 37°C. 
About I hour before use. it is brought to room temperature and shaken occasion- 
ally. It is filtered just before use. 

Procedure each set of serum measurements, simultaneous measurements 
are made on standard salt solution and a reagent blank. All measurements are 
made in duplicate or triplicate. One milliliter of serum is placed in a 3-in. porce- 
lain evaporating dish. One milliliter of 4 rV 142^0^ and one drop of 1.25% 
(wt./vol.) ferric sulfate solution are added to each dish. The dishes are placed 
on a steam bath (or a sand bath) until the mixture becomes a dark syrupy liquid 
(1 or 2 hours). The dishes are then placed in a cold electric furnace, gradually 
raising the temperature to 550“ to 600“C. This heat is maintained for 1 hour or 
until ashing is completed. There will be a red discoloration in the salt solution 
owing to excess iron. The dishes are allowed to cool to room temperature and 
the ash is transferred quantitatively to a graduated 25-ml. centrifuge tube. Trans- 
fers are made by washing four to 5 times with 4-ml. portions of distilled water*. 
The solution is diluted to the 25-ml. mark and mixed. 

After centrifuging for 5 minutes at about 2500 r.p.m., 20 ml. of the supernatant 
iluid are placed in a 50-mI. Pyrex beaker and evaporated to dryness in a drying 
o\en at 1I0“C. Porous glass Gooch filter crucibles of 15-ml. capacity i are placed 
in filter funnels over 500-ml. filter flasks. (It is advisable to have the crucibles 
thoroughly cletmed with HCl beforehand and rinsed with distilled water.) The 
Gooch crucibles are prepared by washing once with water, three times with 2 ml. 
of alcoholic wash solution saturated with uranyl zinc sodium acetate, and three 
limes with 2 ml. of ether. Air is suctioned through the Gooch crucibles for 10 
niitiutes, following which they are placed in the desiccator for approximately 20 
minutes and weighed. 

To the dried extract of the ashed serum, 10 ml. of freshly filtered uranyl zinc 
acetate are added. The solution is mixed and allowed to stand for 30 minutes in 
a vessel containing water at room temperature. The contents of the beaker are 
filtered through the previously weighed Gooch crucible. (The procedure of filtra- 
tion must be ctirried out at approximately constant temperature in order to avoid 
clianges in solubility of the uranyl zinc sodium acetate.) The beaker and pre- 
cipitate are washed ten times with 2 ml. of freshly filtered alcohol wash solution. 
Ihe precipitate in the Gooch crucible is then washed three times w'ith 2 ml. of 
ether. Suction is continued until the precipitate is thoroughly dry. The filter 
ami precipitate are placed in a desiccator containing calcium chloride. The pre- 
cipitate is dried for at least one-half hour. The precipitate in the Gooch crucible 
is Weighed on an analytical balance. 

(^tltulations.— The precipitate of uranvl zinc sodium acetate contains 1 
of sodium. ' • • /o 

\Vt. of precipitate in grams X 186fl = mg. Na per 100 ml. of serum. 

\t. of precipitate in grams X 813 = milliequivalents of Na per liter of serum. 

Correction is made for the blanks. 

Non.,— Normal values: K5.5 to 112 millievinivalenls per liter. 

N- H. 1 lumia.s Co.. .No. U ll-C are .saiisfactory. 
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POTASSIUM ' 

Reagents. Tetraphenylboron Solution.— Exactly 5 g. of sodium tetraphenylboron 
reagent are dissolved in 50 ml. of distilled water, and transferred to a 100-ml. 
volumetric flask. Ten milliliters of 0.1 N NaOH are added and the solution is 
diluted to the mark. The solution should be virtually clear— the development of 
turbidity results either from contamination with potassium or from deterioration 
of the tetraphenylboron reagent. The tetraphenylboron solution is stable for at 
least one week at room temperature. 

Alkaline EDTA Solution.— Seven and one-half grams of ethylenediaminetetra- 
acetic acid, disodium salt, are transferred to a 500-ml. volumetric flask. Forty- 
four milliliters of 1.0 A’ NaOH arc added, and the solution is diluted to the 
mark with distilled water. This solution is stable for ai least two weeks at room 
temperature. 

Formaldehyde Solution.— Formalin (37% formaldehyde) is diluted 1:1 with dis- 
tilled water. 

Mixed Alkaline EDTA-Formaldehyde Solution.— Tlris solution is prepared fresh 
by mixing 2 parts of alkaline EDTA solution with 1 part of formaldehyde solution. 

Gum Ghatti Solution.— Ten grams of gum ghatti tears are placed in a bag 
made of a double layer of gauze. The bag is suspended in a beaker containing 
400 ml. of distilled water, upper surface of the water just covering the contents of 
the bag. After Icavitig it overnight, the bag is removed and discarded. The 
solution is mixed, allowed to stand for several liours, and then decanted and, if 
necessary, filtered. 

Potassium Standard Stock Solution.— Into a Miter volumetric flask, 0.3728 g. 
of fused potassium diloride is carefully transferred and diluted to the mark with 
distilled water. The resultant stock solution contains 5 millicquivalcnts of potas- 
sium per liter. 

Potassium Standard Working Solutions.— Zero-, 2-, 4-, 6-, 8-, and lO-ml. samples 
of the potassium, standard stock solution are transferred to 5Q-ml. volumetric flasks. 
Twenty-five milliliters of the 8% trichloracetic acid solution are added to each 
flask and the contents are diluted to the mark with distilled water. When em- 
ployed as outlined in the procedure, these standards correspond to concentrations 
of serum potassium of 0, 2, 4, 6, 8, and 10 milliequivalents per liter, respectively, 
and these standards are used in constructing the calibration curve. 

Procedure.— Trichloracetic acid filtrates of serum are prepared by adding 5 ml. 
of 8% trichloracetic acid solution to 1 ml. of serum in a 10-ral. volumetric flask 
or calibrated tube. The contents are diluted to the mark with distilled water. 
After standing for 10 minutes, the contents are filtered through Whatman No. 40 
filter paper. Three milliliters of tlie mixed alkaline EDTA-formaldehyde solution 
are transfened to each of the colorimeter cuvets. One-milHHter samples of the 
0, 2, 4, 6, 8, and 10 milliequivalents per liter potassium working standards, and 
1 ml. of tlie tricliloracetic acid filtrates of seiura are transferred to tlieir respective 
cuvets. Three drops of gum ghatti are added to each tube, and the contents are 
mixed. One milliliter of tetraphenylboron solution ii added lapidly to eacli cuvet 
by blowing vigorously with an Ostwald-Folin blow-out pipet. The contents are 
mixed by swirling and allowed to stand for 15 minutes. Absorbance readings 
are made at 420 m^ within 15 to 30 minutes after mixing. 

Calculation.— A calibration chart is constructed by plotting the values for absor 
ance as ordinate, and the concentration of potassium as abscissa. The concen- 
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tration of potassium iii the unknown serum is obtained by reference to the stand- 
ard curve. 

NoTE.-Normal values: 4.5 to 5.5 milliequivalents per liter. 


SULFONAMIDES 

(Serum, Spinal Fluid, Urine) 

Reagents. n-(l-Naphthyl)-ethylenediamine Dihydrochloride, 0.2% Solution.— 
Dye obtainable from Eastman Kodak Company, Rochester, N. Y. Keeps about 2 
months in a brown bottle in the refrigerator. Do not use after it turns brown. 

Procedure.— Place 0.5 ml. of serum in a test tube. Add 10 ml. of 10% trichlor- 
acetic acid. Shake well and let stand 2 minutes. Centrifuge the test tube until 
the supernatant fluid is clear. To 1 ml. of the supernatant fluid add 2 ml. of dis- 
tilled water. Add 1 ml. of 0.25% sodium nitrite solution. Prepare fresh daily. 
Mi.v well and let stand 3 minutes. Add 1 ml. of 1% ammonium sulfamate solu- 
tion. Mix well and let stand 2 minutes. Add 1 ml. of 0.2%, ethylenediamine di- 
hydrochloride solution. Shake vigorously. .Read in the spectrophotometer at 540 
mu. Obtain sulfonamide values in mg. per 100 ml. from calibration curve. 

Calciilation.-It is desirable to use calibration curves based on standards made 
from the drug being determined. If, in emergency, it is necessary to use a cali- 
bration curve made from a sulfa drug other than that used in the determination, 
the results must be multiplied by a factor based on the following formula: 


Molecular weight of drug being determined _ 

Molecular weight of drug used for curve 

To correct for the drug lost in precipitation of proteins with trichloracetic acid, 
multiply the results obtained for sulfapyridine (if more than 5 mg. per 100 ml.), 
and tor sulfathiazole by the factor 1.10. 

Calibration Curve.— Sulfonamide stock standard solution (1 ml. = 0.5 mg.); Dis- 
solve exactly 50 mg. of the pure sulfonamide powder {not tablets) in about 80 
ml. of hot distilled water. Should the drug dissolve with difficulty, add 1 ml. of 
1 iV sodium hydroxide. Cool and dilute to volume with distilled water in a 
100-ml. volumetric flask. This solution keeps indefinitely in the refrigerator. 

From the stock standard solution make the following dilutions with distilled 
water in 50-ml. volumetric flasks: 


Stock 

Standard 


Distilled Mg. per TOO ml. Sulfa. 
Water to Represented 


1 ml. 

50 ml. 

2 ml. 

50 ml. 

6 ml. 

50 ml. 

10 ml. 

50 ml. 

20 ml. 

50 ml. 

28 ml. 

50 ml. 


1 

2 

6 

10 

20 

28 


0 0.5 ml. of each dilution, add 10 ml. of 10% trichloracetic acid. Mix well. 
0 1 ml. of the mixture add 2 ml. of distilled water. Proceed as outlined above, 
‘■peat several times on new dilutions made from new stock standards. Average 
te transmittance readings for each dilution and plot on semilogarithmic graph 
tlm f’S- per 100 ml. of the sulfonamide used. The solubility of some of 

stand-, i^ecessary to use a 20 mg. per 100 ml. stock 
‘lilute sfuU accordingly the amounts used to make the 
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Sulfonamide 

Optimum 

Blood 

Level, 

mg. 100 per ml. 

Molecular 

VVeight 

Solubility * 

Sulfanilimide 

10-15 

172 

1480 

Sulfapyridine 

5-10 

249 

54 

Sulfathiazole 

4-10 

255 

96 

Sulfadiazine 

8-15 

250 

12.3 

Sulfamerazine 

10-15 

265 

170.0 

Sulfaguanidine 

3-5 

232 

220.0 

Sulfasuxidine 

3 

355 

20.8 

Sulfathalidine 

1.5 

403 

Pract. insol. 


* Mg. per 100 ml. HjO at 37.5*C. and pH 7,1. 

TRANSAMINASES 

SERUM GLUTAMIC OXALOACETIC TRANSAMINASE (SGO-T) 
AND SERUM GLUTAMIC PYRUVIC TRANSAMINASE (SGP-T) 
(Serum) 

Reagents. Aipartate-Glumrate Substrate (Alpba-ketogJutaratet 2 znillifflolej 
per liter, d/-aspariate 200 millimoles per liter).— Place 29.2 mg. of alphaAetoglu* 
taric acid and 2.66 g. of d/-aspariic acid in a small beaker. Add I N NaOH until 
the solution is complete. Adjust to a pH of 7.4 witli NaOH, transfer quantita- 
tively with 0.1 M phosphate buffer (pH 7.4) to a 100-ml. volumetric flask and 
dilute to the mark with buffer. 

2,4-DinitropheiiylhydraztDe (1 millimole per liter).— Dissolve 19.8 mg. of 2,4-di- 
nitrophenylhydrazine in 100 ml. of I HCI. 

Standard Solution (Pyruvate, 2 millimoles per liter).— Dissolve 22 mg. sodium 
pyruvate in 100 ml. of 0.1 xM phosphate buffer (pH 7.4). 

Alanine-AIpha-ketoglutarate Substrate (Alpfaa-ketoglutarate, 2 millimoles per 
liter, dl-alaniiie 200 millimoles per liter).— Place 29.2 mg. of alpha-ketogluiaric 
acid and 1.78 g. of di-alanine in a small beaker. Add 1 N NaOH until solution 
is complete. Adjust to pH 7.4 with NaOH, transfer quantitati\ely with 0.1 
phosphate buffer to a 100-ml. volumetric flask, and then dilute to die mark with 
buffer solution. 

Procedure. SGO-T.— Place 1 ml. of aspartate-glutarate substrate in a spectro- 
photometer curet (19 by 105 mm.) (one tube for each specimen) and place in 37* 
water batli and allow it to warm to desired temperature (37*0.). This takes 10 
to 15 minutes. Add e.xactly 0.2 ml. of serum to the substrate. Sliake gently to 
mix and replace in tlie water bath. Exactly 60 minutes after adding serum, add 1 
ml. of 2,4-dinitrophenylJijdrazinc reagent. (This stops activity and starts the color 
reaction.) Shake gently and leave at room temperature. After 20 minutes, add 
10 ml. 0.4 xY sodium hydroxide (develops color). Mix by inversion using clean 
rubber stoppers. Let stand for 30 minutes and then read absorbance at 505 
niM in the spectropliotometer using distilled water as a reference. 
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Determine units of activity of SGO-T of the serum from the calibration curve. 
If the value is greater than 182 units per ml. of serum, repeat test after diluting 
serum with disdlled ivater (1 ml. serum in 9 ml. of water). Value obtained with 
diluted serum is multiplied by 10 to get the correct value of SGO-T units per 
milliliter of serum. 

SGP'T.-Place 1 ml. of alanine-alpha-ketoglutarate substrate m a spectrophotom- 
eter cuvet (19 by 105 mm.) and place in a 37° water bath and allow it to warm 
to desired temperature (37°C.). Add exactly 0.2 ml. of serum to the substrate. 
Shake oently to mix and replace in the water bath. Exactly 30 minutes after add- 
iiw serum, add 1 ml. of 2,4-dinitrophenylhydrazine reagent. Shake gently and 
leave at room temperature. After 20 minutes, add 10 ml. of 0.4 N NaOH. Mix 
by inversion using clean rubber stoppers. Let stand for 30 minutes and then 
read absorbance at 505 rail in the spectrophotometer using distilled water as a 
reference. 

Determine die units of activity of the SGP-T of the serum from the calibration 
curve for SGP-T. Prepare the calibration for SGP-T as for SGO-T, substituting 
alanine-alpha-ketoglutarate substrate for aspartate glutarate substrate. 

Calibration Curve.— Into spectrophotometer tubes, pipet the solution as indi- 
cated below. 


Tube 

No. 

Std. 

Soln., 

ml. 

Prepared 

Substrate, 

ml. 

Water, 

ml. 

Units SGO 
Trans- 
aminase per 
MI. Serum 

Units SGP 
Transaminase 
per MI. Serum 

1 

0 

n 

0.2 

0 

0 

2 

mSM 


0.2 

20 

23 

3 



0.2 

55 

50 

4 


0.7 

0.2 

95 

83 

5 

0.4 

0.6 

0.2 

148 

125 

6 

0.5 

0.5 

0.2 

216 

— 


-\dd 1 ml. of 2,4-dinitrophenylhydrazine reagent to each tube. Shake gently 
and allow to stand for 20 minutes at room temperature. Add 10 ml. of 0.4 N 
N'aOH to each tube. Mix by inversion using clean rubber stoppers. Thirty min- 
utes after adding the NaOH, read and record the absorbances using water as 
reference at 505 m^. Plot a calibration curve of absorbances vs. the correspond- 
uig units of transaminase. It will not necessarily be a straight line. 

Notes.— 

SGO-T SGP-T 

Unils per Units per 

All. Serum All. Serum 


Normal values 8-40 5-35 

Borderline 40-50 35-45 

Elevated Over 50 Over 45 

Post infarction 40-200 40-100 

Liver necrosis 2000 Over 100 


Normal values (Mo lander et al.) 
!ar\ cirrhosis, 57 to 330 ; and vira 


arc 5 to 40 units; Laennec’s 
hepatitis, 540 to 1890 units. 


cirrhosis, 13 to 286 units; 
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TRYPSIN (PROTEINASE) 

(Duodenal Contents) • ' 

Reagents. 0.2 M Phosphate Buffer, pH 7.2. 

5% Casein Solution.— Suspend 5 g. casein (Merck, according to Hammarsten) 
in about 50 nil. of water and then add 40 ml. of 0.1 N NaOH and sufficient water 
to make a total of 100 ml. This solution should be refrigerated and should be 
prepared fresh about every two weeks. 

Digestion Mixture — Prepared as for non-protein nitrogen determination. 

Gum Ghatti.— Prepared as for non-protein nitrogen determination. 

Nessler’s Solution.— Prepared as for non-protein nitrogen determination. 

Nitrogen Standard.— 0.283 g. ammonium sulfate made up to 1000 ml. with water 
(0.3 mg. of nitrogen in 5 ml.). 

Procedure.— Make a 1:50 dilution of duodenal contents as follows: 1 ml. duo- 
denal contents is made up to 50 ml. by adding 10 cc. of buffer, pH 7.2, and distilled 
water. 

Add 3 ml. of casein solution, 3 ml. of water, and 3 ml. of phosphate buffer to 
a test tube. Warm in water bath (38*0.) for .j minutes. Add 1 ml. of 1:50 dilu- 
tion duodenal contents. Mix tlioroughly. Incubate in 38*C. water bath for 30 
minutes. Add 2 ml. of 20% trichloracetic acid. Filter. Place an aliquot (usually 
3 ml.) of filtrate in an N.P.N. tube and proceed as for usual non-protein nitrogen 
determination. 

Add 5 ml. of casein solution, 5 ml. of water, and 3 ml. of phosphate buffer 
solution (blank) to a test tube. Warm in water bath (38®C.) for 5 minutes. Incu- 
bate in 38"C. water bath for 30 minutes. Add 2 ml. of 20% trichloracetic acid. 
Add I ml. of duodenal contents (1:50 dilution). Filter. Place 3 ml. of filtrate 
in an N.P.N. tube and proceed as for usual non-protein nitrogen determination. 

To prepare the standard, place 5 ml. standard solution in an N.P.N. tube. Add 
1 ml. of digestion mixture. Add 1 ml. of gum ghatti. Dilute to 35 ml. with 
w'ater. Add 15 ml. of Nessler’s reagent. Do not boil the standard. 

Calculation.— 


Mg. per 100 ml. standard 12 ^q 3 

Mg. per 100 tnl. unknown aliquot 


= mg. nitrogen produced in digestion 


Test — blank X 21.3 = trypsin expressed as % of average normal 

Notes.— Normal values: tr)psin 45% to H8% of average normal. The sample lo be 
3nal>zed is refrigerated from the time it is obtained from the patient to the time the 
analyses are to be made. Repented studies have indicated that there is no signifiunt 
alteration in enzyme activity of duodenal contents during a period of 24 hours, provioed 
the sample is not strongly acid due lo contamination with gastric juice. In such cases 
the results are quite unreliable even though the analyses are made immediately. 


UREA NITROGEN 
(Serum and Urine) 

Reagents. Stock Urea Nitrogen Standard.-Dissolve 64.2 mg. of urea, c.p., in 
distilled water. Dilute to 100 ml. with water in a volumetric flask. Mix we • 
One gram of urea nitrogen corresponds to 2,14 g. of urea; tlierefore, 30 rag. ot 
urea nitrogen corresponds to 64.2 mg. of urea. 
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Diacetylmonoxime Reagent.-Dissolve 1 g. of diacetylmonoxime (Eastman No. 86) 
in 100 ml. of 5% acetic acid. Discard when a discoloration or precipitate appears. 

Store in a brown bottle at room temperature. 

Arsenic-Hydrochloric Acid Oxidizing Mixture.— Dissolve 10 g. of crystalline ar- 
senic acid (HgAsO^, B Sc A Reagent) in 100 ml. of concentrated HCI and allow to 
stand until clear. 

Procedure. Serum.— Into a small Erlenmeyer flask pace 8 ml. of 0.083 . . . N 
sulfuric acid and 1 ml. of serum, rinsing put the pipet by drawing in and ex- 
pelling some of the mixture several times. Mix the contents of the flask by gentle 
rotation until the fluid is uniformly black-brown. Add 1 ml. of 10% sodium 
tunastate drop by drop -svhile constantly but gently rotating the flask. Mix tvell. 
Add 10 ml. of distilled water and mix thoroughly. This is a 1:20 dilution. Filter 
and place 2 ml. of filtrate in a 20-ml. graduated test tube (Myers-Bailey Tube). In 
another 20-ml. graduated test tube place 2 ml. of distilled water. This is die 
blank. Add 2 ml. of diacetylmonoxime reagent and mix well. Add 8 ml. of 
arsenic-hydrochloric oxidant and mix well. Add 2 ml. of distilled water and 
mix well. Place in a boiling water bath for 20 minutes, covering the mouth of 
the tubes with marbles. Cool under running tap water for 3 minutes. Adjust 
the volume to 10 ml. with distilled water. Measure the transmittancy of the sample 
against the reagent blank set at 100% T at a wavelength of 475 m^ and obtain the 
concentration of urea nitrogen from the calibration curve. Use cuvets, 12 by 
75 mm. 

Urine.— Filter a small portion of a thoi'oughly mixed urine specimen. Place 
5 ml. of the filtered urine in a 100-ml. volumetric flask and dilute to volume with 
distilled water. Proceed as for blood, using 1 ml. of the 5:100 dilution instead of 
tlie blood. Multiply the value from the calibration curve for blood by 20 to 
obtain the concentration of urea nitrogen (mg.) in 100 ml. of urine. 


Urea nitrogen (mg./lOO ml.) 
1000 


X 


volume (24-hour sample) 
100 


X 2.14 = urea (g./24 hours) 


For concentrations of urea nitrogen less than 200 mg. per 100 ml., use 10 ml. of 
urine above and multiply the values obtained from the calibration curve for 
blood by 10; for concentrations in excess of 1000 mg. per 100 ml., use 2.5 ml. of 
urine and multiply tire values obtained by 40. 

Calibration Curve.— Into a 100-ml. volumetric flask place 10 ml. of stock urea 
standard (0.3 mg. per ml.), and dilute to volume with distilled water. This dilute 
standard represents 0.03 mg. per ml. urea nitrogen. Prepare just before use. 

In a series of five accurately calibrated 20-ml. graduated test tubes, place, re- 
spectively, 0, 0.5, 1, 1.5, and 2 ml. of dilute standard; and 2, 1.5, 1, 0.5 and 0 ml. 
of distilled water, respectively, bringing the rmlume in each tube to 2 ml. These 
standards represent concentrations of urea nitrogen equivalent to 0, 15, 30, 45, 
and 60 mg. per 100-ml. sample. Treat each calibration standard exactly as'out- 
hned above. Set the zero concentration standard at 100% T at a wavelength of 
/a and record the transmittancy of the 15, 30, 45, and 60 mg. per 100 ml. 
brat- observed values on semilogarithmic paper and prepare a cali- 

A n«” linear only to approximately 50 mg. per 100 ml. 

V calibration curve is required each time new reagents are made up. 

Note.— ^ onnal values: 9 to 17 mg. per 100 ml. of serum. 

20 to 30 g. per 24-hoiir urine specimen. 
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URIC ACID 
(Serum and Urine) 

Reagents. Uric Add Reagent.— Place 100 g. of molybdenum-free sodium tung- 
state, 70 ml. of phosphoric acid, and about 700 ml. of distilled water in a 1000 ml. 
Erlenmejcr Rask. Boil gently for 2 hours under a reflux condenser. Cool and 
dilute to I liter. 

Stock Standard Uric Acid Solution (I ml. = 1 mg. uric acid).— Accurately weigli 
1 g. of uric acid and transfer it to a liter volumetric flask by means of a dry funnel. 
Place about 0.6 mg. of lithium carbonate in a beaker containing 150 ml. of dis- 
tilled water and shake until dissolved, about 5 minutes. Filter the carbonate solu- 
tion and heat the filtrate to 60®C. Witli tlte hot carbonate solution rinse the uric 
acid into the flask and shake immediately. The flask may be heated additionally 
under hot running water. The Utliium carbonate solution is not always clear 
esen when filtered. This turbidity should not be mistaken for undissolved uric 
acid, which might result in unnecessary warming and shaking. In 5 minutes the 
uric acid should .ill be dissolved. Shake the flask under cool running water widi- 
out undue delay. Add 20 ml. of c.p. formalin and half fill tlie flask with water 
and shake thoroughly. Add 3 ml. of glacial acetic acid. Shake and dilute to 1000 
ml. Keep in tightly stoppered brown bottle in the daik. Keeps about one year. 

Dilute Standard Uric Acid Solution (5 ml. » 0.025 mg. uric acid).— Dilute 1 ml. 
of stock standard uric acid solution to 200 ml. in a volumetric flask. Add 3 ml. 
of chloroform. Prepare fresh once a month. (Use to make calibration curve 
dilutions.) 

Procedure. Serum.— Prepare a protein-free filtrate as follows: Place H ml. of 
water in a 50-ml. Frlenmeyer flask; add 2 ml. of 10% sodium tungstate; add 2 ml. 
of serum: mix; add slowly, witli rotation, 2 ml. of 0.666 . . . N sulfuric acid; 
mix well; let stand 30 minutes, and filter. Place 10 ml. of filtrate in a 5Q-ml. Erleii- 
meyer flask. Add 5 ml. of distilled water. Add 5 ml. of 5% sodium cyanide solu- 
tion. Add 0.5 ml. of uric acid reagent. Mix. Let stand 20 minutes. If cloudy, 
centrifuge for 5 minutes. Read in the spectrophotometer at a wavelength of 550 in/*. 
Set up a blank using 15 ml. of water, 5 ml. of 5% sodium cyanide, and 0.5 ml. 
of uric acid reagent. 

Urine.— Measure total volume of urine. Make a 1:20 dilution of urine with 
distilled water. Place 10 ml. of the dilution in a 50-nil. Erlenmeyer flask and pro- 
ceed as above. 

Calculations.— Obtain values for uric acid in blood in mg. per 100 ml. from cali- 
bration curve. For urine, values taken from the calibration curve must be cor- 
rected for dilution and total volume of urine. 

Calibration Curv’e.— In each of four 50-inl. Erlenmeyer flasks place the following: 



Dilute Uric 

Distilled 

Mq.per WO ml. 


Acid Std., 

Water, 

Uric 

Flask 

ml. 

ml. 

Acid 

1 

2 

13 

1 

2 

4 

11 

2 

3 

8 

7 

4 

4 

12 

3 

6 
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To each flask add 5 ml. of 5% sodium cyanide solution. Mix. To each add 
0 5 ml. of uric acid reagent. Mix. Allow to stand for 20 minutes. Read in the 
spectrophotometer at a wavelength of 550 using a blank made of 15 ml. of dis- 
tilled water, 5 ml. of 5% sodium cyanide solution, and 0.5 ml. of uric acid reagent. 
Repeat several times with new dilutions so that an average of the readings tvill 
make a straight line when plotted on semilogarithmic graph paper. Plot average 
readings on semilogarithmic paper against uric acid values in mg. per 100 ml. 

Noifs.-Normal values; 2 to 4 mg. per 100 ml. serum. 

0.4 to 1 g. per 24-hour urine. 

Substances in the blood other than uric acid, such as ergothioneine and glutathione, give 
this bine color, but these are eliminated to a large extent by using serum for the test. 


UROBILINOGEN 

(Urine and Feces) 

Reagents. Modified Ehrlich’s Reagent.-Place 0.7 g. of pure paradimethyl- 
aminobenzaldehyde in a 500-ipl. Erlenmeyer flask. Add 75 ml. of concentrated 
hydrodiloric acid and 75 ml. of distilled tvater. 

Stock Standard Dye Solution.— Pontacyl Carmine 2B, 5 mg.; Pontacyl Violet 
b R (150%), 95 mg. Make up to 1 liter with 0.5% acetic acid. (Obtain the dyes 
from E. 1. du Pont de Nemours Company, Wilmington, Delaware.) 

Procedure. Urme.— Collect 24-hour specimen in a brown 1-gallon bottle con- 
taining about 100 ml. of petroleum ether and 5 g. of finhydrous sodium carbonate. 
Shake specimen to mix and measure the volume of urine after separation of the 
petroleum ether which has been added as a preservative. Place 50 ml. of urine 
in a 125-Erlenmeyer flask and add 25 ml. of freshly prepared 20% ferrous sulfate 
solution. Add 25 ml. of 10% sodium hydroxide with thorough mixing. Let stand 
1 liour in the dark and then filter. (The remainder of the test must not be car- 
ried out in a brightly lighted room because light will destroy some of the uro- 
bilinogen.) 

Prelhninary Test,— Place 2 to 3 ml. of the filtrate in a test tiibe and acidify with 
•ui etpial amount of modified Ehrlich’s reagent. Add 4 to 6 ml. of a saturated 
-'Olution of sodium acetate and notice the intensity of the developing color. If 
the color is very intense, use 1 ml. of the filtrate in the quantitative determina- 
tion: if moderately intense, use 2 ml.; if pale-red, use 5 to 10 ml.; if faint, use 15 
to 25 ml.; if absent, use 50 ml. 

biiuie die amount of filtrate decided upon to 25 ml. (if less than that amount) 
and place in a small separatory funnel. Cover with approximately 50 ml. of 
puie petroleum ether which has been acidified with 5 ml. of glacial acetic acid, 
nniiediaiely shake the mi.xture vigorously for several seconds. Allow the pe- 
trokum ether to separate; if an emulsion forms, it can be broken by the addition 
n more acetic acid or 1 to 2 ml. of 95% alcohol. Collect the aqueous fraction in 
‘'nuther separatory funnel; then decant the petroleum ether into a clean separa- 
^nry fuiuiel. Extract the aqueous fraction twice more with 25-ml. portions of 
puroleuni ether which is decanted as described above. Wash the combined pe- 
^^0 turn ether extractions once with a small amount of distilled water. Discard 

urobilinogen from the peuoleum ether by vigorously 

.rnig for 1 minute with 2 ml. of Ehrlich’s reagent. .Add 6 ml. of saturated 
<^‘»ns solution of sodium acetate which brings out the. maximum color in the 
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aqueous solution. Shake vigorously. Separate the colored solution into a 100 ml. 
graduated cylinder. Again shake tlie petroleum ether with the same amount o( 
Elirlich’s reagent and sodium acetate solution and add the colored solution to 
the abo\e. If more than a faint color de\elops, this procedure must be repeated 
until the c.vtraction of urobilinogen is complete. Add water to the colored solu- 
tion to make a ^olume con\cnient in calculation. Mix well. Prepare a blank 
consisting of 9 ml. of sodium acetate and 3 ml. of Ehrlich’s reagent. Read in 
the spectrophotometer at a warelengih of 565 ra/t using cmets (19 by 150 mm.) with 
the blank set at 100. 

Calculations.— Obtain the value in mg. per 100 ml. from the calibration curve; 
then 


100 

Mg. per 100 ml. X X 


vol. of final sol. 
vol. of filtrate used 


= mg. per 100 ml. 


Report in milligrams per 100 ml. and in milligrams per 24'hour specimen. 

Calibration Curve.— Make a dilute standard dye solution by placing 20.4 ml. 
of the slock solution in a lOO-ml. volumetric flask and diluting to volume with 
0.5% acetic acid. (This dilute solution is equivalent to 0.6 mg. of urobilinogen 
in 100 ml.) Pipet the following amounts of dilute standard dye solution and 
0.5% acetic acid in a series of cuvets. 


Dilute Dye 
Solution, 
ml. 

0.5% Acetic i 
Acid, 
mi. 

Equivalent to 
Mg. of Dye 
per 100 Mi. 

Equivalent 
to Mg. per 
100 ml. of 
Urobilinogen 

0.84 

19.16 

0.085 

0.025 

1.67 

18.33 

0.17 

0.05 

3.34 

16.66 

0.34 

0.10 

5.00 

15.00 

0.51 

0.15 

6.67 

13.33 

0.68 

0.20 

8.34 

11.66 

0.85 

0.25 

10.00 

10.00 

1.02 

0.30 

13.34 

6.66 

1.36 

0.40 

16.66 

3.34 

1.70 

0.50 

20.00 

0.00 

2.04 

0.60 

0.00 

20.00 

Blank 

0,00 


Read each dilution in the spectrophotometer at a wavelength of 565 m/i with the blank set 
at 100. Repeat several times, average the results, and plot readings on semilogarithmic paper 
against their values in mg. per 100 ml. of urobilinogen. 

Note.— Normal value: 0.2 to 3 mg. per 24-hour specimen. 

Feces.— Weigh total specimen. Thoroughly mix the feces either in the carton, 
in a mortar, or in the electric mixer. Weigh out 10 g. of feces and place in a 
blender. Add 90 ml. of distilled water in small portions and mix. Allow the 
mixture to stand for a. short lime and decant the supernatant suspension into a 
liter Erlenmeyer flask comaiiiing 100 mL of freshly prepared 20% ferrous sulfate 
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For die standard carotene solution, read a solution containing 1 /tg. per ml. in 
heptane. 

For the standard vitamin A solution, use 2 ml. of the heptane solution ol the 
acetate containing 0.5 //g. vitamin A per ml. Add 1 ml. water and 1 ml. N ah 
coholic KOH. Shake and treat as for the unknown. 

Calculations.— 


Absorbance unknown (450 m/i) 
Absorbance standard (450 mp) 


X 200 = pg. carotene/100 ml. 


Drop in unknown absorbance at 325 mp 
Drop in standard absorbance at 325 mp 


X 100 = pg. vitamin A/100 ml. 


NoTiS.— The cMraction and ceiunfugiiig is cairied out ulitlc ultiaviolct light is cx> 
eluded. This may be dune by using red glassware or coscring the containers wit!) black 
paper. After irradiation the reading is piactically zero, and this step may be umitted if 
the carotene level is not very high. 

lor irradiation, it is best tu transfer the solution to 2-ml. capacity quartz lest tubes 
tightly corked with corks rubbed with silicone grease, and wiped, to pievcnl evaporation. 
However, they may be effectively irradiated in the ettvets covered with glass covers held 
in place by Scotch tape. A fan should be kept blowing on the containeis to keep them 
cool during irradiation. A good arrangcmciu is to suspend the tubes equidistant around 
a ({uartz lamp (about 5 cm. distant). From below, a small fan blows upward to cool the 
lulics. The blank is also irradiated. Mark the solvent level so that if evaporation should 
lake place, the tubes can be made to volume again with heptane. It is best to irradiate 
the standard and determine the time lequired to obtain the lowest reading. This s.'iinc 
time is used for the unknowns. 

The normal vitamin A level is 15 to 60 pg. per 100 m). serum, and the normal carotene 
level is 120 pg. per 100 ml. of serum. 
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SAMPLING COALS CLASSED ACCORDING TO ASH CONTENT ^ 

1. These methods cover procedures for the sampling of coal classified according 
10 ash content, in order to obtain samples for analysis. Sampling procedures are 
prescribed for coals of the following ash groups: 


Ash, % 

Under 8 

8.0 to 9.9 

10.0 to 14.9 

15.0 and over 


For each ash classification there are eight size groups and for each size group these 
methods prescribe a minimum number of increments, each of a minimum weight 
which results in a specified minimum weight of gross sample. 

I wo procedures are recognized in this method, as follows: 

(1) Commercial Samplmg Procedure. 

{-) Special Purpose Sampling Procedure. 


•Note l.-l'or the determination of total moisture, two procedures are prescribed: one 
•or a standard moisture sample which is obtained by splitting out a portion during the 
reduction of the gross sample; and the other a special moisture sample which requires a 
!>pccial procedure for handling the sample. 

2. Principles of Sampling and Precautions.— It is imperative that every sample 
c collected and prepared carefully and conscientiously and in strict accordance 
"dh the procedures prescribed in these methods; for if the sampling is done im- 
properly, the sample will be in error and it may be impossible or impracticable to 
'I e another sample. However, if the analysis is in error, another analysis can 
e.m y be made of the original sample. 

^ cause of the many variations in the conditions under which coal must be 
‘ P ed, and in the nature of the material being sampled, it is essential that the 
mp es be collected by a trained and experienced sampler. Variations in the 
^dncr in which the coal is handled are such that it is impossible to specify rigid 

^^dudarclization procedure of the Society, these methods are under the 
hlfto Q ” Committee D-5 on Coal and Coke. 
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rules describing the exact manner of sample collection. Correct sampling princi- 
ples must be applied to conditions as they are encountered. 

The term “increment*' as used in tlicse methods designates that quantity of coal 
obtained by a single motion of the samphng instrument (Section 6). Due to varia- 
tions in the structure, size consist, distribution of impurities, moisture, and the 
uneven distribution of sizes and impurities, care is required in the manner of 
collecting the increments. A complete cross-section of a stream or flow of coal 
(in motion) is generally the most representative. 

The minimum weight of cadi increment is determined by the size of die coal 
as designated by round-hole screen. 

The number of increments required for a given degree of accuracy depends 
upon die variability of the coal, and this variability increases with an increase of 
"free impurity.” A coal with high inherent ash and comparatively little free 
impurity may sliow much less variability tJian a coal witJi a materially lower total 
ash, resulting from a low inherent ash and a high percentage of free impurity. 
For most practical purposes, an increase in total asli content usually indicates an 
increase in variability. 

These methods prescribe a minimum number of increments and the minimum 
weight per increment required for eight size groups, each divided into four ash 
classifications. 

It is esscjitial that the iiicremcnls be evenly distributed over the consignment, 
Table 31-1. Size Groups 


Group 


Size Designation • 
(Round Hole Screens) 
Top Size Range 


Grade of Coal ^ 


1 

2 

3 

4 

5 

6 
7 


8 


I in. and under 
Over I to in., incl 
Over 1 J to 2 in., incl 
Over 2 to 6 in., incl 
Over 2 to 4 in., incl 
Over 4 to 6 in., incl 
Top size designation over 6 
in., and bottom size 
designation | in. or over 
Top size designation over 
6 in. 

Top size designation over 
6 in., and bottom size 
designation under | in. 


Resultants and sized coals 
Resultants and sized coals 
Resultants and sized coals 
Sized coals only 
Resultants only 
Resultants only 
Lump, block, or sized coals 


Run-of-mine and resul- 
tants 

Lump, block, or sized coals 


4 The “top size” dimension indicates all coals with such size consist as classify them under 
the croup in accordance with the provisions of S^tion on Size Designation of the Method 
for Designating the Size of Coal from Its Screen Analysis (ASTM D431, p. 1233). 

* The term “resultant” indicates a commercial grade of coal whose size consist is essentially 
produced as a through-product of but one screen. The term “sized coal” indicates a com- 
mercial grade of coal whose size consist is essentially produced as a material passing through 
one screen and retained upon another. 
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(c) For lots over 1000 tons, any of the following alternatives may be used: 

(1) Separate gross samples may be taken for each 1000 tons of coal or fraction 
thereof, and a calculated average (weighted) of the analytical determinations ob- 
tained on these prepared samples may be used to represent the lot (Note 2). 

(2) Separate gross samples may be taken for each 1000 tons or fraction thereof, 
and the -20-mesh or —60-mesh samples obtained from such gross samples may be 
mixed together in proportion to tlie tonnage represented by each sample and one 
analysis carried out on the composite sample (Note 2). 

(i) One gross sample may be used to represent the lot, provided that at least 
four times the minimum number of increments prescribed in Table 31-2 are taken. 

Note 2.— Analyzing cacii sample separately and averaging ilic results of all samples each 
obtained from a 1000 ton lot or fraction ihcicof nill give gjcalcr accuracy iban obtained 
by making one analysis on a composite sample made up by mixing together, in the correct 
proportions, the -2U-mesh or -60-mcsli samples repicscnting the 1000 ton lot or fraction 
thereof. 

5. Special Purpose Samplittg Procedure.— The special purpose sampling proce- 
dure shall apply to the sampling of coal when special accuracy is required, such as, 
classification by grade or rank (p- 1254), or performance tests. 

To obtain a greater accuracy in the collection of the gross sample, increase die 
increment requirements prescribed in Table 31*2 according to the following rules: 


Increase 
Minimum 
Number of 
Increments 

To Increase Accuracy o/ Collection oj the Cross Gioen in 

Sample {In 95 out of 100) Table 31-2 

dz5% of the ash content of the coal sampled 4 times 

±3.33% of the asit content of the coal sampled 9 times 


6. Increments.— {a) The term "increment’' as used in Uiesc meiliods designates 
that quantity of coal obtained for liic sample by a single motion of tlie sampling 
instrument, such as swinging it through a stream of coal or digging into the top 
of a carload. It is recommended that where possible the coal be sampled while 
in motion. Whenever it is necessary to cirry out "lop sampling” of railroad cars 
oi piles, it shall be stated in the report that "top sampling” was employed. By 
top sampling is meant the collection of the gross sample from a series of holes or 
trenches dug below the surface of the coal before any portion of the contents of 
the car has been removed. 

(5) The increments shall be regularly and systematically collected so that the 
entire lot of coal sampled will be represented proportionately in the gross sample- 
Each increment shall be collected by passing the sampling instrument through a 
stream of coal or digging into a pile with tiie same motion and requiring approxi- 
mately the same time interval to complete the motion. The increments shall be 
collected at such frequency that not less than the specified minimum number of 
increments are taken. The best possible increment is one which cuts entirely a 
falling stream of the coal by means of a suitable receptacle passed at a uniform 
speed, the same for each increment, into one side of die stream and out the other, 
without allowing the receptacle to overflow. 
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Ic) The gross sample should contain the same proportion of lump coal, small 
coal, and impurities as is contained in the lot of coal being sampled. 

(d) The method of collecting the increments shall fulfill the requirements of 
l)ara"raphs (a), (b) and (c). In every individual case, the method of collecting the 
iiicrL^nent shall be suited to the existing conditions and experience with the varia- 
tion of these conditions shall be used to govern the procedure. 

(e) It is well established that variations in flow, structure, or size consist of the 
coal, or in distribution of impurities, may make it impracticable to collect incre- 
ments of minimum weights specified herein. In such cases, it will be necessary to 
collect an increment of greater weight in order to conform to the requirements 
prescribed in paragraphs (b) and (c). 

(/) Sampling equipment is often not suitable or available for handling large 
lumps (8-in. cube and over) without obtaining a disproportionate amount of lump 
or small coal in the sample. Therefore, it is sometimes impossible because of 
practical considerations to collect an increment in strict agreement with the pro- 
cedure specified in paragraphs {b), (c), and (d). For instance, in some cases it would 
recpiire the stopping of a conveyor or a crane. In most cases it would result in 
increments many times the minimum weight specified. Whenever possible, the 
method of collecting the increment shall be in a manner not to exclude any fraction 
of the increment as collected. In no case shall the method of collecting the incre- 
ment be such as to exclude lumps up to 25 pounds in weight (8-in. cube). When 
the coal is extremely lumpy it is best to break down the extremely large lumps 
before the increment is taken. If this is impossible or impractical, an increment 
as collected may contain lumps of such large size that in the experience of the 
sampler this increment would contribute an excessive proportion of lump to the 
gross sample. In such cases the proportion of lump that should be included in 
the gross sample shall be estimated; the large lumps shall be broken to pass an 
approximately 4-in. round-hole screen; and an aliquot portion selected for inclusion 
ill the gross sample. The remainder of the lumps shall be discarded. 

Note 3.— Whenever the size consist is known or can be determined, individual samples 
of lump and small coal may be collected and the sample for analysis shall be prepared by 
mixing together in correct proportions the -20-mesh or -60-raesh samples representing 
the individual samples of lump and small coal. 

(g) Provision should be made for the preservation of the integrity of the sample. 

7. Reduction of Gross Samples.— (a) Reduce the gross samples for analysis by 
meclianical preparation as described in the following paragraphs (5) to (e). 

(5) Crush before dividing the gross samples of coal containing pieces % in. and 
larger so that at least 95% by weight will pass through a 4760-micron (No 4) sieve 
and 100% will pass through a -J^in. round-hole screen. Gross samples of coal of 
".hich 100% passes through a ^-in. round-hole screen and less than 95% by weight 
passes through a 4760-micron (No. 4) sieve, may be divided before crushing to not 
vss than 60 pounds by passing it through a riffle sampler or its equivalent as 
described in paragraph (c). 

Gro^ samples of coal of ^vhich 100% passes through a %-in. round-hole screen 
Oa'lp or more by weight passes through a 4760-micron (No. 4) sieve, may be 
routed in quantity to not less than 30 pounds by passing it through a riffle 
^nnpler or its equivalent as described in paragraph (c). 

•Should the performance of the primary a'usher yield a product of which 100% 
pass through a 4760-micron (No, 4) sieve or 95% through a 2380-micron (No. 8) 
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sieve, then some of the intermediate crushing operations will be unnecessary. 
However, follow the requirements of paragraphs (c), (d), and (e), in respect to the 
lelation of the ueight of the sample to die openings of the riffle sampler. 

(c) Reduce the entire gross sample in quantity, crushed as described under para- 
graph (6), to not less than 30 pounds by passing it through a rifffe sampler or its 
equivalent. The riffle sampler shall have openings of not less than % in. and not 
more than 1 in. Two types of riffle samplers suitable for reducing the sample as 
specified are shoun in Fig. 31-1. 

(d) Crush the sample of not less than 30 pounds (paragraph (c)) so that 100% 
will pass through a 4760-micron (No. 4) sieve, and dien divide it by passing it 
through a riffle sampler with openings not less than in. and not more than % in., 
obtaining a sample of not less than 15 pounds. Two types of riffle samplers suitable 
for reducing the sample as specified are shown in Fig. 31*2. 

(e) Further crush die sample of not less than 15 pounds (paragraph (d)) so that 
95% or more by weight wifi pass dirough a 2380-micron (No. 8) sieve. If the 
sample of not less than 15 pounds appears wet, air dry it before crushing it so that 
95% will pass dirough a 2380-micron (No. 8) sieve, as it is not practicable to crush 
wet coal to pass this size sieve. Then divide the sample by passing it through a 
riffle sampler with openings not over in. no more than three times, obtaining a 
sample of not less than 1% pounds. Two types of riffle samplers suitable for reduc- 
ing the sample as specified are shown in Fig. 31-2. However, if die determination of 
total moisture is of any significance, place the entire sample of not less than 15 
pounds of wet coal in an airtight container for transmittal to the laboratory. 

8. Sampling for Determination of Total Moisture.— When it is desired to report 
the "total moisture" of coal, cither a .‘‘standard moisture sample" or a "special 
moisture sample” shall be used. 

(а) Standard Moisture Sample. The standard moisture sample shall be used for 
the average commercial determination of total moisture, such as for control of 
preparation processes and for purchase specifications. The standard moisture sam- 
ple, obtained from die gross sample in accordance with Section 9, shall be obtained 
from coals that are not too wet for crushing to —4 mesh. 

(0) Special Moisture Sample. The "special moisture sample” shall be used for 
die determination of total moisture when special accuracy is required sucli as for 
classification by rank and grade or performance tests. It shall also be used for 
coals diat are too wet to crush to —4 mesh, and is especially suitable for coals con- 
taining a high percentage of inherent moisture. 

9. Procedure for Standard Moisture Saniple.~(a) Obtain the standard moisture 
sample from the gross sample collected in accordance with Sections 2 to 7, inclusne, 
taking the precautions prescribed in die following paragraphs (5) to (e) in order 
to minimize moisture losses during collection and reduction of the gross sample- 

(б) In collecting, handling, and reducing the sample, perform all operations 
rapidly as it has been found Uiat moisture loss depends on several factors other 
than total moisture content, sucli as time required for crushing, atmospheric tem- 
perature and humidity, banded ingredients, and type of crushing equipment. 

(c) While awaiting preparation, protect the uncrushed sample from moisture 
change due to exposure to rain, snow, wind, and sun by covering the sample wmi 
a tarpaulin. Do not hold the uncnished sample longer than 3 hours before crus » 
ing unless the weight of die original sample as taken is recorded and the moisture 
loss or gain determined before the sample is crushed. 
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(d) Follow the reduction procedure prescribed in Section 8 except that die crusli- 
ing and riffling operations shall be carried out as rapidly as possible. Store tem- 
porarily any crushed or riffled portions that have to be held in waterproof con- 
tainers with covers (such as standard 10-galIon milk cans) until the time of final 
preparation. 

(e) Place the sample of not less tlian 1% pounds of -8 mesh obtained during 
die reduction of the gross sample (Section 7(e)) in an airtight container for trans- 
mittal to the laboratory. However, if the coal is too damp for crushing to pass a 
2380 niicron (No. 8) sieve, place the entire sample of not less than 15 pounds of 
-4 mesh (Section 7(d)) in an airtight container for transmittal to the laboratory. 

10. Procedure for Special Moisture Sample.— (a) The ‘‘special moisture sample" 
differs from the ‘‘standard moisture sample” in the method of collecting the sample, 
but the same precautions for collecting, handling, and reducing the sample outlined 
in Section 9(5) to (e) shall be followed. 

(6) Using Standard Gioss Sample. When special accuracy is required on samples 
that are not too wet to crush to —4 mesh, the ‘‘special moisture sample" shall be 
collected from the gross sample as follows: Remove small increments of the crushed 
coal from the reject discharge of the crusher or riffle sampler (or its equivalent) 
and place them immediately in a waterproof container with tight-fitting cover. 
Each increment shall be about Vj pound in weight. Take a sufficient number of 
K'-pound increments for a minimum of 30 pounds to be collected for the special 
moisture sample. Evenly space the increments over the entire crushing or riffling 
period so as to be representative of the entire gross sample. Fill the container 
substantially, and make it airtight for transmitting tJie sample to the laboratory. 

(c) Using Separately Collected Sample. For coals that are too wet to handle 
wiilioui a substantial moisture loss or cannot be crushed to -4 mesh, the special 
moisture sample shall be collected as follows, this procedure being particularly 
applicable for coals of 2-in. top size and smaller. Collect separate increments, in 
addition to those obtained for the gross sample. Place these increments in water- 
proof containers with tight-fitting covers (such as 10-gallon milk cans). Collect a 
minimum of 15 increments regularly and systematically so that tlie entire lot of 
coal being sampled will be represented proportionately in the special moisture 
sample. The minimum weight of each increment shall conform to the requirements 
prescribed in Table 31-2. Fill the container substantially, and make it airtight for 
transmitting the sample to the laboratory. 

11. Handling of ISIoisture Samples in Laboratory.— The entire moisture sample 
as received in the laboratory, which shall have been collected as set forth in Sections 
9 and 10, shall be air-dried in accordance with the conditions prescribed in Section 
4 of the Methods of Laboratory Sampling and Analysis of Coal and Coke (ASTM 
D271, p. 1148). After air-drying, if the moisture sample is greater in weight than 
144 pounds, the sample shall be reduced in accordance with Section 7 to 144 pounds, 
and the resulting 1% pounds shall be crushed to 20 mesh. The moisture at 105*C. 
shall then be determined in accordance with Section 3 of Methods D271. 

12. Calctdation.— The total moisture shall be calculated in accordance with the 
section on the determination of moisture, page 1150. 
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laboratory sampling and analysis of coal 

AND COKE" 

I. 'Ihcsc methods cover procedures for laboratory sampling and analysis of coal 
md coke. The procedures appear in the following order: 

Sections 

Preparation of laboratory samples 2 to 7 

Methods of Analysis 


Purity of reagents o 

Moisture 9 to 12 

Ash 13 to 15 

Volatile matter 16 to 19 

Fixed carbon 20 

Sulfur: 

Eschka Method 21 to 24 

Bomb VV'^cishing Method 25 and 26 

Sodium Pero.xide Fusion Method 27 to 29 

Phosphorus in ash 30 to 32 

Ultimate analysis: 

Carbon and hydrogen 33 to 38 

Nitrogen 39 to 44 

Oxygen 45 

Calculation of analyses to dry basis 46 

Reproducibility of results 47 

Deterioration of coal samples 48 


PREPARATION OF LABORATORY SAMPLES 
2. Apparatus for Sampling Coal. Air-Drying Oven.— An oven for air-drying wet 
samples. A suggested form is shown in Fig. 31-3. Such an oven is not essential, but 
is economical where many samples are to be dried.^ 

Pans for Air-Drying ^Vet Samples.— Galvanized iron pans 18 by 18 in. by 1.5 in. 
in tlcptli. 

Balance or Scale.— A balance or scale having a capacity of 5 kg. and sensitive 
to l).5 g. for weighing the galvanized iron pans with samples. 

crusher suitable for crushing coarse samples to pass a No. 4 

(ITtiO micron) sieve. 

Grinder.-A roll crusher or coffee-mill type of grinder suitable for reducing the 
tnaierial passing a No. 4 sieve to pass a No. 20 (840 micron) sieve. To reduce the 
tiioi-iune loss while crushing, a coffee-mill type of grinder should be entirely en- 
dowed and have an enclosed hopper and receptacle capable of holding 15 pounds 
ot Coal. ° ^ 


- l iulcr ihe standardization procedure of the Society, these methods are under die 
'* ' Committee D-5 on Coal and Coke. Standardized as AST.M 

see C. Fieldner and W. A. Selvig, “Methods of 
Bureau of .Mines, Butletin Xo. -192, p. 2 (1951). 


* lor details of the aiv-dvshv' oven. 
Coal ami Coke.” U. .S. Ilnrea 
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3. ,il.p„wl„s for Sampling Coke. Pans for Total Moisture Determination.- 
Galvanii!ccl iron pans 24 by 24 by 4 in. in depth 

Balance or Solution Scale.-A balance or scale having a capacity of 10 kg. and 
tcnstttve to 1 g. lor weigh, ng the galvanised iron pans with samples. 

Crusher.— See Section 2. ^ 

Roller-Crushcr.-A hard-steel roll crusher suitable for reducing the material pass- 
ing a Ao. 4 sieve to pass a No. 20 sieve. ^ luaicnai pass 





Large Riffle Sampler 


Fig. 31-4. 


Note: 

May Be Constructed As Either Closed 
Or Open Type. Closed Type Preferred. • 

Small Riffle Sampler 


>- potcc an, for , 1 ,,, ball mill should b? P”'" “ 6“ sieve. 

1; Tl'e ilint pebbles should ''i™eier and 

t "“■■‘'-■“I rollLtts er stuM revor'’*’ 'vell-.-ounded 

■til t™'f"'P'“--See Section 2. *Peetl. 

.,o"‘.'rc:tHot‘pLL.y 

r.oS*'fo™''’“'ien of >otaimo"sture”' iTa'L'^" ““Ples 

P'i' ant! 200 "'c'"'!r*,|''"“l“‘“" should be capa'bie^oL''-*''”'**'^ “Peniogs 
'v pheej tair;. ‘ivied on a stove or l,o f being regulated between 

■hepall^rc'or^"' --"P-ture'dSsVo^reTd 2;o-C.''“ 
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Pulverizer. -A porcelain jar ball mill, planetary disc crusher, chrome-steel buck- 
ing board, or any satisfactory form of pulverizer for reducing the material passing 
a No. 20 sieve to pass a No. 60 (250 micron) sieve. The porcelain jars for the ball 
mill should be approximately 9 in. in diameter and 10 in. in height. The flint 
pebbles should be smooth, hard, and well rounded. 

Large Riffle Sampler.— A large riffle sampler with Vj- or %-in. divisions for re- 
ducing the coal passing the No. 4 sieve to 15 pounds (see Fig. 31-4 (a)). 



Fig. 31-3. Drier for Coarse Samples. The outlet for air at the top may be connected 
with a chimney or any olhei device which will furnish a suitable draft. (Bullelin Ao- 
Geological Survey of Ohio, p. 312.) 


Small Riffle Sampler.— A small riffle sampler witli 14- or %-in. divisions for re- 
ducing the material passing the No. 20 and die No. 60 sieves to a laboratory sample 
(see Fig. 31-4 (6)). 

Sieves.— In addition to the sieves mentioned above, include a No. 60 sieve with 
cover and receiver. The sieve designations employed in these methods are those 
of the Specifications for Sieves for Testing Purposes (ASTM Ell, p. 1277), aod all 
sieves shall conform to die detailed requirements of these specifications. 

Containers.— Samples in which the moisture content is important should always 
be shipped in moistuie-tight containers. A galvanized iron or tin can witli ah 
airtight friction top or a screw top that is sealed with a rubber gasket and a 
hesive tape is best adapted to this purpose. Glass fruit jars sealed with rub er 
gaskets may be used, but require very careful packing to avoid breakage in transit. 
Samples in whicli the moisture content is of no importance need no special protec 
lion Irom loss of moisture. 
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3. Apparatus for Sampling Coke. Pans for Total Moisture Determination- 
Galvanized iron pans 24 by 24 by 4 in. in depth. 

Balance or Solution Scale.-A balance or scale having a capacity of 10 kg. and 
sensitive to 1 g. for weighing the galvanized iron pans with sLples. 

Crusher.— See Section 2. ^ 

Roller-Crusher.-A hard-steel roll crusher suitable for reducing the material oass 
ing a No. 4 sieve to pass a No. 20 sieve. ^ luaceiiai pass- 


Rolled Edges- 





-l<r 
r o 

mlsj- 

'T I 




Lorge Riffle Sampler 


Capacity 30 Pounds 
Minus 4-Mesh Coal 


Note: 

Closed 

Or Open Type. Closed Type Preferred. 


Fig. 31-4. 


Smoll Riffle Sampler 


mmd mortar (or Sc!ngth“produara ™" “ hard-steel di 

Tk Wiu balSl si oSd bf a“„ ■ ^o. 60 siev 

nl : , ’I'"®'"- The flint pebbles should ® *™«er an 

large crusher should revo^raftht”''''’ "ch-rounde, 

Sieves-SeeSectfenT 

OverStove'trH" 

PO'idet'fc If Move’’”' coke sample: 

and 200 ventilation and should be opening; 

''C placed in if and « a stove o^^^m if '=“'’««*“lated betweef 

point in th ^ exercised that the temn '* ^ ^ ^ thermometer should 

> point in the pan of coke. ^ temperature does not exceed 200°C at 
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4. Sample Preparation for Coal Appearing Dry.— Crush the sample that has been 
collected and reduced in accordance witli the Alethods of Sampling Coals Classed 
According to Ash Content (p. 1137) by passing through rolls or an enclosed grinder 
adjusted so that the product will pass a No. 20 sieve. Take a SO-g. total moisture 
sample, witliout sieving, immediately after the material has passed through the 
crushing apparatus. This sample sliould be taken with a spoon from various parts 
of the product passing a No. 20 sieve, and should be placed directly in a rubber- 
stoppered bottle. 

Thoroughly mix the main portion of tlte sample, reduce on the small riffle sam- 
pler to about 200 g., and pulverize to pass a No. 60 sieve by any suitable apparatus 
%vithout regard to loss of moisture. After all the material has been passed Uirough 
the No. 60 sieve, mix, and divide it on the small riffle sampler to about 50 g. 
Transfer the final sample to a 4-ounce rubber-stoppered bottle. Determine mois- 
ture in botli the No. 60 sieve sample and the No. 20 sieve sample in accordance 
with Sections 9, 10, 11 and 12. 

Note 1.— S.unplcs ciushed to pass a No. 4 sieve, prepaicd in accordance with the 
.Methods ol Sampling Coals Classed According to Ash Content, may be crushed to pass a 
No. 8 (2380 micron) sieve and reduced to not less than 1-^ pounds in accordance vvith 
Section 7(e) of Methods D492. p. IH2. 

5. Sample Preparation for Coat Appearing IFet.— Spread the sample on tared 
pans, weigh, and air-dry at room temperature, or in tlie special drying oven show’n 
in Fig. 31*8 at 10* to I5*C. above room temperature, and weigh again (Note 2). 
Continue the drying until the loss in weight is not more than 0.1% per hour. Dr)- 
ing should not be continued beyond this point because of the oxidation of the coal. 
Complete the sampling as described in Section 4 for dry coal. 

Note 2.--Fieslil> mined or wet coal loses moistme lapidly on exposure to the air of the 
laboraior>; hence the sani()ling operations between opening the container and taking the 
total-moisture sample passing a No. 20 sieve must be conducted witli the utmost dispatch 
and with minimum exposure to air. 

6. Sample Preparation of Coal Appearing IVet or Dry, Ball-Mill Method.— Tlxii 
metliod of sampling ® does not require a total moisture sample of the coal passing 
a No. 20 sieve as do the methods described in Sections 4 and 5. The coal is first 
air-dried to bring it to a condition of approximate equilibrium with the air to 
minimize moisture change during tlie preparation of the sample for analysis. After 
air-drying, all operations are performed with the utmost dispatch to prevent mois- 
ture change. Fine grinding of the sample is done in an airtight ball mill. Total 
moisture is calculated from the air-drying loss and the residual moisture in the 
sample prepared for analj^is. 

Spread the sample on tared pans, weigh, and air-dry in die special moisture oven 
shown in Fig. 31-3 at 10” to 15"C. above room temperature until the loss in weiglit 
between two successive weighings made 6 to 12 hours apart does not exceed 0.1% 
per hour. Drying should not be continued beyond this point because of the oxi- 
dation of the coal. Record die loss in weight as "air-drying loss." 

Immediately after the final weighing, quickly crush the entire sample ® by means 
of a roll crusher adjusted so the product will pass a No. 20 sieve. Then, wiUiout 
sieving, quickly reduce the coal on the small riffle sampler to about 200 g. Fut 

5 This method of sampling is used by the U. S. Bureau of Mines, see A. C. Fieldner and 
W. A. Selvig, ".Methods of Analyzing Coal and Coke,” U. S. Bureau of Mines. Buae 
No. 492, p. I (1951). 



1150 COAL AND COKE 

by impact in a hard-steel diamond mortar. The use of rubbing surfaces such as 
a disc pulverizer or a bucking board is never permissible for grinding coke. 

Note 3.— The accuracy of the method of preparing laboratory samples should be checked 
frequently by resampling the rejected portions and preparing a duplicate sample. The 
ash in the two samples should not differ by more than 0.4%. 

METHODS OF ANALYSIS 

Note 4.— Results of anal}ses may be calculated to the dry coal basis as provided in 
Section 4G. 

8. Purity of Reagents.— Reagent grade chemicals shall be used in all tests. Unless 
otlierwise indicated, it is intended that all reagents shall conform to the specifica- 
tions of the Committee on Analytical Reagents of the American Chemical Society, 
tvhere such specifications are available.^ Otlier grades may be used provided it is 
first ascertained that the reagent is of sufficiently high purity to permit its use 
without lessening the accuracy of the determination. 

Unless otherwise indicated, references to water shall be understood to mean 
reagent water conforming to the Specifications for Reagent Water (ASTM Desig- 
nation: D1193). 



Fic. 31-5. Toluene or Glycerol and Water Oven for Determining Moisture {Bulletin 
No. 492, U. S. Dureaii of Mines, p. 6, 1951). 

MOISTURE 

9. Apparatus. Moisture Oven, for Coal. — For determining the moisture of coal, 
the oven shall be so constructed as to liave a uniform temperature in all parts and 
a minimum of air space. It may be of the form shown in Fig. 31-5. Provision shall 
be made for renewing the air in the oven at the rate of two to four times a minute, 
■with the air dried by passing it through sulfuric acid. 

t Reagent Chemicals, American Chemical Society Specifications,” Am. Chcin. Soc., 
Washington, D. C. For suggestions on the testing of reagents not listed by the 
Chemical Society, see "Reagent Chemicals and Standards,” by Joseph Rosin, D. a 
Nostrand Co., Inc., Princeton, N. J., and the "United States Pharmacopoeia.” 
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Moisture Oven, for Coke.— For determining tire moisture of coke, an ordinary 
drying oven with openings for natural air circulation and capable of temperature 
regulation between limits of 104° and 110°C. may be used. 

Capsules with Covers.— A convenient form, which allows the ash detex'mination 
VO be made on the same sample, is a porcelain capsule, % in. in deptlr and 1% in- 
in diameter, or a fused silica capsule of similar shape. This shall be used with a 
well-fitting flat aluminum cover, illustrated in Fig. 31-6. Platinum crucibles or 
glass capsules with ground-glass caps may also be used. They should be as shallow 
as possible, consistent with convenient handling. 

10. Materials. Desiccant.— Sulfuric acid (H^SO^, sp. gr. 1.84). 

11. Procedure for Coal or Coke Passing a No. 60 Sieve.— Heat the empty capsules 
under the conditions at which the sample is to be dried, place the stopper or cover 
on the capsule, cool over sulfuric acid for 30 minutes, 
and weigh. Dip out irith a spoon or spatula from the 
sample bottle approximately 1 g. of the sample. Put 
this quickly into the capsule, close, and weigh at once. 

.An alternate procedure for weighing out the sample 
(more subject to error) is as follows: After transferring 
an amount of the sample slightly in excess of I g., bring 
to exactly 1 g. in weight (±0.5 mg.) by quickly remov- 
ing the excess weight of the sample with a spatula. 

The utmost dispatcJi must be used in order to mini- 
mise the exposure of the sample until the weight is 
found. 

After removing the covers, quickly place the capsules 
in a preheated oven (at 104° to 110°C.) through which passes a current of air dried 
by sulfuric acid (sp. gr. 1.84) (the current of dry air is not necessary for coke). 
Close the oven at once and heat for 1 hour. Open the oven, cover the capsules 
quickly, cool in a desiccator over sulfuric acid (sp. gr. 1.84), and weigh. 

Use the percentage of moisture in the sample passing a No. 60 sieve to calculate 
the results of the other analyses to a dry basis. 

12. Procedure for Coal Passhig a No. 20 Sieve.—lJse 5 g. of the sample, weighed 

0 le nearest 2 mg., and heat for hours. Complete the determination as de- 
scribed m Section 11. 



Fic. 31-6. Capsule for Use 
in Determining Moisture. 


ASH 


:Klfot'!ofr.'!,'r m"' Muffle Furnace tor Coal.-For determination of 

linm. ? ' * emulation and be capable of bavin., its 

temperature regulated between 700° and 750“C. ^ ° 

of^il! T Furnace or Meker Burner for Coke.-For determination 

its shall have good air circulation and be capable of havino- 

tt> temperature regulated not to exceed 950°C. ^ ^ 

capsules, % in. in depth, and 1% in. in diameter 
or sumlar shallow dishes or platinum crucibles. uuccer, 

horn' Conk-Place tlie porcelain capsules containing the dried coal 

iow tempcmtuirind''''";"'n ‘T at a 

from too gradually heat to redness at such a rate as to avoid mechanical 

oo rapid expulsion of volatile matter fNote 51 KinicU . 

ttinsiaiit weinhr \ uaucr pNote 0 ). Finish the ignition to 

dcHccuor "" temperature between 700° and 750°C. Cool in a 

tccaior. and weigh as soon as cold. (Notes 6 and 7). 
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Note 5.— Befoie leplacing the capsules in the mufHe for ignition to constant weight, the 
ash should be stirred with a platinum or Nichronic wiie. Stirring once or twice before 
the first weighing hastens complete ignition. 

Note 6.— The result obtained by this method is "unconected” ash. For "corietted” ash 
see the preliminar) report.^ The actual mineral matter in the oiiginal coal is usually 
tery diilcrent in weight and composition from the weight of the “uncorrected” ash. 

Note 7.— Difficulty may be experienced in securing satisfactory check determinations of 
ash in the same or different laboratories for coals unusually high in calcite and pyrite. 
This is caused by varying amounts of sulfate sulfur being retained in the ash. When 
such difficultv IS encountered, or when coals of relatively high ash content whose mineral 
matter composition is unknown are encountered, the ash should be determined by the 
following modified procedures: 

(a) Place the porcelain capsules* containing the dried coal from the moisture determi- 
nation in a cold imifne furnace and heat gradually so that the temperature reaches 500°C. 
in I hour, and TSO^C. in 2 liours. Heat to constant weight at 750®C. By this means 
pyritic sulfur will be oxidized and expelled before the calcite is decomposed. An ample 
supply of air iii the muffle must be assured at ail limes to ensure complete oxidation of 
the pynljc sulfur and proper circulation through the mufile must be assured to remote 
the SO3 formed. 

(b) The modified piocedure described in paragraph (a) should be adequate for deter- 
mining ash m all troublesome commercial samples. However, samples may be encountered 
in Certain special studies whose ash values are quite high and whose mineral matter 
contains much greater than normal amounts of calcite and pyrite. In such cases sulfate 
sulfur should be determined on the ash obtained by the modified cold miilfie method 
and the value properly corrected, or the Parr^sulfatea ash method as modified by Rces^® 
should be used. 

15, Procedure for Coke.— Place the capsules containing Uie dried coke from the 
moisture determination in a mufHe furnace or over a burner, and heat to redness 
at such a rate as to avoid mechanical loss (Note 5). Finish the ignition to constant 
weight (dsO.OOI g.) at a temperature not exceeding 950*C. Cool in a desiccator, 
and weigh. 

Note 8.— Test the ash for unburned carbon by moistening it with alcohol; any caibon 
lemaining will show as black particles. 

VOLATILE MATTER 

16. Apparatus. Platinum Crucible with Closely Fitting Cover, for Coal.— The 
crucible shall be of not less than 10 nor more than 20 ml. in capacity, not less than 
25 nor more Uian 35 mm. in diameter, and not less than 30 nor more than 35 mm- 
in height. 

Platinum Crucible with Closely Fitting Cover, for Coke.— The crucible shall be 
of lO-ml. capacity, witii capsule cover having thin flexible sides fitting down into 
crucible. Or tlie double-crucible method may be used, in which the sample is 
placed in a 10- or 20-mI. platinum crucible, which is then covered with another 
crucible of such a size that it will fit closely to the sides of the outer crucible, and 
its bottom will rest to in. above the bottom of the outer crucible. 

Vertical Electric Tube Furnace, or a Gas or Electrically Healed MufHe Furnace, 
for Coal or Coke.— The furnace may be of the form shown in Fig. 31-7. It shall 

8 Report on Fixed Carbon and Ash, Proceedtnes. Am. Soc. for Testing Mats., V'ol. XIV, 
Part I, p. 426 (1914). 

9S. W. Parr, "Chemical Study of Illinois Coal," Bulletin No. 3, p- 35, Illinois Coal 
Muring Investigations. State Geological .Survey, Urbana. 111. (1916). ... . 

IV. Rees. “Determining Ash in High Carbonate Coals. Study of the 
Method," Industrial and Engineering Chemistry, Analytical Edition, Vol. 9, pp- 30/- 
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case of coke, after heating 2 or 3 minutes, tap the cover lightly to more perfectly 
seal the crucible and thus guard against the admission of air. After heating for 
exactly 7 minutes, remove the crucible from the furnace and, without disturbing 
the cover, allow it to cool. Coke should be cooled in a desiccator. Weigh as soon 
as cold. The loss of weight minus moisture equals the volatile matter. 

Note 9.— The cover should fit closely enough so that the carbon deposit fiom bitumi- 
nous, subbitummous, and lignitic coals does not burn away from, the under side. 

Note 10.— Regulation of temperature lo within the prescribed limits is important. 

Note 11.— With some stiongly caking low-volatile and medium-volatile bituminous coals, 
the coke button may be broken with explosive violence, due to the liberation of volatiJe 
matter within the button. This is usually designated as “popping.” Such popping may 
blow the lid olf the crucible and cause mechanical losses of the coked matenal. When 
such popping is observed, the detcimination shall be rejected and the test repeated until 
popping docs not occur. 

18. Modified Procedure for Subbitummous Coal, Lignite, Peat, and Certain 
Cokes, Chars, Anthracites, and Semiantliracites.~(a) Mechanical losses are incurred 
on suddenly heating peat, lignite, and subbituminous coal; such losses also occur 
with some low-temperature cokes, green cokes, chars, antliracites, and semianthra- 
ciies. This mechanical loss is usually designated as “sparking” and is caused by 
particles of the fuel being ejected from the crucible by the too rapid escape of 
steam or volatile matter. These particles become incandescent in the flame of the 
burning volatile constituents and may be seen around the edge of the CTUcible 
cover, sometimes only M in. above Uie crucible and at other times shooting several 
inches to the top of the furnace. In severe cases of sparking, ash deposits and some- 
times unburned material will be found on the crucible cover. Small amounts of 
ash deposits are sometimes found on ilie crucible cover in case of moderately spark- 
ing fuels. All fuels that do not cake when volatile matter is determined shall be 
watched closely for sparking during the heating period; also, at the end of tire test 
the crucible cover shall be inspected for ash deposits, and the presence of such 
deposits shall be considered as evidence of sparking. 

(b) Volatile Alatter by Modified Procedure.— All fuels that spark when the vola- 
tile matter is determined by the metliods described in Sections 17 and 19 shall be 
treated as follows: The sample shall be given a preliminary gradual heating sucli 
that a temperature of 600° ± 50°C. is readied in 6 minutes (Notes 12, 13, 14). After 
this prelimuiary heating the sample is heated for exactly 6 minutes at 950° ± 20°C. 
If sparking is then observed tlie determination shall be rejected and the test re- 
peated until no sparking occurs either during the preliminary heating or during 
the 6-minute period at 950°C- Remove crucible from furnace and cool on a metal 
cooling block and weigh (Note 15). The percentage loss in weight minus the per 
cent moisture is tlie volatile matter. All analyses by this method shall be marked 
to indicate tliat the modifled procedure was used. 

Note 12.— If a tubular furnace of the Fieldner type is used for the detcimination of 
volatile matter, the preliminary gradual heating may be accomplished by moving the 
crucible to predetermined positions in the cooler top zone of the furnace. Due to varia- 
tions in the heating characteristics of the furnace, the operator must determine by the 
thermocouple method in Section 19 for each furnace the proper position to meet pie- 
liminary heating rate as specified. It is also possible lo use a mechanical device to lower 
the crucible into the furnace. 
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VrtTr 1*!— If electric muffle furnaces are used the heating may be accomplished by using 
umfflrnac’es situated side by side, one furnace being controlled at 550» the other 

* 10°C The crucible containing the sample is placed on a Nichrome support 
- in 1/ in hi4, and placed in the muffle furnace controlled at 550° ± 10° C. for exactly 
fi^uinntes 'afte°r which time it is rapidly transferred along idth its Nichrome support to 
ihe second muffle furnace, controlled at 950° 10°C.. and allowed to remain for exactly 

6 minutes. 


Note M.— If the Meker burner method described in paragraph (c) is used, tlie rate of 
heating specified in (b) shall be obsen'ed. 

Note 15.-To insure uniformity of results the cooling period should be kept constant 
and should not be prolonged beyond 15 minutes. 


(r) If the Meker burner method described in Section 19 is used for the volatile 
matter determination, the preliminary heating shall be done by playing the flame 
of a burner upon the bottom of the crucible in such a manner as to bring about 
the discharge of volatile matter at a rate not sufficient to cause sparking. After 
this preliminary heating, the crucible shall be heated for exactly 6 minutes at 
950°C. as described in Section 19. If sparking occurs during this 6-minute heating 
period, the determination shall be rejected and another made. 

19. Procedure for Coal and Coke, Using Meker Brtrner.— Weigh 1 g. of the 
sample in a weighed platinum crucible and close with a cover or, in the case of 
coke, another crucible as described in Section 16. Place in the flame of a No. 4 
Meker burner, having an outside diameter at the top of approximately 25 mm. and 
giving a flame not less than 15 cm, in height. The temperature should be 950° ± 
20“C. as determined by placing a tltermocouple through the perforated cover, which 
for this purpose may be of nickel or asbestos. The junction of the couple should 
be placed in contact with the center of the bottom of the crucible; or the tempera- 
ture may be indicated by the fusion of pure potassium chromate (K 2 Cr 04 ) in the 
covered crucible (fusion of KoCrO^, 968°C.).i^ The crucible shall be placed in the 
llame about 1 cm. above the top of the burner and the heating continued 7 minutes. 
IVhere the gas pressure is variable it is well to use a U-iube attachment to the 
burner. 


FIXED CARBON 

20. Calculation.— Calculate fixed carbon in coal or coke, as follows: 

Fixed carbon, % = 100 — (moisture + ash -f- volatile matter) 

SULFUR BY THE ESCHKA METHOD 

21. .Ippura/uj. Gas or electric muffle furnace, or burners, for igniting tire sample 
'uih the Esdika mixture and for igniting the barium sulfate (BaSO^). 

Crucibles or Capsules.— Porcelain capsules, % in. in depth and 1% in. in diameter, 
ot porcelain crucibles of 30-ml. capacity, high or low form, or platinum crucibles 
0 similar size shall be used for igniting the sample with the Eschka mixture. Por- 
teain, platinum, alundum, or silica crucibles of 10- to 15-ml. capacity, shall be 

„ , BaSOj. 

heagents. Barium Chloride Solution (100 g. per liter).— Dissolve 100 s. of 

3011111 chloride (BaCl._,- 2 H 20 ) in 1 liter of water, 
toniiiie Water (Saturated).— Add an excess of bromine to 1 liter of water. 

b- S. Bureau of Mines, Reports of Investigations, Serial No. 2917 (1929). 
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£$chka INIixture.— Thoroughly mix 2 parts by weight of light calcined magnesium 
oxide (MgO) with 1 part of anhydrous sodium carbonate (Na_.C 03 ). Both materials 
sliould be as free as possible from sulfur. 

Hydrochloric Acid (l:l).-iMix equal volumes of concentrated hydrocliloric acid 
(HCl, sp. gr. 1.19) and water. 

Hydrochloric Acid (1:9).— Mix 1 volume of concentrated hydrochloric acid 
(HCl, sp. gr. 1.19) with 9 volumes of water. 

Methyl Orange Indicator Solution (0.2 g. per liter).— Dissolve 0.02 g. of methyl 
orange in 100 ml. of hot water and filter. 

Sodium Carbonate, Saturated Solution.— Dissolve approximately 60 g. of crystal- 
lizecl sodium carbonate (Na 2 CO 3 ‘ 10 H 2 O) or 22 g. of anhydrous sodium carbonate 
(Na^COg) ill 100 ml. of water, using a sufficient excess of NaoCOg to insure a sam- 
rated solution. 

Sodium Hydroxide Solution (100 g. jier liter).— Dissolve 100 g. of sodium hydrox- 
ide (NaOH) in 1 liter of water. This solution may be used in place of the Na^CO^ 
solution. 

23. Procedure for Coal and Coke, (a) Preparation of Sample and Mixture.-- 
Thoroughly mix on glazed paper approximately 1 g. of the sample and 3 g. of 
Eschka mixture. The amount of sample to be taken will depend on the amount 
of BaClo solution required in accordance with paragraph (c). Transfer to a porce- 
lain capsule or porcelain crucible, or a platinum crucible, and cover with about 
1 g. of Esclika mixture. 

(b) Ignition.— On account of the amount of sulfur contained in artificial gas, 
the crucible shall be heated over an alcohol, gasoline, or natural gas flame as de- 
scribed in Item (/) of this paragraph, or in a gas or electrically heated muffle as 
described in Item (2) for coal and in Item (3) for coke. The use of artificial gas 
for heating the sample and Eschka mixture is permissible only when the crucibles 
are heated in a muffle. 

(/) Heat tlie crucible, placed in a slanting position on a triangle, over a very 
low flame to avoid rapid expulsion of the volatile matter which tends to prevent 
complete absorplio}} oi the products of combustion of the suilur. Heat the crucible 
slowly for 30 minutes, gradually increasing the temperature and stirring after all 
black particles have disappeared, which is an indication of the completeness of the 
procedure. 

(2) For Coal. Place the crucible in a cold muffle and gradually raise the tem- 
perature to 800® ± 25®C. in about 1 hour. Maintain this maximum temperature 
for about hours. 

{.?) For Coke. Place the crucible in a warm muffle and gradually raise the tem- 
perature to 800® ± 25®C. in about 30 minutes. Maintain this maximum tempera- 
ture until on stirring all black particles have disappeared. 

(c) Subsequent Treatment.— Remove the crucible and empty the contents into a 
200-ml. beaker and digest with 100 ml. of hot water for to % hour, while stirring 
occasionally. Filter and wash the insoluble matter by decantation. After several 
washings in this manner, transfer the insoluble matter to the filter and wash five 
times, keeping die mixture weii agitated. Treat the filtrate, amounting to about 
250 ml., witli 10 to 20 ml. of saturated bromine water, make slightly acid with 
HCl, and boil to expel the liberated bromine. Make just neutral to metliyl orange 
with NaOH or Na.COg solution; then add 1 ml. of HCl (1:9). Boil again and add 
slowly from a pipet, while stirring constantly, 10 ml. or more of BaCk solution. 
The BaClo solution must be in excess. Whenever more than 10 ml. of BaClo solu- 
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tion is required, the weight of sample (paragraph (a)) shall he reduced to about 
05 depending on the sulfur content. Continue boiling for 15 minutes and allow 
to stand for at least 2 hours, or preferably overnight, at a temperature just below 
boili'ii"’. Filter through an ashless paper and wash with hot water until silver 
nitrate (AgNOg) solution shows no precipitate with a drop of the filtrate. 

Place the wet filter containing the precipitate of barium sulfate (BaS 04 ) in a 
weighed platinum, porcelain, silica, or alundum crucible, allowing a free access of 
air by folding the paper over the precipitate loosely to prevent spattering. Smoke 
the paper off gradually and at no time allow it to burn with flame. After the paper 
is practically consumed, raise the temperature to approximately 925°C. and heat to 
constant weight. 

Dissolve the residue of magnesium oxide (MgO), etc., after leaching, in HCl and 
test with great care for sulfur. When an appreciable amount is found this should 
be determined quantitatively. The amount of sulfur retained is by no means a 
negligible quantity.^^ 

(d) Blanks and Corrections.— In all cases, a correction must be applied either 
by running a blank exactly as described above, using the same amount of all re- 
agents that were employed in the regular determination, or more accurately by 
deteimining a known amount of sulfate added to a solution of the reagents after 
these have been put through the prescribed series of operations. If this latter 
procedure is adopted and carried out once a week or whenever a new supply of 
a reagent must be used, and for a series of solutions covering the range of sulfur 
content likely to be met with in the samples, it is only necessary to add to or sub- 
tract from the weight of BaSO^ obtained from a sample, whatever deficiency or 
excess may have been found in the appropriate “check” in order to obtain a result 
that is more certain to be correct than if a “blank” correction as determined by the 
former procedure is applied. This is due to the fact that the solubility error for 
BaSO^, for the amounts of sulfur in question and the conditions of precipitation 
prescribed, is probably the largest one to be considered. Barium sulfate is soluble 
in acids and even in pure water, and the solubility limit is reached almost imme- 
diately on contact with the solvent. Hence, in the event of using reagents of very 
superior quality, or of exercising more than ordinary precautions, there may be no 
apparent “blank” because the solubility limit for the solution for BaSO^ has not 
been reached or at any rate not exceeded. 

24. Calculation.— Calculate the sulfur content as follows: 


c nr (^ - ^) X 13.735 

Sulfur, % = 

"here .4 = grams of BaSO^ precipitated 
S = grams of BaSO^ in the blank 
C = grams of sample used 

shown in the preliminary report.ii the Atkinson and sodium peroxide 
that jf ciose agreement with the Eschka method. Regesteris has shown 

sulfur nf® nitrogen is present in the gases contained in the bomb calorimeter the 

of thA Jof 1 ® almost completely oxidized to sulfuric acid (H 2 SO 4 ) and the trashings 

calorimeter may be used for the determination of sulfur. 

Am. Chem. Soc., Vol. 21, p. 1125 (1899). 
u iZT, Vol. 32, p. 588 (1910). Vol. 33, p. 829 (1911). 

Vof Chemistry, Vol. 5, p. 5 (1913). 
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SULFUR BY THE BOMB WASHING METHOD-^^ 

25. Reagents. Anunooium Hydroxide (sp. gr. 0.90).— Concentrated ammonium 
li)droxide (NH4OH). 

Bromine ^Vater (Saturated).— See Section 22. 

Hydrochloric Acid (1:1).— See Section 22. 

Sodium or Potassium Hydroxide, Standard Solution. 

Wash Solution.— Dilute 1 ml. of a staturated solution of metliyl orange to 1 liter 
wiili water. 

26. Procedure for Coal and Coke. Ignition.— Sulfur is determined in the wash- 
ings from tlie oxygen-bomb calorimeter following the calorimetric determination. 
The type of bomb, amount of water in tlie bomb, oxygen pressure, and amount of 
sample taken shall be the same as specified under tlie calorimetric determination 
(see Sections 51 to 54 of ASTM D271-58 not included here). The bomb shall 
stand in the calorimeter water for not less than 5 minutes after firing. 

Subsequent Trcatmeui.— Remove the bomb from the calorimeter water and open 
the valve carefully so as to allow the gases to escape at an appioximately e\en 
rate so die pressure is reduced to atmospheric in not less than 1 minute. Bombs 
equipped witli valves other than needle valves, such as compression valves, shall 
be provided with a device so the valve can be controlled to permit a slow and uni- 
form release of the gases. Open the bomb and examine the inside for traces of 
unburned material or sooty deposit. If these are found, the determination shall 
be discarded. Wash carefully all parts of die interior of the bomb, including the 
tray, with a fine jet of water containing methyl orange (sec Section 25) until no acid 
reaction is observed. It is essential to wash through the valve opening in the case 
of bombs equipped with compression valves, or other types of valves with large 
openings, as considerable spray may collect in such valve openings. 

Collect the washings in a 250-mI. bcakVr and titrate with standard sodium or 
potassium hydroxide solution to obtain the “acid correction” for tlte heating value, 
as specified under Uve calorimetric determination. Add 1 ml. of NH 4 OH, heat 
the solution to boiling, and filter tlirough a qualitative paper. Wash the residue 
and paper tfioroughly five or six times with hot water. To tlie filtrate and wash- 
ings, amounting to about 250 ml., add 1 ml. of saturated bromine water and sufii- 
cient HCl to make it slightly acid. Boil tlie solution to expel the excess bromine. 
Adjust tlie acidity, precipitate, and determine the sulfur as specified under die 
Esclika method, Section 23. 

SULFUR BY THE SODIUM PEROXIDE FUSION METHOD 

27. Apparatus. Combustion Bomb.— The Parr coal-sulfur bomb, or its equivalent, 
shall be used. The bomb sliall have aii inner surface that is not attacked by die 
chemicals on ignition of the cliarge. 

28. Reagents. Benzoic acid, powdered. 

Hydrochloric Acid (sp. gr. 1.19).— Concentrated hydrodiloric acid (HCl). 

Potassium diloratc (KCIO3), powdered. 

Potassium perchlorate (KCIO 4 ), powdered. 

Sodium peroxide (Na^Oj.), powdered, sulfur-free. 

29. Procedure for Coal and Coke.-Place 1 g. of KCIO 4 or KCIOg in a dry sulfur 

i®W. A. Sclvig and A. C. Fiddlier, “Check Detcrniinatlons of Sulfur in Coal and Coke 
by the Eschka. Bomb-Washing, and Sodium Peroxide Fusion Methods.” Industrial 
Engineering Chemistry, Vol. 29, pp. 729-733 (1927). 
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bomb and break up any lumps that occur. Add 0.5 g. of tire sample and mix 
thoroughly witlr a glass rod. Then add about 15 g. of NaoOo (Caution, Note 17) 
close the bomb, and mix thoroughly by shaking. In the case of cokes or anthracites, 
or coals excessively high in ash that fail to ignite or fuse properly (as indicated by 
die fusion being honeycombed in appearance), add 0.3 g. of benzoic acid to the 
bomb at tire time die clilorate and sample are added. 

Note 17; Caution.— It should be noted that a mixture of KCIO 3 and organic matter 
alone produces a mixture of extremely explosive properties. One of the important func- 
tions of the NaoOo is to provide a diluent, thus slowing down the reaction, so care should 
be taken that it is" not omitted in the charge. Potassium perchlorate is fully equal if not 
superior to the KCIO 3 , and is without turbulence in its reaction. 

Fasten the cover securely to the bomb and ignite the charge (Caution, Note 18) 
by applying a sharply pointed flame from a blast lamp to die bottom of the bomb 
for a brief period, or by electric ignition, according to die type of bomb used. Al- 
low 1 minute for complete combustion to take place after ignition; then cool under 
the tap or in a vessel of water. 

Note IS: Caution.— Place the bomb inside a piece of steel pipe when the charge is 
ignited to prevent possible injury to the operator if the bomb should burst. 

Remove the cover from the bomb, place the bomb on its side in a 400-ml. beaker, 
and wash die cover with a fine jet of hot water. Place a watch glass over the beaker 
and cautiously add about 100 ml. of hot water. After the contents of the bomb 
have dissolved, remove and rinse it carefully with the water. Slowly add HCl to the 
neutral point; dieii add 1 to 2 ml. of HGl in excess. Filter through qualitative 
paper into a 600-ml. beaker and wash thoroughly five or six times with water. Di- 
lute the filtrate to approximately 400 ml., and precipitate die sulfur with BaCL 
solution and determine as specified under the Esclika mediod. Section 23. 

Blank Correction.— Apply a correction by running a blank on the reagents used. 

PHOSPHORUS IN ASH 

50. Reagents. Ammonium nitrate (NH^NOg). 

Hydrofluoric acid (HF). 

Molybdate Solution.— Dissolve 65 g. of molybdic acid (85% MoOg) in a mixture 
of 143 ml. of NH^OH and 142 ml. of water. Add this solution slowly, while stirring 
constandy, to 715 ml. of HNO 3 (3:5). If the solution is cloudy, add two drops of 
the ammonium phosphate solution and allow the precipitate which forms to settle. 
Filter the solution into bottles and, if necessary, refilter just before using. If the 
molybdic acid used is 100% M 0 O 3 , 56 g. should be taken instead of 65 g. 

1.42).— Concentrated nitric acid (HNO 3 ). 

Nitric Acid (3:5).— Mix 3 volumes of HNO 3 (sp. gi'. 1.42) with 5 volumes of water. 

Potassium niu-ate (KNO3). 

Sodium carbonate (NaXOg). 

Sodium Hydroxide, Standard Solution.— The sodium hydroxide (NaOH) may, well 

e made equal to 0.00025 g. of phosphorus per milliliter, or 0.005% for a 5-g. sample, 
^uch a solution would be 0.926 of 0.2 N.^'^ 

Sodium nitrate (NaNOg). 

Cofte; For all Cases.— Add to the ash from 5 g. of the 

”tp e. in a platinum crucible, 10 ml. of HNOg (sp. gr. 1.42) and 3 to 5 ml. of HF, 

and Buch, Chemical Engineer, Vol. 10, p. 130 (1909). 
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Evaporate die liquid, ignite the residue, and fuse with 3 g. of NaXOj. If uii- 
burned carbon is present, mix 0.2 g. of NaNO^ with the carbonate. Leach the melt 
with water and filter the solution. 

Ignite the residue, fuse with Na^COg alone, leach the melt with water, and filter 
the solution. Just acidify witli HNOg die combined filtrate held in a flask, add 3 
to 5 ml. of HNOg (sp. gr. 1.42) in excess, and concentrate to a volume of 100 ml. 

Add 6 g. of NH^NOg, bring the temperature of the solution to SO^C., add 50 ml. 
of molybdate solution, and shake the flask for 10 minutes. When the precipitate has 
settled, filter, and wash the precipitate until free from acid with KNOg solution 
( 2 %). 

Place the filter paper with tlie precipitate in the flask, add 25 ml. of recently 
boiled water, and macerate the filter paper with a glass stirring rod. Add a meas- 
ured excess of NaOH solution and agitate the solution to completely dissolve die 
precipitate. Add three drops of phenolphihalein solution as an indicator and 
titrate the excess NaOH with a standard HNOg solution. 

Note 19.— Tiie advantage of the use of HF in the initial attack of the ash lies in the 
resulting removal of sihca. Fusion with alkali carbonate is necessary for the elimination 
of titanium, which if present and not removed will contaminate the phosphomolybdatc 
and IS said to sometimes retaid its precipitation. 

32. Procedure for Coal and Coke: IVhen Titanium Is Lorn.— When titanium is 
so low as to offer no interference, decompose the ash as described in Section 31, 
but carry the evapor.uion only to a volume of about 5 ml. Dilute the solution with 
water to 30 ml., boil, and filter into a flask. If the waslungs are turbid, pass them 
again ilirough the filter. Ignite the residue in a platinum crucible, fuse with a 
small amount of NaoCOg, dissolve the melt in HNO 3 , and add the solution, if 
clear, to the main one. If not clear, filter. Tlie fusion of the residue may be 
dispensed with in routine work on a given coal or coke, if it is certain that the 
lesiduc is free fiom pliosphorus. 

Add NH^OH to the filtrate until a slight precipitate ensues. Add HNO 3 (sp. gr. 
1.42) to just dissolve the precipitate: then add 3 to 5 ml. of the acid in excess. 
Heat the solution, whicli should have a volume of about 100 ml., to 80®C. and add 
50 ml. of moylbdaie solution. Shake Uie flask for 10 minutes, filter and determine 
the phosphorus as described in Section 31. 

CARBON AND HYDROGEN 

33. The determination of carbon and hydrogen is made by burning a weighed 
quantity of sample in a closed system and fixing the products of combustion in an 
absorption train after complete oxidation and purification from interfering sub- 
statices. This metliod gives the total percentages of carbon and hydrogen in the 
toal as analyzed, and includes the carbon in carbonates and tlie hydrogen in the 
moisture and in tlie water of hydration of silicates. 

3-1. Apparatus. Oxygen purifying train, consisting of the following units ar- 
ranged as listed in the order of passage of oxygen. 

(/) First Water Absorber. A container for the solid dehydrating reagent. It 
shall be so constructed that the oxygen must pass througli a column of reagent ade- 
quate to secure water equilibrium equal to that secured in the prescribed absorp- 
tion train. A container of large volume and long path of oxygen travel through 
the reagent will be found to be advantageous where many carbon and hydrogen 
ilcicrminations are made. 
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m Carbon Dioxide Absorber. A container for solid carbon dioxide absorbing 
liociit. It shall be constructed as described in item (I) (above) and shall provide 
(or a column of reagent adequate to remove completely carbon dioxide. 

(1) Second water absorber, same as specified in Item (/) of this paragraph. 

A) Flow meter, used to permit volumetric measurement of the rate of flow of 
„xv<'eu during the determination. It shall be suitable for measuring flow rates 
within the range of 50 to 100 ml. per minute (standard temperature and pressure), 
•liie use of a clouble-stage pressure-reducing regulator with gauge and needle valve 
jaccetiing the first water absorber is recommended to permit easy and accurate 
luljustment of the rate of flow. 

Combustion Unit.— The combustion unit shall consist of three electrically heated 
furnace sections, individually controlled, which may be mounted on rails for easy 
movement; the upper part of each furnace may be hinged so that it can be opened 
(or iuspectiou of die combustion tube. The three furnace sections shall be as 
follows: 

(/) Furnace Section 1, nearest the oxygen inlet end of the combustion tube, ap- 
proximately IB cm. long and used to heat the inlet end of die combustion tube 
and the sample. It shall be capable of rapidly attaining an operating temperature 
of 850“ to 900“C. (Note 20). 

(2) Furnace Section 2, approximately 33 cm. in length and used to heat that 
portion of the tube filled with cupric oxide. The operating temperature shall be 
850“ i 20“C. (Note 20). 

()) Furnace Section 3, approximately 23 cm. long, and used to heat that portion 
of the tube filled with lead chronitite or silver. The operating temperature shall 
be 500“ ± 50“C. (Note 20). 

Noic 20.— Combustion tube temperatures sliall be measured by means of a thermocouple 
pl.icctl iinuiediately adjacent to the tube near the center of the appropriate tube section. 


Combustion Tube.— The combustion tube shall be made of fused tjuartz or high- 
silica glass and shall have a nominal inside diameter which may vary within the 
limits of 19 to 22 mni. and a minimum total length of 97 cm. The exit end shall 
be tapered down to provide a tubulated section for connection to the absorption 
train. The lubtilatetl section shall have a lengdi of 2 to 2.5 cm., an internal diam- 
eter of not less than 3 mm., and an e.xternal diameter of approximately 7 mm. 
Ibe tot;d length of the reduced end shall not exceed 6 cm. If a translucent fused 
'P'^'ctz tube is used, a transparent section 10 cm. long, located 25 cm. from the 
oxigen inlet end of the tube, will be found convenient. 

^ Ctnnbustion Boat.— This shall be either glazed porcelain, fused silica, or platinum. 
‘lU-its with internal dimensions of approximately 70 by 8 by 8 mm. have been 
tmiiid convenient. 

Absorption Train,— The absorption train shall consist of the following units ar- 
muged as listed in the order of passage of o.xygen: 

(0 ^’^aler absorber, having a capacity for -15 cu. cm. of solid reagent and a mini- 
lengtii of gas travel through the reagent of 8 cm.v-> 

(-) Carbon Dioxide Absorber. If solid reagents are used for carbon dioxide 
Option the container shall be as described in Item (i) of this paragraph. If 
^ unon is used, the container shall be a Vaiiier bulb. 


found satisfactory for this purpose, 
containers such as the Nesbitt. Schwartz U-tube and the 
hevn (omid satisfactory. 


Stetser-Norton 
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(1) Guard Tube. A container as described in Item (2) of this paragraph. 

35. Reagents. Oxygen, 99.5% purity or better (Note 24). 

Combustion Tube Reagents.— (2) Cupiic oxide, (CuO) wire form, dust-free. 

(2) Lead chromate, (PbCrO^) approximately 8- to 20-mesli size. 

(3) Silver gauze, 99.9% silver minimum purity, 20 mesh, made from approximately 
No. 27 B. & S. gauge wire. 

(2) Copper gauze, 99.0% copper minimum purity, 20 mesh made from approxi- 
mately No. 26 B. & S. gauge wire. 

purification and Absorption Train Reagents.— (2) Water Absorbent. Anhydrous 
magnesium perclilorate (Mg(C 104 ) 2 ) of approximately 8- to 45-mesh size (Note 21). 

Note 21.— Trade names of the reagents are Anhydrone and Dehydrite. 

(2) Carbon Dioxide Absorbent. If a solid reagent is used, it shall be sodium or 
potassium hydroxide (NaOH or KOH) impregnated in an inert carrier of approxi- 
mately 8- to 20-mesh size. Use of soda lime in place of the above or in admixture 
with them is permissible (Note 22). If a solution is used, it shall be 30% by weight 
potassium hydroxide (KOH). 

Note 22.— Trade names of the sodium and potassium hydroxide permissible solid carbon 
dioxide absorbing reagents are: Ascarite, Caroxite, and Mikohbite. If soda lime is used 
in admixture with any of the foregoing, it should not exceed 30% by weight of the total 
reagent. In using Ascarite it may be necessary to add a few drops of water to this 
reagent to assure cotupiete absorption of carbon dioxide. 

36. Preparation of Apparatus. Combustion Tube Packing.— To ensure complete 
oxidation of combustion products and complete removal of interfering substances 
sucli as oxides of sulfur, the combustion tube shall be packed with cupric oxide 


Furnace ! I .. « « i ... 

Section I I t Furnoce Section 2 iFurnoce Section 



Fic. 31-8. Airaiigement of Tube Fillings for Combustion Tube. 

vl— Clear fused quartz section (optional) when a translucent quartz tube is used. 

Z?— Cupric oxide filling. 

C— Lead chromate or silver filling. 

Pit P 2 > or 2 * 3 — oxidized copper gauze plugs. 

NOTE.— All dimensions are given in centimeters. When furnace sections longer lha» 
those specified in Section 34 aie to be used, changes in the above dimensions shall be 
in accordance with the provisions of Note 23. 

and lead chromate or silver. The arrangement and lengths of the tube fillings and 
separating plugs shall be as shown in Fig. 31-8. It is recommended that die tube 
be placed in a vertical position (constricted end downward) for packing. When 
filling the tube with lead chromate, any residual reagent adhering to the walls of 
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the empty portion of the tube must be removed. When silver is used as a tube 
filling, the required lengtli of filling may be prepared conveniently from three or 
four strips of silver gauze 15 to 20 cm. long, by rolling each strip into a cylindrical 
plug and inserting the strips end-to-end in the tube (Note 23). 

Note 23.-Longer furnaces with appropriate lengths of tube packing will be satisfactory. 

Absorption Train.-(i) Water absorber, consisting of a container filled with a 
permissible solid desiccant by adding the required amount in small portions and 
settling each portion by gentle tapping between additions. A glass wool plug shall 
be placed between the reagent and the absorber outlet to prevent loss of reagent 
"dust.” 

(2) Carbon Dioxide Absorber. If a solid reagent is used for the retention of car- 
bon dioxide, the absorber shall be filled as described in Item (1) of this paragraph. 
A layer or "cap” of desiccant shall be placed in the outlet section of the container 
and shall be the same as that used in the water absorber. This layer shall have 
a bulk volume not less than one-fourth nor more than one-third of the combined 
volume of boda reagents. If a liquid absorbent is used, the inner tube of the 
Vauier bulb shall be filled with the same desiccant used in the water absorber. A 
glass wool plug shall be placed in the outlet section of the container to prevent 
loss of reagent "dust.” 

(5) Guard tube, packed with equal volumes of the water absorbent and a solid 
carbon dioxide absorbent. 

Connections.— To ensure a closed system from the supply tank of oxygen to the 
guard tube at the end of the absorption train, it is recommended that all connec- 
tions be glass-to-glass or glass-to-quartz butt joints with short lengths of flexible 
tubing as seals. The connection between the purification train and the combus- 
tion tube may be made by means of a rubber stopper or other suitable device. All 
connections shall be gas-tight. No lubricant shall be used for making tubing con- 
nections in the absorption train. 

Conditioning of Apparatus.— (/) Newly Packed Combustion Tube. A sample of 
coal or coke shall be burned as described in Section 37, except that the products 
of combustion need not be fixed in a weighed absorption train. 

(2) Used Combustion Tube. After any extended shut down, one day or more, 
the combustion train shall be tested under procedure conditions, but without burn- 
ing a sample, for 40 minutes with weighed absorption bulbs connected. A varia- 
Uon of not more than 0.5 mg. of either bulb shall be considered satisfactory (Note 

•Note 24.— If the blank tests for flow indicate interfering impurities in the oxygen sup- 
P y by consistent weight-gain in the absorption bulbs, these impurities shall be eliminated 
>) Using a preheater furnace and tube, filled with cupric oxide. This preheater furnace 
^ a be operated at 850“ =±= 20“C. and shall be inserted in series between the .supplv fink 
«o^ygen and the purification train. ^ ^ ^ 

Q) Absorption Train. Freshly packed absorber and guard tubes shall be con- 
itioncd by burning a sample of coal or coke as described in Section 37, except 
ii-ntube weights need not be determined. 

^^(0 Standard checlis shall be made frequently, particularly when intermittent use 
‘ le combustion train is common or when any changes have been made in the 
cm. A standard substance of certified analysis, such as benzoic acid or sucrose 
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as furnished by the National Bureau of Standards shall be burned as described in 
Section 37. A variation from the Uieoretical of not more than 0.07% for hydrogen 
nor more than 0.30% for carbon shall be considered satisfactory. 

37. Procedure .— the combustion tube and absorbers have been conditioned 
as prescribed in Section 3G, the test shall be made as follows: 

(a) Absorption Train.— Bring the absorption lubes to room temperature near the 
balance for 15 to 20 minutes, vent momentarily to the atmosphere, wipe with a 
chamois or lint-free cloth in the areas where handled, and weigh to the nearest 
0.1 mg. 

(b) Sample.— Weigh approximately 0.2 g. (tveighed to the nearest 0.1 mg.) of air- 
dry sample ground to pass a No. 60 (250 micron) sieve into a combustion boat 
(Note 25). 

(c) Sample Analysis.— With furnace Sections 2 and 3 at specified temperatures and 
positioned as shown in Fig. 31-8, perform the following operations in rapid succes- 
sion in the order listed: 

(7) If a con\entional type of sample heating furnace is used for heating section 
No. 1, place it so that its left-hand edge is about 10 cm. from the oxygen inlet end 
of the combustion tube. 

(2) Attach the weighed absorption train to the tube. 

(i) Push the sample boat into the tube to a point within approximately 2 cm- 
from plugPj. 

(-7) Close the tube and adjust tlic oxygen How to a rate of 50 to 100 ml. per 
minute (standard temperature and pressure) being the same as used in blanking. 
Section 36 for Used Combustion Tube. 

(5) Apply full heat to heating section No. 1 to bring it to an operating tempera- 
ture of 850* to 900*C. as rapidly as possible. 

Move the Jieaier slowly toward the boat so that it completely covers the boat and 
is brought into contact with heating section No. 2 in a period of 10 to 20 minutes 
(Note 26). Allow it to remain in this position for an additional 5 to 10 minutes, 
and then shut off ihe heat and return tlie sample heater to its original position. 
Continue the flow o£ oxygen through the tube tor 10 -minutes (Note 27), dote the 
absorbers under a positive pressure of oxygen, and detach them from the train. 
Remove the absorbers to tl;e vicinity of the balance, allow them to cool to room 
temperature for 15 to 20 minutes, vent momentarily to atmosphere, wipe them 
with a chamois or lint-free cloth in the areas handled, and finally weigh them to 
the nearest 0.1 mg. While the absorbers are cooling, it is recommended that the 
ash remaining in the combustion boat be examined for traces of unburned carbon 
which, if present, will nullify the determination. 

Note 25.— It may be beneficial to grind fly ash, pit ash, calcined coke, and high mineral 
content mateiinls to pass a No. 100 (149 iniaon) sieve. 

Note 26.— Some variation in operating technique and heater manipulation may be perj 
milled here at the discretion of the analyst, provided that is conducive to a gradual and 
controlled release of volatile matter. Conditions that lead to visible burning (flame com- 
bustion) of the sample shall be avoided. 

Note 27.— Since water may condense in the cooler outlet end of the combustion tube 
or in the inlet arm of the water absorber, the use of an external or internal heat conduct- 
ing device (a metal heat bridge) is recommended to prevent such condensation or promote 
re-evaporation during this flushing period. 

38. Calculations.— Calculate the percentage of carbon (Note 28) and hydrogen 
as follows: 
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Hydrogen, % = 


A X 11.190 
C 


Carbon, % = 


B X 27.289 
C 


^vhere A = increase in weight of moisture absorption bulb, in grams 
B = increase in weight of COo absorption bulb, in grams 
C - grams of sample used 

Note 28.— It is recognized that formation of oxides of nitrogen during the combustion 
procedure may lead to slightly high results for carbon. However, extensive study of this 
diect bv five laboratories led to the conclusion that error so incurred would not be sig- 
luficaut'in commercial application. In certain research applications, where accuracy of a 
higher order is required, means of removing oxides of nitrogen prior to water and carbon 
dioxide absorption should be included. 


NITROGEN 

39. The determination of nitrogen shall be made by either the Kjeldahl-Gunning 
method or the alternate methods described in Sections 40 to 44. In these proce- 
dures nitrogen is converted into ammonium salts by destructive digestion of the 
sample with a hot, catalyzed mixture of concentrated sulfuric acid and potassium 
sulfate. These salts are subsequently decomposed in a hot alkaline solution from 
which the ammonia is recovered by distillation, and finally determined by alka- 
limetric or acidimetric titration. 

■iO. Apparatus. Digestion Unit.— An electrical heater of approximately 500-watt 
minimum rating or a gas burner of comparable capacity; either type of heater shall 
be provided with adequate means of control to maintain digestion rates as de- 
scribed in Note 29. Commercially made, multiple-unit digestion racks provided 
with fume exhaust ducts may be used. 

Note 29.— If commercially made electrical heaters are used, auxiliary voltage control 
wjuipinent, such as an autotransformer, may be needed to maintain the specified rates 
of digestion and distillation. 

Distillation Unit.— An electrical heater or gas burner as described above; either 
type shall be provided with adequate means of control to maintain distillation 
rates as described in Note 29. Commercially made, multiple-unit distillation racks 
provided with water-cooled glass or block tin condensers may be used. 

Condenser.— .A. glass condenser, water-cooled, having a minimum jacket length 
of 500 mm. This apparatus is not ordinarily required when a commercially made 
distillation rack is used. 

Kjeldahl digestion flask, of heat-resistant glass, having a capacity of 500 or 
800 ml. 

K-jeldahl connecting bulb, cylindrical type, 45 mm. in diameter by 100 mm. long, 
or larger, with curved inlet and outlet tubes. 

Etlenmeyer flask, having a capacity of 250 or 300 ml. 

Glass connecting tube, approximately 10 ram. in outside diameter by 200 mm. 

lung, ' 

Rubber tubing, short piece. 

-'Alkali Solution.— Dissolve 80 g. of potassium sulfide (KoS) and 
g- of sodium hydroxide (NaOH) in water and dilute to 1 liter. The use of ap- 

I ytex glass has been found satisfactory for this purpose. 
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propriate amounts of sodium sulfide (NaaS) or potassium hydroxide (KOH) may be 
substituted for the above, if desired (Note 30, paragraph (c)). 

Etliyl Alcohol (95%).— Ethyl alcohol conforming to Formula No. SO or 2A of the 
U. S. Bureau of Internal Revenue. Methyl alcohol may be used. 

Mercury, metal (Note 30). 

Potassium permanganate (KMn 04 ), crystals. 

potassium sulfate (K 2 SO 4 ), crystals. 

Sucrose, National Bureau of Standards primary-standard grade. 

Sulfuric Acid (sp. gr. 1.84).— Concentrated sulfuric acid (H^SO^). 

Zinc, mossy or granular. 

NOTE 30.— Other satisfactory and permissible catai)sts for the digestion, together with 
the quantities of K 2 SO 4 required in their use, are as follows: 

(fl) Five grams of a mixture containing 32 parts by weight of K 2 SO 4 , 5 parts by weight 
of mercuric suUate (HgS 04 ), and i part by weiglit of selenium. 

(fj) Three-tentlis gram of mercuric selenite (HgSeOs) with 7 to 10 g. of K 2 SO 4 . 

(c) Thiee-tenths gram of cupric selenite dihydrjte (CuScOs - 21120 ) with 7 to 10 g. of 
^Vhen this mixtuie is used, the addition of a sulfide to the alkali solution is not 
neceisar). 

Reagents Required Only for KjeldahVGunning Method. Methyl Red Indicator 
Solution (0.4 10 1 g. per liter).— Dissolve U.U4 to 0.1 g. of methyl red in 50 ml. of 
95% ethyl alcohol or methyl alcohol and add 50 ml. of water. Broincresol green 
solutions of equal concentrations may be used. 

Sodium Hydroxide, Standard Solution (0.1 to 0.2 N).— Prepare and accurately 
standardize a O.I to 0.2 N sodium hydroxide (NaOH) solution against a primary 
standard. 

Sulfuric Acid (0.2 N).— Prepare and standardize a 0.2 iV sulfuric acid (H 2 SO 4 ) 
solution. The solution need not be standardized against a primary standard. 

Reagents Required only for Alternate Method. Boric Acid Solution (50 g. per 
liter).— Dissolve 5 g. of boric acid (H 3 BO 3 ) in 100 ml. of boiling water. Allow to 
cool before use. 

Mixed Indicator Solution,— Prepare a solution containing 0.125% methyl red and 
0.083% metliylene blue in 95% ethyl alcohol or in methyl alcohol. Prepare a 
fresh solution at bimonthly intervals. 

Sulfuric Acid (0.1 to 0.2 N).— Prepare and accurately standardize a 0.1 to 0.2 N 
sulfuric acid (HjSO^) solution against a primary standard; hydrochloric acid (HCl) 
of similar concentration may be substituted. 

42. SampZe.— Weigh approximately 1 g. (weighed to the nearest 1. mg.) of air-dry 
sample ground to pass a No. 60 (250 micron) or finer sieve, into a weighing scoop- 
In the case of coke and antliracitc, grinding the sample to pass a No. 200 (7^ 
micron) or finer sieve is recommended. 

43. Procedure for Kfeldahl-Gunning MeUiod.—{a) Carefully transfer the sample 
into a 500- or 800-mI, Xjeldahl flask containing 7 to 10 g. of K 2 SO 4 and 0.6 to 
0.8 g. of mercury (Note 30). Add 30 ml. of H 2 SO 4 (sp. gr. 1.84) to tire mixture by 
pouring it down the neck of the flask witli rotation, in order to wash any adherent 
sample material into the mixture. Swirl the contents of the flask several times to 
ensure thorough mixing and wetting of the sample. Incline tlie flask at an angle 
of 45 * to 60* on die digestion heater in a fume hood (Note 31), and heat the con 
tents to boiling, controlling the heat input in such a manner that the H 2 SO 4 vapors 
condense no more than halfway up the neck of the flask (Note 29). Continue the 
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ixjiiid^ until all sample particles are oxidized, as evidenced by a nearly colorless 
-dilution, or for at least 2 hours after the solution has reached a straw-colored stage. 
Ihe total lime of digestion will require 3 to 6 hours, except in the case of coke and 
.iiiiliracite. wliich may require 12 to 16 hours (Note 32). When die digestion is 
tuiupletecl and the solution has cooled, a few crystals of KMnO^ may be added to 
cimirc complete oxidation; further heating may be necessary to destroy the excess 
pciinaiiganate and decolorize the solution. 

Non: 31.-Wlien fume exhaust ducts or hoods are not available a Hengar tube may be 
iii'ciied in the neck of the flask. 

Notk l!2.-.\ddiiion of O.I g. of chromic anhydride (CrOa) to the digestion mixture has 
ban found very helpful in reducing the time of digestion for coke. 

(b) Dilute the cooled digestion mixture to about 300 ml. with cold water, and 
remove any heat of dilution by cooling with water. Meanwhile, measure into the 
230- or ;i00-ml. Erlenmeyer flask, 20.0 ml. of 0.2 N H^.SO j and add six drops of 
methyl red or bromcresol green indicator solution. Attach the glass connecting 
tube to the discharge end of the condenser, using a short piece of rubber tubing 
as a seal. Incline the Erlenmeyer flask at a suitable angle, and insert this tube so 
that the end is immersed to the maximum depth in the acid. Add 1 to 2 g. of 
granular zinc to tlie mixture in the Kjeldahl flask (two or three small pieces if 
mossy zinc is used), and slowly add 100 ml. of the alkali solution so that it forms 
a distinct layer under the acid solution. This may be accomplished by inclining 
the llask at an angle of 45° to 60° and pouring the alkali solution down the neck. 
Failure to maintain discrete layers during this operation may lead to loss of am- 
monia. Quickly connect the flask to the distilling condenser through the Kjeldahl 
tonneciing bidb, and then swirl the contents to promote thorough mixing. 

(r) Iking the contents of the Kjeldahl flask to a boil carefully, in order to avoid 
'iolent bumping, and then distill the ammonia over into the acid solution in the 
Itlcmueyer llask. Continue the distillation at a maximum rate of approximately 
kiO ml. per hour until 150 to 175 ml. of distillate have been collected. Discon- 
tinue the boiling, and remove the glass connecting tube from the condenser and 
Fikiuueyer flask. Rinse the tube with distilled water, collecting the washings in 
tbc Erlenmeyer llask, and then back-titrate the excess acid tvith 0.1 to 0.2 N NaOH. 

(4) Run a blank determination in the same manner as described above, using 
ypiiroximately 1 g. of sucrose (weighed to the nearest milligram) as the sample ma- 
(Note 33). 


on; 33.— jtlank cletcnninalious must Ijc made to correct for nitrogen from sources 
' "cr tliaa the sample. A blank determination shall be made whenever a new batch of 
teagetu is used in the analysis. 

fv) Calculation.— Calculate the percentage of nitrogen in the sample as follows: 


H 

X 

C 


Nitrogen, % 


(B - A)N X 0.014 
C 


X 100 


milliliters of 0.1 to 0.2 N NaOH solution required for titration of the sample 
millilitei-s of 0.1 to 0.2 :V NaOEI solution required for titration of the blank 
normality of the NaOH solution 
grains of sample used 
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Procedure for AUertiate Method.— Digest the sample as described in Section 

43(a). 

Dilute and cool the digestion mixture as described in Section 43(6). Add to the 
250- or 300-mI. Erlenmeyer flask approximately 20 ml. of H3BO3 solution and six 
drops of mixed indicator solution. Tlien proceed as described in the remainder 
of Section 43(6). 

Distill die ammonia into tlie H3BO3 solution exactly as described in Section 
43(c), and finally titrate die ammonia with 0.2 N H^SO^. 

Run a blank determination in die same manner as described abo\e, using ap- 
pioximalcly 1 g. (weighed to the nearest milligram) of sucrose as the sample ma- 
terial (Note 33). 

Calculation.— Calculate the percentage of nitrogen in the sample as follows: 


Nitrogen, % = 


(A - fi)/VX 0.014 
C 


X 100 


where A — milliliters of 0.2 N H2SO4 required for titration of the sample 
B — milliliters of 0.2 iV H^SO^ required for titration of the blank 
N = normality of the H2SO4 
C = grams of sample used 

OXYGEN 

45, Calculatiou.— There being no satisfactory direct ASTM method of determin- 
ing oxygen, it shall be calculated by subtracting from 100 the sum of the percent- 
ages of hydrogen, carbon, nitrogen, sulfur, moisture, and ash. The lesuli so 
obtained is affected by die errors incurred In the other determinations and also 
by the changes in weight of the ash-forming constituents on ignition. 

C/ILC17£./ir/OiV OF ANALYSES TO DRY BASIS 

•16. Calctdations. Coal Appearing Dry.— Calculate the analysis of the coal pass- 
ing the No. 60 sieve, which has become partly air-dried during sampling, to the 
dry-coal basis by dividing each result by 1 minus its content of moisture, as deter- 
mined in accordance with Section 4. Compute the analysis of the coal “as re- 
ceived" from the dry-coal analysis by multiplying by 1 minus the total moisture 
found in the sample passing a No. 20 sieve. 

Coal Appearing Wet.— Correct the moisture found in the air-dried sample (see 
Section 5) passing a No. 20 sieve to total moisture “as received,” as follows: 

where TAf =* total moisture of coal “as received" 

L = percentage of air-drying loss 

Af = percentage of moisture in air-dried sample passing a No. 20 sieve 

Calculate the analysis to “dry-coal" and “as-received” bases as described in Sec- 
tion 3 for dry coal, using for the “as-recei\ed" calculation the total moisture^ as 
calculated by the above formula in place of Ujc moisture found in the coal p.issing 
a No. 20 sieve (Note 31). 
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Note 34.-The accuracy of the method of preparing laboratory samples should be 
checked frequently by resampling the rejected portions and preparing a duplicate sample. 
The ash in the two samples should not differ by more than the following: 

No carbonates present 0.4% 

Considerable carbonate and pyrite present 0.7% 

Coals with more than 12 per cent ash, containing con- 
siderable carbonate and pyrite 1-0% 

Coal Appearing Wet or Dry, Sampled by Ball-Mill Method.— As all the analytical 
determinations are made on the air-dried sample passing a No. 60 sieve, calculate 
the analysis to “as-received” and "dry-coal” bases from the analysis of the air-dried 
coal as follows: 

C,akulation from Analysis of “Air-Dried” Coal to Coal “As Received/’ All Figures 
Expressed in per cent: 


Moisture “as received” = moisture X — - - + L 


100 

Volatile matter “as received” = volatile matter X 
Fixed carbon “as received” = fixed carbon X 


100 - L 
100 

100 - L 
100 


Ash “as received” = ash X 


100 - L 


Sulfur “as received” = sulfur X 


Hydrogen “as received” = hydrogen X 
Carbon “as received” = carbon X 


100 

100 - L 
100 

100 - i . £ 


Nitrogen “as received” = nitrogen X 


100 9 

100 - L 
100 

100 - L 


100 


o » . 100 - £ , 8£ 

Oxygen as received = oxygen X — b 


Calories “as received” = calories X 


100 - £ 
100 


"here L — air-drying loss. 

of “Air-Dried” Coal to “Dry” Coal, All Figures Ex- 
in per cent: ^ 


Volatile matter in “dry coal” 


volatile matter X 


100 


100 — moisture 
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Fixed carbon in “dry coal” — fixed carbon X 

100 


Ash in "dry coal” = ash X 


Sulfur in “dry coal” = sulfur X 


100 — moisture 
100 


100 — moisture 


Hydrogen in “dry coal” = (hydrogen - I moisture) X _ 


100 — moisture 


Carbon in “dry coal” *= carbon X 


Nitrogen in “dry coal” = nitrogcp X 


100 — moisture 
100 


100 — moisture 
100 


Oxygen in “dry coal” = (oxygen — f moisture) X ^qq _ 
Calories in “dry coal” * calories X 


100 — moisture 
100 


‘ 100 — moisture 


REPRODUCIBILITY OF RESULTS 

47, Rel)roducibUUy of Results.— The permissible differences between two or 
more determinations shall not exceed the values given in Table 31-3. 

DETERIORATION OF COAL SAMPLES 

48. Since coal samples on standing oxidize and cliange in composition, it is 
essential that tliey be analyzed as soon as possible after collecting the gross samples. 
If the Btu determination is an important consideration in the sale of coal, the time 
elapsed between sampling and analysis shall not exceed 30 days. 


FUSIBILITY OF COAL ASH “ 

This method covers the observation of the temperatures at which triangular 
pyramids (cones) prepared from coal ash attain and pass through certain defined 
stages of fusing and flow when heated at a specified rate in controlled, mildly re- 
ducing, and where desired, oxidizing atmospheres. 

The method is empirical, and strict observance of the requirements and condi- 
tions is necessary to obtain reproducible temperatures and enable different labora- 
tories to obtain concordant results. 

Definitions and Symbols.— The critical temperature points to be observed shall be 
as follows, denoting the atmosphere used: 

(a) Initial Deformation Temperature, A.— The temperature at which the first 
rounding of the apex or tlie edges of the cone occurs. Shrinkage or warping o 
the cone shall be ignored if the tip and edges remain sharp. In Fig. 31-9, cone 

21 Under the standardization procedure of the Society, this method is '^•^der the juru 
diction of the ASTM Committee D-5 on Coal and Coke. Proposed as ASTM Dl8a7-o 
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Table 31-3. Permissible Differences in Results 



Permissible 


Differences 


1 

Same 

Different 


Labora- 

Labora- 


tory 

tories 


On Laboratory Samples, Crushed to Pass a No. 20 
(840 Micron) Sieve 


Moisture: 



Under 5 per cent 

0.2 

0.3 

Over 5 per cent 

0.3 

1 

0.5 

1 


On Laboratory Samples, Crushed to Pass a No. 60 
(250 Micron) Sieve 


Moisture: 



Under 5% 

0.2 

0.3 

Over 5% 

0.3 

0.5 

Ash: 



No carbonates present 

0.2 

0.3 

Carbonates present 

0.3 

0.5 

Coals with more than 12% of ash, contain- 



ing carbonate and pyrite 

0.5 

1.0 

Volatile Matter: 



High-temperature Coke 

0.2 

0.4 

Anthracite 

0.3 

0.6 

Semianthracite, bituminous coal, low-tem- 



perature coke, and chars 

0.5 

1.0 

Subbituminous coal 

0.7 

1.4 

Lignite and peat 

1.0 

2.0 

Sulfur: 


1 

Coal, under 2% 

0.05 

0.10 

Coal, over 2% 

0.10 

0.20 

Coke 

0.03 

0.05 

Ultimate Analysis: 

Carbon. . 

0 3 


Hydrogen 

0.07 


Nitrogen 

0.05 
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shows an unheated cone; cone 2 sliows a typical appearance of a cone at the initial 
deformation stage. 

(b) Softening Temperature, Spherical, B.— The temperature at which the cone 
has fused down to a spherical lump in whicli the height is equal to the width at 
the base as shown in Fig. 31-9, cone 3. 

(c) Softening Temperature, Hemispherical, C.— The temperature at which the 
cone has fused down to a hemispherical lump at which point the height is one- 
half the width of the base as shown in Fig. 31-9, cone 4. 

(d) Fluid Temperature, D.— The temperature at which the fused mass has spread 
out in a nearly flat layer with a maximum height of Me in. as shown in Fig. 31-9, 
cone 5. 

Apparatus and materials. Furnace.— Any gas-fired or electric furnace conform- 
ing to the following requirements may be used: 

(/) Capable of maintaining a uni- 
form temperature zone in which to 
heat die ash cones. This zone shall be 
such that the difference in the melting 
point of pieces of pure gold wire 
when mounted in place of the ash 
cones on the cone support shall be not 
greater tlian 20*F. in a reducing atmos- 
phere test run. 

(2) Capable of maintaining the de- 
sired atmosphere surrounding the cones during heating. The composition of the 
atmosphere, reducing or oxidizipg, shall be maintained within die limits specified 
in the next sept^pn. Tli^ desired atmosphere in the gas-fired furnace surround- 
ing the cones shall be obtained by regulation of the ratio of gas to air in 
the combustion mixture. The desired atrnospherc in the electric furnace shall 
be obtained by of gases iptt^otluced into the hewing chapiber. The muffle 

shall be gas impervious, free from cracks. a«id the closure-plug tiglit fitting. 
The gas supply tube shall be scaled to the bacl, wall of th? preheating cham- 
ber, and shall not extend to the from of the preheating djamber against die 
perforated baffle. 

(3) Capable of regulation so that die rate of temperature rise sliall be 15“ ± 5"F. 
per minute. 

(■/) Providing meaqs of observing the ash cones during die heating. Observation 
on the same hori?ontal plane as the cone-support surface shall be possible. 

Cone Mold.— A commercially available cone mold as shown in Fig. 31-10. The 
cone shall be % in. in height and M in. in width at each side of the base which is 
an equilateral triangle. A ^teel spatula with a pointed tip, ground off to fit the 
cone depression in die molcj, is suitable for removal of die fish cone. 

Optical pyrometer or thepnocouple, for temperature measurements, conforming 
to die following requirements: 

(/) Optical Pyiometer.— optical pyrometer of the disappearing filament type 
shall be used. The instruiqent shall have been calibrated to be accurate widiin 
20“F. up to 2550“F. and widiin SOT. from 2550“ to 2900“F. (Note I). The 
pyrometer filament shall be sighted on the cones until the softening point tempera- 
ture C (Fig. 31-9) has been passed, and then sighted on the cone support. The 
pyrometer shall have readable graduations not larger than I0“F. 


A l\ a 


12 3 4 9 

A B C 0 

Fir. 31-9. Critical Temperature Points. 
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X- r i_Thf ovroineter equipment shall be stantlartlized periodically by a suitably 
. ^inned'stmidardiziiv- laboritor^y such as that of the National Bureau of Standards, or 
checked periodically against equipment certified by the Bureau of Standards. 

n) Thermocouble.—A thermocouple (Note 2) of platinum and platinum-ihodium, 
protected from the furnace gases by a glazed porcelain sheath, shall be used with 
•i hi«h-resistuncc raillivoltmeter or potentiometer that has been calibrated to be 
■iccurate and readable to wiUiin 10“F. The sheath shall be sealed to the furnace 
wall by aluudum cement. The hot junction of the thermocouple shall touch the 



end of the sheath and shall be located in the center of the muffle and immediately 
to the rear of the cones. The potentiometer or millivoltmeter shall be so located 
or adequately shielded as to prevent radiant and convection heating of the cold 
junction. The room temperature compensator shall be adjusted to the existing 
temperature. 

Non; 2.— The thermocouple shall be checked periodically against a certified thermo- 
toupie. I he thermocouple protective sheath shall be checked periodically for cracks. 

Ash-Cone Refractory Support.— Tlte ash cones shall be mounted on a refractory 
base composed of a mixture of equal parts by weight of kaolin and alumina con- 
foiming to the following requirements: 

{1) ivijofin.— NF-Grade powder passing a 74-micron (No. 200) sieve. 

(2) Aluminum O.v/de.— Reagent grade ignited powder passing a 149-micron (No 
hJO) sieve. ' 

Refractory Support Mold.— A mold with flat top and bottom surfaces to provide 
a re ractory support of suitable thickness to minimize warping. A side-mold not 
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over U in. high of any convenient shape, placed on an iron plate so that the top 
surface of the refractory mix can be struck off flat and parallel to the base by means 
of a straightedge is satisfactory. For electric furnace use, legs not over H in. long 
may be provided on the corners of the cone support by suitable holes bored in 
the iron base plate of the mold. 

Gold and Nickel Wire.— Pure gold and pure nickel wires, having melting points 
in a reducing atmosphere of 1945“F. and 2646®F., respectively, shall be used in the 
gas-fired furnace. Gold wire shall be used in the electric furnace. 

Test Atmosphere. Gas-Fired Furnace. (/) Reducing Atmosphere Test.— A mildly 
reducing atmosphere surrounding the cones shall be maintained during the test in 
the gas-fired furnace. Hydrogen, hydrocarbons, and carbon monoxide shall be 
considered as reducing gases; oxygen, carbon dioxide, and water vapor shall be 
considered as oxidizing gases. Nitrogen is inert. The ratio by volume of reducing 
gases in the atmosphere shall be between the limits of 20 to 80 and 80 to 20,^2 
that is, on a nitrogen-free basis, the total amount of reducing gases present shall 
be between tlie limits of 20 and 80% by volume. A flame 6 to 8 in. in height and 
tinged with yellow above the furnace outlet has been found to provide an atmos- 
phere within the specified lifnits. 

(2) Oxidizing Atmosphere Test.— An atmosphere containing a minimum amount 
of reducing gases shall be maintained surrounding the cones during the test in tile 
gas-fired furnace. On a nitrogen-free basis, the volume of reducing gases present 
in the atmosphere shall not exceed 10% by volume. Combustion with the maxi- 
mum possible quantity of air with preservation of the specified rate of temperature 
increase has been found to provide an atmosphere within the specified limits. A 
completely blue flame, not over 2 in. in height above the outlet at the beginning 
of the test, provides die desired atmosphere; and, by regulation of the combustion 
gas-air ratio, the specified atmosphere and temperature rise can be maintained. 

Electric Furnace, (i) Reducing Atmosphere Test.— A regulated flow of gas of 
the nominal composition, 60% carbon monoxide and 40 =b 5% carbon dioxide by 
volume 23 shall be maintained in the heating diamber throughout the test (Note 3) 
in the electric furnace. The gas stream shall be regulated by any convenient means 
to provide a measured flow of 1.3 to 1.5 furnace volumes per minute. 

(2) Oxidizing Atmosphere Test.— A regulated stream of air shall be maintained 
throughout the test in the electric furnace. The gas stream shall be regulated by 
any convenient means to provide a measured flow of 1.3 to 1.5 furnace volumes 
per minute. 

Note 3.— New cylinders of the mixed gas for which a certified analysis is not available 
should be mixed before use by supporting the cylinder at an angle with the botmm in a 
pan of warm water while circulating cold water across the upper part of the cylinder for 
several hours. Certified analyses of each cylinder or batch can be obtained for a small 
extra charge. 

Preparation of Ash.— Use coal or coke passing a 250-micron (No. 60) sieve pre- 
pared in accordance with the Methods of Laboratory Sampling and Analysis of 
Coal and Coke (ASTM D27I, p. 1145) to obtain the ash by incineration in a well- 
ventilated muffle furnace. The quantity of coal or coke required will vary with 

22i'or information concerning the effect of various atinospheies, see U. S. Bureau of 
Mines Bulletin 129 (1918). 

2‘i This gas is available from the Matheson Gas Co., Inc. 
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tl.e ash content; usually 3 to 5 g. of ash will be sufficient for cones several check 
determinations, if necessary. Spread out the coal or coke in a layer not k • 
in depth in a fireclay or porcelain roasting dish. Place the dish m the cold muffle 
or on the hearth at a low temperature and gradually heat to redness at sue a 
rate as to avoid mechanical loss from too rapid expulsion of volatile matter (Note 4). 
Complete the conversion to ash at a temperature of 1470° to 1650°F. Transfer the 
ash to an agate mortar (Note 5) and grind it so that it will pass a 74-micron (No. 
200) sieve. Then spread the ash in a thin layer in a fireclay, silica, or porcelain 
dish and ignite it in a stream of oxygen for 1% hours at 1470° to 1560°F. to ensuie 
complete and uniform oxidation of the ash. Any tube or muffle-type furnace 
whicli, when supplied with an oxygen flow of not less than one furnace volume 
in 5 minutes, will maintain a highly oxidizing atmosphere and will be suitable. 


Note 4.— A heating rate conforming to that used for the modified ash determination 
specified in Section 14, Note 7(a) of Method D271 is satisfactory. 

Note 5.— A mechanical agate mortar grinder will save time where many determinations 
are made. An iron mortar or pestle must not be used. 

Preparation of Cones.— Thoroughly mix the ignited ash in a mechanical mixer 
or on a sheet of glazed paper or oilcloth by raising first one corner to roll the ash 
over, and. then raising each of the other corners in rotation in the same manner 
until each corner has been raised five times or more. 

Take sufficient ash for the number of cones desired from various parts of the 
bulk ash. Moisten the ash with a few drops of a clear, filtered (if necessary) 10% 
solution of dextrin containing 0.1% salicylic acid as a preservative and work it into 
a stiff plastic mass with a spatula. Press the plastic material firmly with a spatula 
into the cone mold to form the triangular pjTamids. Strike off the exposed sur- 
faces of the material smooth and remove the cones from the mold by applying 
pressure at tire base rvith a suitably pointed spatula. Pr.evious coating of the mold 
with a thin layer of petroleum jelly, thinned with kerosene (if necessary), aids in 
preventing adherence of the cones to the mold and in providing the sharp point 
and edges desired in the cone. With certain coal ashes, cones with sharp points 
and edges can be obtained using distilled water in place of the dextrin solution 
and without the use of petroleum jelly. 

Place tire cones in a suitable location to dry sufficiently to permit handling with- 
out deformation. Mount the dried cone vertically on a freshly prepared refractory 
base. Moisten a portion of the well-mixed kaolin-alumina mixture with the mini- 
mum amount of water to make a workable, but stiff, plastic mass, and firmly press 
It into the support mold. Strike off the surface of the mass flat and smooth with 
a steel spatula, moistening with one or two drops of water if necessary to obtain 
a smooth surface. A number of cones may be mounted on one base. Make shallow, 
triangular depressions, not over %2 in. in depth, with a triangular file ground to 
the correct size to produce a depression to fit tire base of the cone, and locate the 
cones sufficiently distant from adjacent cones so that no merging of the fusin^x 
material of the cones shall occur during the test. Mount the cones vertically in 
the depressions while the base is still wet without the use of ash or refractorv as 
a mounting aid (Note 6). ^ 


Note 6.— The intent of the triangular depression 
m a sufiicienily stable manner to permit handling 


is to enable the cones to be 
of the prepared support rvith 


mounted 

cones. 
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Mount K'-i”- lengths of gold and nickel wire vertically on each support by insert- 
ing wire into the support before drying. For the reducing atmosphere test in ilic 
electric furnace, do not use nickel wire. 

Dry the mounted cones in a drying oven at 220®F. for hours, remove the 
support mold, and ignite the mounted cones in an open muffle at 1100‘’F. for 30 
minutes to remove all carbonaceous material (Note 7). 

N’OTE 7.— If no organic material has been used in the preparation of the moinued tones, 
this ignition step may be omitted. The drying step must be retained. 

Procedure. Reducing Atmosphere Test.— (/) Place the mounted test cones in 
the furnace at a temperature of not over 1470'*F. for tlie gas-fired furnace, and not 
over 750*F. for the electric furnace in order to provide sufficient time to purge 
the air from ilie uniform temperature zone and establish the desired atmosphere. 

(2) If the furnace temperature is below the respective temperature specified in 
Item (7), raise it rapidly to the specified temperature; then control the rate of 
heating to give a rate of temperature increase of 15" =b 5'F. per minute. Maintain 
this rate throughout the test. 

(2) Establish the mildly reducing atmosphere surrounding the cones, as specified 
in the section on Test Atmosphere (p. 1174), at the temperature specified in Item 
(1) for the respective furnace type. Maintain this atmosphere throughout the lest 
(Note 8). 

Note 8.— At temperatures of the order of 2500" to 2600*F. and above in the gas-fired 
furnace, It may not be possible to maintain the reducing gases above the 20% by volume 
limit specified while also preserving the specified rate of temperature increase. At sucli 
lempciaturcs. the clfect of the atmosphere is not so critical as the maintenance of the 
specified heating rate. Every effort shall be made to maintain tlie reducing gases as near 
the 20% by volume level as possible at such temperatures. 

Oxidizing Atmosphere Test.— (/) Place the mounted test cones in the furnace at 
a temperature of not over 1470*F. for the gas-fired furnace, and not over 750®F. for 
the electric furnace. If the furnace temperature is below the respective temperature 
specified in Item (/), raise it rapidly to the specified temperature, tiien control the 
r.itc of heating to give a rate of temperature increase of 15" ±5“F. per minute- 
Maintain this rale lliroughout the test. 

(2) Establish the oxidizing atmosphere surrounding the cones, as specified in the 
section on Test Atmosphere (p, 1174), at the temperature specified in Item (/) fof 
the respective furnace type. Maintain Uiis atmosphere throughout the test. 

Under the condition of tlie lest, the pure gold and pure nickel wires seldom melt 
at ihe exact temperatures (sec Coltl and Nickel Wire, p. 1174). The test results 
shall be rejected if the melting temperatures do not fall within the following ranges; 

Reducing atmosphere lest: 

Gold wire, "F 1930-1950 

Nickel wire, "F 2630-2650 

Oxidizing atmosphere test: 

Gold wire, "F. 1930-1950 

Nickel wire, ®F. Should not melt 

Vrccislon.—Repeatabiltly (Single Operator and Apparatus). For each point, the 
difference for the critical point temperature between two separate furnace runs sImII 
not exceed ±50"F. 
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Reproducibility {Different Operators and Apparatns).-¥oT each point, the dif- 
ference for the critical point temperature between two furnace runs shall not exceed 

the following: 

°F. 

For reducing atmosphere: 

Initial deformation point, A 125 

Softening point, spherical, B 100 

Softening point, hemispherical, C 100 

Fluid point, D 150 


For oxidizing atmosphere: 


Initial deformation point, A 100 

Softening point, sphericalj B 100 

Softening point, hemispherical, C 100 

Fluid point, D 100 


METHOD OF TEST FOR GROSS CALORIFIC VALUE OF SOLID 
FUEL BY THE ADIABATIC BOMB CALORIMETER 


1. This method describes the procedure for determining the gross calorific value 
of solid fuel by the adiabatic bomb calorimeter. 

2. Calorific value is determined in this method by burning a weighed sample 
in an adiabatic oxygen bomb calorimeter under controlled conditions. The calorific 
value is computed from temperature observations made before and after com- 
bustion, taking proper allowance for thermometer and thermochemical corrections. 

3. Definitions and Calorific value is the heat of combustion of a substance. 

It is usually expressed in British thermal units per pound. (Calorific value may 
also be computed in calories per gram or joules per gram when required.) 

One Btu (British diermal unit) equals 1055.07 absdliitfe joules. 

One international steam table calorie etjuals 4.1868 absolute joules. 

Gross calorific value is the heat produced by combustion of a unit quantity of 
solid fuel, at constant volume, in an oxygen bomb calorimeter under specified 
conditions such drat all water in the products remains in liquid form. (Refer to 
ASTM D407-44, p. 1276.) 

Net calorific value is a lower value calculated from the gross calorific value. 
It is equivalent to the heat produced by combustion of a unit quantity of solid 
fuel at constant atmospheric pressure, under conditions siich that all water in the 
products remains in the form of vapor. (Refer to ASTM D407-44, p. 1277.) 

Water equivalent, heat capacity, or energy equivalent is die energy required to 
raise the temperature of the calorimeter one degree, expressed as Btu per pound 
per degree Centigrade or degree Fahrenheit per gram of sample. (This is the 
number that is multiplied by the temperature rise and divided by the sample 
weight in grams, to give the heating value.) 

Temperature is measured in either degrees Centigrade or degrees Fahrenheit. 
Temperatures may also be recorded in ohms or other units when using electric 
diermometers. Consistent units must be used in both the standardization and 
actual calorific determination. 

Time is expressed in minutes. 

IVeights are measured in grams. 


2* Fifth Draft, completed and 
t^hief Chemist, Union Electric 


approved by the Task Group G (Chairman A. O. Blatter 
Co., St. Louis, Missouri), of the ASTM Committee D-5. 
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4 . Apparatus. Test Room.— The apparatus should be operated in a room or 
area free from drafts which can be kept at a reasonably uniform temperature for 
tlie time required for the determination. The apparatus should be shielded from 
direct sunlight and radiation from other sources. 

Oxygen Bomb.— The oxygen bomb shall be constructed of materials which are 
not affected by die combustion process or products sufficiently to introduce me.isur 
able heat input or alteration of end products. If the bomb is lined wiUi platinum 
or gold, all openings shall be sealed to prevent combustion products from reaching 
the base metal. The bomb must be designed so tliat all liquid combustion products 
can be completely recovered by washing the inner surfaces. There must be no gas 
leakage during a test. The bomb must be capable of withstanding a hydrostatic 
pressure test to 3000 psig at room temperature without stressing any part beyond 
its elastic limit. 

Calorimeter.— The calorimeter (Note I) vessel shall be made of metal (preferably 
copper or brass) with a tarnish-resistant coating, and with all outer surfaces highly 
polislied. Its size shall be such that the bomb will be completely immersed in water 
when the calorimeter is assembled. It shall have a device for stirring die water 
thoioughly and at a uniform rate, but with minimum heat input. Continuous 
stirring for 10 minutes shall not raise die calorimeter temperature more than 

0.01 "C. (0.02*F.) starting with identical temperatures in the calorimeter, room, and 
jacket. The iwwwersed povdon of the stittet shall he coupled to the outside through 
a material of low heat conductivity. 

Note 1.— As used in this method, the tcim “caloiinictcr” desciibes the bomb, the vessel 
with stirier, .ind the wntci in uhtcli the bomb is immersed. 

Jacket.— The calorimeter sliall be completely enclosed within a stirred water 
jacket and supported so diat its sides, top, and bottom are approximately 1 cm. 
from the jacket walls. The jacket shall have provisions for rapidly adjusting the 
jacket temperature to equal that of the calorimeter for adiabatic operation. It 
must be constructed so that any water evaporating from the jacket w’ill not con- 
dense on the calorimeter. 

Tbeimometers.— Temperatures in die calorimeter and jacket shall be measured 
with die following thermometers or combinations thereof: 

1. Etched stem, mercury-in-glass Ihcimometers such as No. 56 F or 56 C, meeting 
ASTM Specifications El.^s may be used. Odier thermometers of equal or better 
accuracy are satisfactory. These ihennomcters shall be tested for accuracy against 
a known standard (preferably by the National Bureau of Standards) at intervals no 
larger than 2.5‘’F. or 2.0'C. over the entire graduated scale. The maximum dif- 
ference in correction between any two test points shall not be more than 0.02*C. 
or 0.05*F. 

2. Beckmajin differential tlieimometer, having a range of approximately O^C. in 
O.OI'C. subdivisions reading upward. Each of diese thermometers shall be tested 
for accuracy against a known standard (preferably by the National Bureau of 
Standards) at intervals no larger than 1®C. over die entire graduated scale. The 
maximum diffeiencc between any tw'o lest points shall not be more than 0.02*C. 

J. Calorimetric type platinum jesutance thermometer, 25 ohm, tested for accuracy 
against a known standard (preferably by the National Bureau of Standards). 

19G1 Book of ASTM Standards, P.ut 8, p. 1711. 
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Thermometer Accessories.-A magnifier is required for reading iiiercury-in-glass 
diermometers to one-tentlr of the smallest scale division. This shall have a lens 
and holder designed so as to introduce no significant errors due to parallax. A 
Wheatstone bridge and galvanometer capable of measuring resistance to O.OOUl 
ohm are necessary for use with resistance thermometers. 

Sample Holder.— Samples shall be burned in an open crucible of platinum, 
quartz, or acceptable base metal alloy. Base metal alloy crucibles are acceptable 
if, after a few preliminary firings, the rveight does not change significantly between 


Firing "tVire.— The firing wire shall be 10 cm. of No. 34 B & S nickel-chromium 
alloy wire or 10 cm. of No. 34 B & S iron wire. Platinum wire No. 38 B & S gauge 
may be used provided constant ignition energy is supplied. Alternately, a cotton 
diread may be used for ignition in conjunction with the firing wire. In this case, 
the firing wire shall be just long enough to stretch tautly between the ignition 
teraiinals. The lengths of the firing wire and cotton thread shall remain constant 
for all calibrations. 

Firing Circuit.— A 6- to 16-volt alternating or direct current is required for igni- 
tion purposes with an ammeter or pilot light in the circuit to indicate when cur- 
rent is flowing. A step-down transformer connected to an alternating current 
lighting circuit or batteries may be used. 

Caution.— The ignition circuit switch shall be of the momentary double contact 
type, normally open, except when held closed by the operator. The switch should 
be depressed only long enough to fire the bomb. 

J. Reagents. Alkali, Standard Solution.— One milliliter of this solution should 
be equivalent to 10.0 Btu in the nitric acid titration. Dissolve 20.90 g. of reagent 
grade anhydrous sodium carbonate (Na^COg) in distilled water and dilute to 1 
liter. The sodium carbonate should be previously dried for 24 hours at lOS^C. 
The buret used for the nitric acid titration must be of such accuracy that estima- 
tions to 0.1 ml. can be made. 

Benzoic Acid, Standard.— Use National Bureau of Standards Benzoic Acid. The 
crystals shall be pelletized before use. Commercially prepared pellets may be used 
provided they are made from National Bureau of Standards Benzoic Acid. The 
value of heat of combustion of benzoic acid, for use in the calibration calcula- 
tions, shall be in accordance widi the value listed in the National Bureau of Stand- 
ards certificate issued with the standard. 

Methyl Orange, Metliyl Red, or Methyl Purple Indicator.— These indicators 
may be used, and the selected shall be used consistently in both calibrations and 
calorific determination. 


Oxygen.-Oxygen must be free from combustible matter. Oxygen manufactured 
horn liquid air, guaranteed to be gieater than 99.5% pure, will meet this require- 
ment. Oxygen made by the electrolytic process may contain a small amount of 
hydrogen rendering it unfit without purification. 

6. Staitdardization.-Beiermine the water equivalent of the calorimeter as the 
average of a series of 10 individual runs, made over a period of not less than 3 
a>^ nor more than 5 days. To be acceptable, the standard deviation of the series 

fnr Appendix I on p 1184 

divir ! showing the necessary calculations.) For tliis purpose, any in- 

dual urn may be discarded only if there is evidence indicating incomplete 
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combustion. H ibis limit is not met. the entire series shall be repeated until a 
scries is obtained with a standard deviation below the acceptable limit. 

The weights of the pellets of benzoic acid in each ser;es should be regulated 
to yield the same temperature rise as that obtained with the various coal samples 
tested in the individual laboratories. The usual range of weight is 0.9 to 1.3 g. 
iMake each determination according to the procedure described subsequently in 
Section 8, and compute the corrected temperature rise, t, as described in Section 
y(a). Determine the corrections for nitric acid and firing wire as described in 
.Section 9(b) and substitute into die following equation: 

_ WC") + + g3 + g4 

where \V — water equivalent 

H = heal of combustion of benzoic acid, as stated in the NBS certificate, Btu per 
pound 

g = weight of benzoic acid, grams 
I = corrected temperature rise (Section 9(a)) 
ei =» titration correction, Btu (Section 9(b)) 
fa = fuse wire correction, Btu (Section 9(b)) 
fa = cotton thread correction, Bm (if used) (Section 9(b)), 

7. ({estnndrtrditnriQrt.-Checks on ihe standard water equivalent shall be 
after changing any part of the calorimeter and <^t least once a month. The test 
procedure for checking the standard water equivalent factor shall be in accordance 
with Section 6, except that the required number of individual runs shall be de- 
termined in accordance with the following instructions: 

1. If a single new standard value exceeds the old standard by ±6 Btu per *C. 
(±‘l Btu per *F.), the old standard is suspect, thereby requiring a second test. 

2. The diderente between the two new standards must not exceed 8 Btu per 
®C. (5 Btu per *F.), aud the average of the two new standards must not differ 
from the old standard by more than ±4 Btu per “C. (±3 Btu per ®F.). Jf these 
requirements are met, do not change the standard on the calorimeter. 

3. If these requirements arc not met, two more standards must be run. The 
range of the four new sLiudurds must not exceed 14 Btu per ®C. (8 Btu per *F.). 
and the average of the four new standards must not dilfer from the old standard 
by more than ±3 Btu per ”0. (±2 Btu per "F.). If these requirements are met, 
do not diaiigc the standard on the calorimeter. 

4. If these requirements arc not met, a fifth and sixth standard must be run. 
The range of the six new standards must not exceed 17 Btu per ®C. (10 Btu per 
*F.), and the aserage of the six new standards must not differ from the old stand- 
arcl by nioic tlian ±2 Btu per 'C. (±2 Btu per ®F.). If these requirements are 
met, do not change the siand.nd on the calorimeter. 

5. If these rcfjuirements are not met, four more standards must be run to com- 
plete a series of ten runs. The range of these ten results must not exceed 20 
Btu per *C. (12 Btu per T.), and the average of the ten new standards must not 
dilfer from the old standard by more than ±1 Btu per *C. (±1 Btu per ‘’F.). 
these requirements arc met, do not change the standard on the calorimeter. 

G. If these requirements ate not met, the average value from the ten new stain - 
ards must be used for the new standard water etjuivalent, provided that the statu - 
.ird (Ictiaiion of the series docs not exceed 6.5 Btu per ®C. (3.0 Btu per *F.). 
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Table 31-4 summarizes the numerical requirements at each stage of restandard- 
ization: 


Tabi>e 31-4. Test Values Exceeding Table Limits Require Additional Runs “ 


No. of 
Runs 

Maximum 

Range of Results 

Maximum Difference 
between A^i and A? * 

Btu/“C. 

Btu/°F. , 

1 

Btu/°C. 

Btu/°F. 

1 

_ 1 


±6 

±4 

2 

8 

5 

dr4 

±3 

4 

14 

8 

d=3 

±2 

6 

17 

10 

±2 

±2 

10 

20 

i 12 

±1 

±1 


“ Values in this table have been rounded off after statistical calculation, and are therefore 
not precisely in a ratio of 1.8 to 1.0. 

* .Yi = average of original standard. 

Xi — average of check runs. 

8. Procedure. Weight of Sample.— Thoroughly mix the analysis sample of coal 
or coke in the sample bottle and carefully weigh approximately 1 g. of it into 
the crucible in which it is to be burned. The sample shall be weighed to the 
nearest 0.1 mg. (Note 2) (Note 3) (Note 4). 


Note 2.— The balance should be checked periodically to determine its sensitivity. 

Note S.-For anthracite, coke, and coal of high ash content, which do not readily burn 
completely, the following procedures are recommended: (a) The inside of the crucible is 
lined completely with ignited asbestos in a thin layer pressed well down into the angles 
and the sample is then sprinkled evenly over the surface of the asbestos; or (b\ the we?wht 
of the sample may be varied to obtain good ignition. If the weight is varied, it wi]l%e 
necessary to recalibrate the calorimeter so that the water equivalent will be based on the 
saine temperature rise as that obtained with the new sample weight; or (c) a known amount 

W Proper allowance nuis/ be made to dm 

neat of combustion of benzoic acid when determining the calorific value of the sample. 

Water in Bomb.-Add 1.0 ml. of distilled water to the bomb by a pipet. Before 
a ing this water the bomb shall be rinsed, inverted to drain, and left undried 
Firing \Vire.-Connect a measured length of firing wire to die ignition terminals 

If cmtr'tf maintain contact with the sample’ 

mid r ‘'i 'vire tautly across the ignition termiLl’ 

the normal iLe, '' ' “ 

Ox,gen.-Chaige the bomb with oxygen to a consistent pressure between on a„n 
0 atmospheres. This pressure must remain the same for each Sra t a H 
lor ead. calorific determination. For Che calorific value o£ coke, ht “La’v 
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to use 30 atmospheres oxygen pressure. If, by accident, the oxygen introduced 
into the bomb should exceed the specified pressure, do not proceed with the com- 
bustion. Detach the filling connection and exhaust die bomb in the usual man- 
ner. Discard this sample. 

The following precautions are recommended for safe calorimeter operation. 
Additional precautions may be found in ASTM Method E144-59T, 1961 Book of 
ASTM Standards, Part 8, p. 1835. 

(1) The weight of coal or coke sample and the pressure of the oxygen admitted 
to the bomb must not exceed the bomb manufacturer’s recommendations. 

(2) Bomb parts should be inspected carefully after each use. Threads on the 
main closure should be checked frequently for wear. Cracked or significantly 
worn parts should be replaced. The bomb should be returned to die manufac- 
turer occasionally for inspection and possibly proof firing. 

(3) The oxygen supply cylinder should be equipped with an approved type of 
safety device, sudi as a reducing valve, in addition to the needle valve and pres- 
sure gauge used in regulating the oxygen feed to the bomb. Valves, gauges and 
gaskets must meet industry safety code. Suitable reducing valves and adaptors for 
300 to 500 psi. discharge pressure are obtainable from commercial sources of com- 
pressed gas equipment. The pressure gauge shall be checked periodically for 
accuracy. 

(4) During ignition of a sample, the operator must not permit any portion of 
his body to extend over tlie calorimeter. 

Calorimeter Water.— It is preferable to adjust the calorimeter water temperature 
to from 1.0® to I.4®C. (2.0* to 2.5®F.) below room temperature. Use the same 
weight measured to ±0.5 g. of water in each experiment. For 2000-ml. calorime- 
ters, the proper quantity can be obtained by use of a volumetric flask calibrated 
to deliver 2000 ± 0.5 g. As the density of water varies with temperature, suitable 
corrections shall be made if the water temperature varies from the temperature 
at which the flask was calibrated. 

Observations.— Transfer the bomb to the calorimeter, check that it is gas tight, 
and connect it to the firing circuit. Place the stirrers, thermometers, and cover in 
position. Start the stirrers and keep them in continuous operation throughout the 
determination. Stir for at least 5 minutes before reading any temperature (Note 5). 
Adjust the jacket temperature to matcli the calorimeter within ±0.01 ®C. (0.02®F.) 
and maintain for 3 minutes. Record the "initial temperature" to witliin one- 
tentli of the smallest thermometer subdivision and fire the cliarge. Adjust tlie 
jacket temperature to match that of tlie calorimeter during the period of rise, 
keeping the two temperatures as nearly equal as possible during the rapid rise 
and adjusting to within ±0.01 ®C. (0.02®F.) when approaching the final equilibrium 
temperature. Take calorimeter temperature readings at 1-minute intervals until 
the same temperature (within oiic-tentli of the smallest thermometer subdivision) 
is observed in three successive readings. Record this as the "final temperature." 

Note 5.— Before taking any readings, tap the thermometer lightly and examine for 
mercury separation. Mercury separation will cause erroneous readings and should be 
corrected before proceeding. In addition, the entire thermometer should be examined 
daily. 

Analysis of Bomb Contents.— Remove the bomb and release the pressure at a 
uniform rate, such that the operation will require not less than 1 minute. Ex- 
amine the bomb interior and discard the test if unburned sample or sooty de- 
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posits are found. Wash die interior of the bomb with distilled water containing 
die titration indicator, until the washings are free of acid, and titrate the wash- 
ings with standard alkali solution. Remove and measure or weigh the coinbined 
pieces of unburned firing wire, and subtract from the original length or weight to 
determine the wire consumed in firing. Detenmine the sulfur content of the 
sample by any of the procedures described in ASTM I^fediod D271-58, Sections 21 

dirough 29 (pp. 1155-1159). , . c. 

Calculations. P(«) Temperature ilise.— Using data obtained as presci'ibed in Sec- 
tion 8 for Calorimetric Water, compute the corrected temperature rise, t, as follows: 

t tf ta 

where t = corrected temperature rise, °C. or °F. 

= “initial temperature” when charge was fired, corrected for thermometer error 
(Note 6) 

Ij = “final temperature,” corrected for thermometer error 

Sore ().— VVitli all mercury-in-glass tliermonieters, it is necessary to make the following 
corrections if the total heat value is altered by 5.0 Biu or more. This represents a change 
of 0.002° F. or 0.001 °C. in a calorimeter using approximately 2000 g. of water. The correc- 
tions include the calibration correction as stated on the calibration certificate, the “setting” 
correction for Beckmann thermometers, according to the directions furnished by the 
calibration authority, and the correction for emergent stem. Directions for these correc- 
tions arc given in Appendix II, Section .K 2, p. 1185. 

(5) Thermochemical Corrections (Appendix II, Section A 3).— Compute the fol- 
lowing for eacit test: 

Cl = correction for the heat of formation of nitric acid in Btu. Each milliliter of 
standard alkali is equivalent to 10.0 Btu 
(■> = correction for heat of formation of sulfuric acid, in Btu 

= 23.7 X percentage of sulfur in sample X weight of sample in grams 
(3 = correction for heat of combustion of firing wire, in Btu (Note 7) 

= 4.1 Btu per cm. or 2570 Btu per g. for 34 B & S gauge Chromel C. 

= 4.9 Btu per cm. or 3150 Btu per g. for 34 B & S gauge iron wire. 

XoTE 7.— There is no correction for platinum wire provided the ignition energy is 
constant. 

= correction for heat of combustion of cotton thread (if used), in Btu. The heat 
supplied by the ignition of cotton thread is preferably determined by combustion 
in the bomb. As an alternative, it can be determined from the calorific value of 
cellulose, which is equivalent to 7524 Btu per g. 

(c) Calorific Value.— Compute the gross calorific value (gross heat of combustion) 
by substituting into the following equation: 

H = — e-i — €3 — e A 

g 

ulicre Hg = gross calorific value, in Btu per pound 

t - corrected temperature rise as calculated in Section 9(a), °C. or °F., 
consistent with the water equivalent value 
IF = water equivalent (see Section 6) 

(3, c-t = corrections as prescribed in Section 9(b) 
g — weight of sample in grams 
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The result obtained by the above method of calculation and determination is the 
gross calorific value (gross heat of combustion). 

Net calorific value (net heat of combustion) shall be calculated as follows: 

//, = //,- 10.30 (H X 9) 

where Ht = net calorific value (net heat of combustion), in Btu per pound 
= gross calorific value (gross heat of combustion) in Btu 
H — total hydrogen, per cent 

Precision.— The following data shall he used for judging tlie acceptability of 
results (95% probability) on split 60-mesh pulps: 

(а) Repeatability.— Duplicate results by the same laboratory on different days, 
using the same operator and equipment, should be considered suspect if they dih 
fer by more dian the following amount: 

Repeatability 50 Btu, dry btisis 

(б) Reproducibility.— Ke&ults submitted by two or more laboratories (different 
equipment, operators, date of test, and different portions of the same pulp) should 
be considered suspect if they differ by more than the following amount: 

Reproducibility 100 Btu, dry basis 

APPENDIX I 

CALCULATION OF STANDARD DEVIATIONS FOR 
CALORIMETER STANDARDIZATION 

A2.— The following example illustrates Uie method of calculating standard devi- 
ations for calorimeter standardizations: 



Col. A 




IVater 

Col. B 


Slandardiza- 

Equivalent 

Code to 4400 

Col. C 

lion No. 

Bturc. 

{Col. A-mo) 

{Col. By‘ 

1 

4,412 

12 

144 

2 

4,407 

7 

49 

3 

4,415 

15 

225 

4 

4,408 

8 

64 

5 

4,404 

4 

16 

6 

4,406 

6 

36 

7 

4,409 

9 

81 

8 

4,410 

10 

100 

9 

4,412 

12 

144 

10 

4,409 

9 

81 

Sum 


92 

940 


Sx 

Average = x = 

92 

= — -^ 4400 == 4409 
10 ^ 
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For example, suppose the initial reading was 80“F., the final reading was 
Se^F., and that the observed stem temperature was 82“F., and the calibration 
temperature was 72“F.: dien— 

Differential stem correction = 0.00009 (86° — 80°)(82° — 72°) 

= 0.005°F. 

A3. Thermochemical Corrections. Heat of Formation of Nitric Acid.— A cor- 
rection (ej, Section 9(b) of 10 Btu is applied for each milliliter of standard sodium 
carbonate solution used in the acid titration. The standard solution contains 
20.90 g. of Na-jCOg per liter. Tins correction is based on the assumption tliaf (1) 
all the acid titrated is nitric acid formed by the follotving reaction: 

^N2 + lO-i + ^H20(0 = HNOs (in 500 H^O) 

and (2) the energy of formation of 1 mole of HNO3 in approximately 500 moles 
of water under bomb conditions is I4.I kg. cal. per mole.^e When sulfuric acid, 
HySO^, is also present, part of the correction for HgSO^ is contained in the 
correction and the remainder in tlie correction. 

Heat of Formation of Sulfuric Acid.— By definition (ASTM Method D407-44, 
p. 1276), the gross calorific value is obtained when the product of the combustion 
of sulfur in the sample is S02(g). However, in actual bomb combustion processes, 
the sulfur is found as H^SO^ in the bomb washings. A correction (eg, Section 
9(b)) of 23.7 Btu is applied for each per cent of sulfur in the 1 g. sample, which is 
converted to sulfuric acid. This correction is based upon die energy of formation 
of HgSO^ in solutions sucli as will be present in tlie bomb at the end of a com* 
bustion. This energy is taken as —70.5 kg. cal. per mole.s® A correction of 
2x 14.1 per kg. cal. per mole of sulfur was applied in die correction, so the 
additional correction necessary is 70.5 — (2 X D.l) = 42.3 kg. cal. per mole or 
2370 Btu per gram of sulfur in the sample (23.7 Btu X weight of sample in 
grams X per cent sulfur in sample). 

The value of 2370 Btu per gram of sulfur is based on a coal containing about 
5% sulfur and about 5% hydrogen. The assumption is also made that die sul- 
furic acid is dissolved entirely in the water condensed during combustion of the 
saraple.2" If a 1-g. sample of such a fuel is burned, the resulting sulfuric acid 
condensed widi water formed on die walls of the bomb will have a ratio of about 
15 moles of water to I mole of sulfuric acid. For this concentration the energy 
of the reaction 


S02(g) + ^02(g) + HzOd) = H2S04 (in 15 H2O) 

under the conditions of the bomb process is —70.5 kg. cal. per mole. 

Basing the calculation upon a sample of comparatively large sulfur content re- 
duces the overall possible errors, because for smaller percentages of sulfur the 
correction is smaller. 

Fuse Wire.— Calculate the heat in Btu contributed by burning the fuse wire in 
accordance with die directions furnished by the supplier of the wire. For ex- 
ample, the heat of combustion of 34 B Sc S gauge Cliromel C wire is equivalent 

Calculated from data in National Bureau of Standards Circular 500. . 

2 ^ R. A. Moll and C. Parker, “Studies in Bomb Calorimetry IX— Formation of Sulfunc 
Acid." Fuel 37, 371 (1958). 
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position of clialybite by the pliosphoric acid. For decomposition of the carbon- 
ate minerals, they suggested hydrochloric acid as the reagent whicli would deal 
adequately with all coals and cokes. Air-dried samples ground to pass a No. 60 
(250-micron sieve) or, better, passing a No- 100 (I4‘J-micron) sieve if mucli impurity 
is present, are used. 

Significance of Tests.-~ll solid fuel contains carbonates, the volatile matter de- 
termined according to ASTM Method D271-58’* includes carbon dioxide evolved 
from carbonates, and the determined ash value is lower to that extent. The car- 
bon determined in ultimate analysis represents total carbon in coal and in mineral 
carbonates. Therefore, an accurate determination of total carbon dioxide in min- 
eral solid fuels is of significance for use in the correction of analytical results, in 
particular for correction of the volatile matter and organic values, and for calcu- 
lation of coal analyses to the dry mineral matter-free basis. 

GRAVIMET RIC METHOD 

The determination of CO^ is made gravimetrically by complete decomposition 
of carbonates present in a weighed quantity of the sample under investigation 
by action of 5 N hydrodtloric acid with 1 per cent of wetting agent in a closed 
system, and by absorption of the liberated CO„ after purificatioji from interfering 
substances, in a weighed vessel containing a reagent for carbon dioxide absorption. 

Apparatus.— The apparatus sJull consist of the following main units listed in 
order of passage of air: 

(fl) Air-Purifying Train 

{b) Reaction Unit Assembly 

(c) Gas-Purifying Train 

(d) COg'Absorption Unit 

(e) An Aspiration System 

The apparatus shown in Fig. 31-11 has been found most satisfactory in con- 
forming to the requirements outlined in the section on General Considerations 
and proved to be advantageous when many COg determinations are made in coal, 
coke, oil shale, and other materials with a wide range of carbonate content. 

Noie 1.— The use of app.natus luodined from that shown in Fig. 31-H shall be consid- 
ered permissible so long as results agree within the accepted tolcrances.32 

Purity of Reagents.— Reagent grade dicmicals shall be used in all tests. Unless 
otherwise indicated, it is intended that all reagents shall conform to the specifica- 
tions of the Committee on Analytical Reagent of the American Chemical Society, 
whenever such specifications are available.®^ Other grades may be used, provided 
one first ascertains that die reagent is of sulficienily high pUrity to permit its use 
without lessening the accuracy of the determination. 

Unless otherwise indicated, references to water shall be understood to mean 
reagent water conforming to the Specifications for Reagent Water (ASTM Desig- 
nation: D1193).3* 

31 Methods of Laboratorv Sampling and Anaivsis of Coal and Coke (D27T58), 1961, 
Book of ASTM Standards, Part 8 

32 ASTM Designation: D175eG0T, Tentative Method of Test for Carbon Dioxide in 
Coal, 1961 Book of ASTM Standards, Part 8, p. 1284. 

33 Reagent Chemirals, American Chemical Society Specifications, American Cliemiw 
Society, Washington, D. C. For suggestions on the testing of reagents not listed b) i c 
American Chemical Society, see Reagent Chemicals and Standards, by Joseph Rosin. 
D. \’an Nosirand Co., Inc.. Princeton, N. J., and tlie United States Pharmacopeia. 

3i 1961 Book of ASTM Standards, Part 8,p. 1816. 
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tion of carbon dioxide is taking place. Discretion should be used in avoiding too 
rapid a flow which would exceed the capability of the purification train to remove 
interfering compounds and of the absorption tube to absorb entering COo com- 
pletely. When the evolution of COo appears to have subsided, heat is applied to 
the reaction flask to bring the contents of it to the boiling point. To drive tire 
reaction to completion, and to be certain that all evolved carbon dioxide is swept 
into the absorption tube, the contents of the reaction flask are gently boiled for 
.ipproximately 30 min. 

The source of heat is then removed, aspiration of air discontinued, the absorp- 
tion tube disconnected from the train and weighed to the nearest 0.1 mg., taking 
precautions as described above. The difference in weight of the absorption tube, 
7, previous to and following the liberation of carbon dioxide from the sample, 
represents the weight of carbon dioxide evolved. 

Calculation.— Calculate the percentage of carbon dioxide (COo) in the sample 
as follows: 

COo, % = 4 X 100 
£) 

where d = increase in sveight of COo absorption tube, in grams, and 
B = grams of sample used. 


PRESSOMETRIC METHOD 3o,4o.n,ae>.43.44 

The determination of COo according to pressometric method is based upon meas- 
uring Ure change in pressure resulting from the decomposition of carbonates by 
action of hydrochloric acid in a calibrated system of constant volume. The mercury 
level in die manometer of tire system is read and recorded, and the pressure in- 
crease compared with that produced by a given weight of a carbonate of known 
composition. The change in height of the mercury level in the manometer is di- 
rectly proportional to the amount of CO^ generated in the reaction flask. The 
use of factor-weight of material is recommended so that 10 mm. net displacement 
of mercury in the calibrated manometer tube will correspond to 0.1 per cent of 
CO^ in die sample under investigation. 

Apparatus.— The apparatus shall consist of the following main units: 

Reaction Unit Assembly. 

Guard Tubes.— Two guard tubes charged with silica gel or anhydrous magnesium 
perchlorate. 


•““ A. E. Beet, Determination of Carbon Dioxide in Coals, Fuels in Science and Practice, 

23, March, 1944, pp. 58-60. 

B. Enlwisle and R. J. Coffey, Comparison of Methods for the Determination of Carbon 
loxule in Coat and Oil Shale, Thesis for Bachelor Chemical Engr. degree. Dept. Chemical 
-iis'uvering, Ohio State University, 1951. 

.Apparatus for the Rapid Determination of COo Content of Raisin^ 
c- Kn’ Chemical Industries (London) 61, Sept. 1942, pp. 105-106. ° 

in r 1 / (S*^*^tctariat-323)490, Draft ISO Proposal on Determination of Carbon Dioxide 

n' Pressometric Method. 

Carh ^'rd K. Svanks, Study of Methods for the Determination of Carbonate 

li j p Content in Solid Fuels, paper presented at meeting of ASTM Committee 
Evn^ri ‘^ud Coke, June, 1956; Report of Investigation, Ohio State Univ., Engineering 
PP" Rrumiii and K. Svanks, Four Methods of Detei° 

u I M “p Dioxide in Solid Fuels, ASTM Bulletin No. 227, Jan., 1958, pp. 51-57. 

in G- AVilkinson, .Apparatus for the Determination of Carbon Dioxide 

• . wlieunstry and Industry (London), Jan. 3, 1953, pp. 7-8. 
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Reagents. Carbon Dioxide Absorbent.— Sodium or potassium hydroxide (NaOH 
or KOH) impregnated on an inert carrier. No. 8 (2380-micron) to No. 20 (840- 
micron) mesh size.35 

Hydrochloric Acid, 5 N (approximately).— Dilute 420 ml. of concentrated hy- 
drochloric acid (HCl, sp. gr. 1.19) to 1 liter -with water. 

Siher Sulfate (AgaSO^) granular, or Copper Sulfate, Anhydrous (CuSO^) im- 
pregnated on pumice. If copper sulfate is used, crush and sieve tlie pumice to 
obtain a fraction passing the No. 6 (3360-micron) sieve and retained on the No. 20 
(840-micron) sieve. Transfer 60 g. of the prepared pumice to a casserole, cover 
with a saturated solution of copper sulfate (CuSO^), evaporate to dryness with con- 
stant stirring, and tlien heat 3 to 4 hr. at 150 to 160C. Cool in a desiccator and 
store in a glass-stoppered bottle. 

Sodium Carbonate or Calcium Carbonate (Na 2 C 03 or CaCOg). 

Water Absorbent.— Anhydrous magnesium perchlorate Mg(C 104)2 or anhydrous 
calcium sulfate (CaSO^), passing No. 8 (2380-micron) and retained on the No. 45 
(350-micron) sieve.^s 

Wetting Agent (10%).— Any welting agent suitable for use in acid solution.*^ 

Procedure.— When the apparatus is assembled as shown in Fig. Sl-ll, and made 
gas-tight by careful grinding, greasing, and tightening of all connections, the de- 
sired rate of air flow through the apparatus is established by regulating the saew 
clamp 3 (Fig. 31-11). Then die aspiration of air is discontinued by closing stop- 
cock, 2, the slight vacuum in the system is equalized by connecting the safety 
trap with atmosphere through die outlet in the bottom of the three-way stop- 
cock, 16a. The reaction flask, 15, is disconnected from the apparatus and into it 
are transferred ."ipproximately 5 g. (more or less, according to carbonate content) 
of air-dried sample weighed to die nearest 0.001 g. The sample in the reaction 
flask is dien covered witli 50 ml. of carbon dioxide-free distilled water, added 1% 
of a wetting agent, shaken vigorously to ensure a thorough wetting of the sample; 
dien any adherent sample material is washed from the walls of the flask into die 
mixture using a small amount of CO^-free distilled water, and the reactioii flask 
is connected to die apparatus: die gl.ass beads in the U-tubc, 10, are drenched widi 
concentrated sulfuric acid before each experiment. 

In order to fill the apparatus widi carbon dioxide-free air, about 1500 ml. of 
purified air is aspirated through die apparatus at a rate of 50 to 75 ml. per min- 
Then die aspiration is discontinued, the CO..-absorption tube, 7, removed from 
the train, wiped off with a diamois or chemically clean, lint-free cloth, slightly 
damp with water and allowed to stand for 15 min. in the balance case, weighed 
to the nearest 0.1 mg., and connected to the train again. Aspiration of purified 
air through the system is repeated for anoUier 10 min. at the rate of 50 to 75 ml. 
per min., until the weight of the absorption tube is constant within 0.0003 g. 

With the apparatus free of carbon dioxide and the weight of carbon dioxide 
absorption tube known, die analysis of die sample may be started. The aspira- 
tion system is set in operation again, and hydrochloric acid is admitted carefully 
from the tap funnel into die reaction flask, at sudi a rate that only a slow evolu- 

35 Asrariic, Caroxiie, and Mikohbite have been found satisfactory for this purpose. 

3«Anh)drone and Dchydrite have been found satisfactory for this purpose. 

3' Aerosol and Pluronic L-i4 have been found satisfactory for this purpose. . u i • 

38 In atmosphere oi low humidily (60 per cent or lower) the U-lubc if rubbed vyiin Un 
cotton cloth, will induce static charges. However, if a particle emitter is placed into iM 
oaKnice case, the troublesome static charges will be dissipated. 
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Manometer.— A glass U-tube manometer provided with adjustable scale. 

A Source of Vacuum. 

Electric Hot Plate. 

The apparatus shown in detail in Fig. 31-12 has been found satisfactory for 
pressometric determination of carbon dioxide. 

Reagents. Hydrochloric Acid, 5 N (approximately).— Dilute 420 ml. of concen- 
trated hydrochloric acid (HCl, sp. gr. 1.19) to 1 liter with water. 

Calcium Carbonate (CaCOa), of Anhydrous Sodium Carbonate (NaoCOg). 



Fig. 31-12. Diagram of Apparatus for Pressometric Determination of Caibonate COj- 


(1) Buret charged ^\lth 5 N HCl, with 1% 
\\etting agent. 

(2) Small separatory funnel charged with 
exactly 2 ml. of the 5 iV HC; 

(3) 50 ml. reaction llask, suction type of 
I >iex glass with a side arm connected 
to the train uith flexible pressure tub- 
mg. 

(4) Water bath. 

(5) Thermometer. 

(6) Stand. 

(/) Capillary tubing connected to the train 
with He\ible pressure tubing. 

t8) Dr)ing tube, about 5 mm. bore and 
about 20 cm. long charged with silica 
gel. 

(9) Capillary connecting T-piece. 


(10) Manometer gage consisting of capillary 
U-tube of 1 nim. bore, each aim being 
about 45 cm. long, with the bore of 
one arm (connected to the T-piece) en- 
larged to 4 mm. 01 er a length of 7 cm. 

(11) Adjustable scale, giaduated in cm. and 
mm. 

(12) Guard lube, 10 cm. long and 5 mm. 
bore, charged with silica gel. 

(13) Three-way stopcock. 

(14) Connection to the atmosphere. 

(15) Connection to tlie sacuum. 

(16) Evacuated 2000 nil. suction fl.'isk, used 
as source of vacuum. 

(17) Mounting board. 

(18) Electric hot plate. 
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Silica gel, self in4icating size range No. 7 (283g-micron) to No. 25 (710-rnicron) 
mesh, or Anhydrous Magnesium Perchlorate Mg(CP 4 )o, M?e range No. 16 (1199- 
micron) to No. 30 (590-micron) mesh. 

Calibration.-Aiter testing for gas tightness, the apparatus must be calibrated at 
a specific temperature with a given weight of a carbonate of known conaposition 
in order to determine the net displacement of the mercury leyel. Several calibra- 
tion tests should be made and the average from at lea§t four determinations taken. 
The calibradon tests rnust be repeated at frequent intervals and always when any 
part of the apparatus is replaced. 

Calculation of Factor-Weight To Be Taken.— It is recommended that a factor- 
weight of material to be used so that 1 pm. net displacement will correspond to 
0.1% of CO._, in the sample. 

Example.— In calibrating a particular apparatus at 23°C., with 0.1000 g. of 
powdered calcium carbonate containing 0.044 g. of COo, the evolved CO 2 caused 
an average upward movement of 29.6 cm. in the mercury level of the manometer, 
10 (Fig. 33-12), this value being designated as gross displacement .v. A blank test 
using 2 ml. of acid only (no cglcjum caylioqate), raispd the ineycuvy level 1.2 cm., y. 
Thus, net displacement is x -y ~ 29-6 pm, - 1-2 cm. = 28.4 cm. Then factor- 
weight in grams is calculated: 


Q-.Q44g. X 1 PIP- 

Q,1 (y- rr- y) cm. 


X 100 


1.549 


.V — V 


Note 2.~A blank test using 2 ml. qf disdlled water and weight of coal equal to the 
approximqte factor-, weight shall he ipade in the same nrpnner as described abqve, to 
correct the npt dispiacepient vaipe, and ponsequently, thp fgctqr-weight fp b.e taken. 

Procedure.— Finely powdered sample (through 60 mesh or finer) is weighed to the 
nearest 0.001 g. and transferred into the reaction flask, 3 of Fig. 33-12, with a 
specific number of glass beads. The stem of the separatory funnel, 2, is filled with 
distilled rvater and the funnel with stopcock is connected to the apparatus by push- 
ing the rubber stopper each time to a calibrated mark on the neck’ of the reaction 
flask, 3, in order to maintain constant volume of the apparatus; 5 N hydrochloric 
acid with 1% wetting agent is placed in the bpreq 1. Stopcock, 13, is turned in 
such a position that tuhing, 12, and 15, is connected. Stopcock, 16a, on the vacuum 
bottle, 16, is carefully manipulated so that part of the gases are withdrawn from 
the system, lotvering tire mercury in the open arm of the manometer to some pre- 
determined position on the scale, 11. The water bath, 4, is placed in position 
as shoAvn. The apparatus is permitted to stand approximately’ 10 min. in order 
for the system to reach equilibrium. The degree of equilibriqnp is indicated by 
the stability of the mercury level in the manorneter, 10. One millimeter movement 
of the mercury in 10 min. is the maximum allowable. Then the scale which is 
divided into centimeters with 0.1 subdivisions is adjusted so that its zero is level 
tuth the top of the mercury qieniscus. 

Exactly 9 ml. of the 5 N 14C1 frqm the burpt, 1 (Fig. 31-12), are admitted into 
tte small separatory funnel, 2, and into reaction flask, 3, tvhich is shaken to wet the 
sample thoroughly. (The reaction flask can be shaken whife connected in the 
Wh” rubber connections on both encls of the tube, 7, are flexible.) 

en the reaction subsides, the water bath, 4, and the stand, 6, are rempved. To 
the reaction to completion, the flask and its contents are heated for 2 min. 
H means of an electric hot plate, 18. The contents are thus heated to between 
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50* and 60*C. The flask, 3, is shaken continually for 1 or 2 rain., then immersed 
in water bath, 4, as before and die apparatus is permitted to stand for approxi- 
mately 10 min. during which time equilibrium is achieved. The mercury level 
in the manometer is read and recorded, and tlie blank deducted. The temperature 
is recorded, and if there is notable deviation from the standard temperature a 
correction is applied. The corrected net reading in decimeters gives the percentage 
of CO^ in the sample under investigation. 

Precision.— The following jiermissible differences in results should be used for 
judging the acceptability of results: 

Reprcducibihty 

Repealabtlity (Same {Different 
Carbon Dioxide, % Laboratory), % Laboratories), % 

Under 1.0 0.05 0,10 


Over 1.0 0.10 0.20 


THE DETERMINATION OF FORMS OF SULFUR 
IN 

Occurrence of 5«Z/nr.— Sulfur does not occur as such in coal but is invariably 
present in organic compounds along with the coal substance, because of the fact 
that coal-forming \egetation contains both protein and non-protein sulfur. In 
addition, forms of sulfur occur in coals as impurities in inorganic combinations, 
mainly as sulfides of iron (pyritic or markasite, FeS^); a small amount of sulfur, 
especially in weathered coals, occurs also as sulfates, generally as gypsum (CaS04' 
2H14O); and sometimes also as ferrous sulfate (FeS04-7Ho0). 

These forms of sulfur are commonly referred to as sulfate*, pyritic-, and organic- 
sulfur. 

This method of test coNers procedures for the gravimetric determination 
of sulfate sulfur in the hydrochloric add extract of the coal sample, and the indirect 
determination of pyritic sulfur by determining, titrimctrically, the iron combined 
in the pyritic state, employing the nitric acid extract of tlie coal sample. The 
organic sulfur is calculated by the deduction of sulfate- and pyritic-sulfur from the 
total sulfur. 

Summary of Method.—An essential feature of these methods is extraction of sul- 
fate- and pyritic-sulfur from a weighed quantity of air-dried coal pulverized to pass 
a No. 60 (250-micron) sieve by treatment wiili diluted acids. 

45ASTM Designation: D1756-60T. 1961 Book of ASTM Standards, Part 8, p. 1287. 

46 Edwards, A. H., DaybcU, G. N., and Pringle, W. J. S., Au Invesligatioii into Methods 
for the Determination of Forms of Sulfur in Coal, Fuel, 37, 47-61, Jan. 1958. 

ISO Recommendation No. 157— Determination of Forms of Sulfur in Coal, 19^1. 

48 Krumin, Peter O., The Meigs Cieek No. 9 Coal Bed in Ohio, Pait III— Further SbidV 
of the Chemical and Physical Pioperiics, and WasliaUility Charactciistics, with a Brie 
Review of New Methods Employed, OSU, Eiigiig. E\pr. Sta. Bull., 165, 47-51, 

4“' Krumin, P. 0-, Inlerlaboratorv' Study of Methods for the Determination of Tota 
Sulfur, Forms of Sulfur, and Chlorine in Coal, pap. to Ann. Meet. ASTNf D-5, June, lyj-'- 
R. I. Ohio State Univ. Engng. Expt, Sta., June, 1959, 55 pp. . „ , 

50 Mon, R. A., Rapid Determination of Forms of Sulfur in Coal (brit. Coke^^ • 
Association, Panel No. 1, Third Kept, to Res. Comm., July 1949, 13 pp); Fuel, 2J, oJ-o . 
.Mar. 1950. . ^ l 

5t Mott. R. A., Rapid Determination of Pvritic and Sulphate Sulphur in Coals, Gas. J-» 
264,44. Oct. 4. 1950. 

52 Teichmann, R. F. J., The Oxidation of Pyrites Associated with African Coals, J- C leii . 
.Met. and Mining (Soc. of S. Africa) XLV O and 8) 141-156, Jan.-Feb. 1954. 
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The sulfate-sulfur is extracted from a sample of coal with diluted hydrochloric 
acid and determined in die extract gravimetrically as BaSO^. In addition, the 
iron content of the extract is also determined for use in the calculation of pyritic 

sulfur. 

The pyritic sulfur minerals, being insoluble in dilute hydrochloric acid, are 
quantitatively dissolved by dilute nitric acid under die experimental conditions, 
employing another portion of the sample. Since the nitric acid dissolves pyritic- 
sulfur-, plus hydrochloric acid soluble sulfate-sulfur compounds, and a small portion 
of the organic-sulfur from some coal, the 
sulfur content of this extract is not a reli- 
able measure of the pyri tic-sulfur, even 
after correction for sulfate-sulfur. There- 
fore, the determination of pyritic sulfur is 
carried out indirectly in the nitric acid ex- 
tract. The pyritic-sulfur is conveniently 
obtained by determining the amount of 
iron combined in pyritic state, which is 
equal to the difference bettveen nitric acid 
and hydrochloric acid soluble iron; and the 
pyritic-sulfur calculated from stoichiometric 
formula FeSo. 

Note.— A n alternative procedure may be 
used, according to svhich the two acid e.xtrac- 
tions are carried out on the same portion of 
the coal sample under investigation, the nitric 
add treatment being applied to the coal resi- 
due from the hydrochloric acid extraction for 
determination of sulfate-sulfur. In this case, 
the determination of iron in the hydrochloric 
acid extract is unnecessary, because the iron 
determined in nitric acid extract represents 
the pyritic iron. However, there are several 
objections: for example, if the percentage of 
pyritic iron in coal is high, a 5-g. sample of 
coal, as required for the determination of usu- 
ally low sulfate-sulfur content, would cause difficulties in handling relatively large amounts 
of pyritic iron and would require the use of an aliquot; the determination of pyritic iron 
IS delayed until the extraction of sulfate-sulfur is completed. 

Significance.— Early investigators considered only the total sulfur content in coal 
because of the necessity of knowing it as a factor for correction in the calorimetric 
determination of heat of combustion. However, the behavior of the individual 
onus in whicli sulfur occurs in coal is of prime importance in coal preparation, 
storage, and various uses of coal. The amount of individual forms of sulfur must 
e known for coal analysis, particularly for calculation of analysis data to mineral 
matter-free basis. Consequently, to know the total amount of sulfur in coal, as 

as tire forms in which sulfur occurs in run-of-mine and in marketable coal is 
01 great significance. 

'ipparatus. Cold Finger Condenser (Fig. 31-13). 

ucibles.— Porcelain, platinum, alundum, or silica crucibles of 10-15-ml. capacity 
shitll be used for igniting BaSO^. 

ot Plate.— Electrically heated hot plate, with full temperature control which 
Pomuts adjustment of surface temperatures. 



Fig. 31-13. Cold Finger Condenser for 
Use in the Determination of Forms of 
Sulfur. 
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Muffle Purnace.— Electrically heated muffle furnace with a substantially uniform 
hot zone at 800®C ± 25°C. 

Mechanical Shaking Machine. 

Purity of Keagents.— Reagent grade cliemicaU shall be used ii\ all tests. Unless 
otherwise indicated, it is intended that all reagents shall conform to the specifica- 
tions of the committee on Analytical Reagents of the American Chemical Society, 
where such specifications are available.” Other grades may be used, provided it is 
first ascertained that the reagent is of sufficiently high purity to permit the use with- 
out lessening the accuracy of the determination. 

Unless otlierwise indicated, references to water shall be understood to mean re- 
agent water conforming to the Specifications for Reagent Water (ASTM Designa- 
tion: Dn93).5* 

Reagents. Ammonium Hydroxide, 18 AT.— Ammonium hydroxide (NH4OH, sp. 
gr. 0.880). 

Ammonium Thiocyanate Solution (100 g. per liter).— Dissolve 100 g. ammonium 
thiocyanate (NH^CNS) crystals in water, filter, and dilute the clear filtrate to 1 liter. 

Barium Chloride Solution (100 g. per liter).— Dissolve 100 g, barium chloride 
(BaCl2’2HaO) in 1 liter water. 

Hydrochloric Acid, 11 to 12 JV.— Conceiuraied hydrochloric acid (HCl, sp. 
gr. 1.19). 

Hydrochloric Acid, 5 N.— Dilate 420 ml. concentrated hydrochloric acid (HCl) to 
I liter with water. 

Hydrochloric Acid, 0.5 iV.— Dilute 42 ml. concentrated hydrochloric acid (HCl) to 
1 liter with water. 

Hydrogen Peroxide.— Hydrogen peroxide (H2O2) 30% weight/volume. 

Methyl Orange Indicator Solution.— Dissolve 0.02 g. methyl orange in 100 ml. 
hot water and filter. 

Nitric Acid, 2 iV.— Dilute 125 ml. concentrated nitric acid (HNOj sp. gr. 1.42) to 
1 liter with water. 

Standard Blank Solution.— Dissolve 0.600 g. potassium sulfate (K2SO4) in water 
and make up vo lOOO-ml. soluiion. 

Standardized Titanous Chloride Solution, 0.06 iV (approximately).— Dilute 50 ml. 
commercially available 20% titanous chloride solution to 1000 ml. with hydrochloric 
acid (5:95), and accurately standardize against a primary standard. 

Standardization Procedure for Titanous Chloride.— { 2 l) Preparation of Standard 
Iron Solution (I ml. 0.001 g. Fe). Weigh accurately 1.0000 g. iron of known 
composition, transfer into a 250-ml. beaker and dissolve in 50 ml. of hydrochloric 
acid (1:1). (See Note.) Oxidize with hydrogen peroxide (30%), adding a few drops 
in excess, and boil for 30 minutes. Add 25 nil. of hydrochloric acid, cool, .ind 
dilute to 1 liter in a volumetric flask. 

(b) Standardization.— Pipet a lOO-mf. portion of standard iron solution (a) into a 
500-mI. Erlenraeyer flask; add 150 ml. of hydrochloric acid (5:95) and 10 ml. of 
ammonium thiocyanate solution (10:90), and titrate with TiCig to a complete loss 
of color. When nearing the end of ilie titration, add the TiCl3 solution dropwise 

S3 Reagent Chemicals, American Chemical Society Specifications, American Chemtal 
Society, Washington, D. C. For suggestions on the testing of reagents not listed by me 
.Vmerican Chemical Society, see Reagent Chemicab and Standards, by Joseph Rosin. 
D. Van Xoslrahd Co.. Inc. Piincelon, N. 1., and the United Stales Pharmacopeia. 

51 19C1 Book of AST.M Siaiulauls, Part 8, p. 1816. 
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and swirl the contents for approximately one minute (avoiding shaking of air 
bubbles into the solution) before adding the next drop. 

A 

Normality of TiCla solution = ~ X 0.017905, 

B 

where A = milliliters of standard iron solution, and 

B = milliliters of TiCla solution required to titrate the standard iron solution. 

1000 

Factor 0.017905 = ^ X 0.001 

55.85 

(55.85 g. Fe are equivalent to 1000 ml. of 1 iV TiClaj 1 ml. of standard iron solution 
= 0.001 g. Fe) 




Fig. 31-15. Apparatus for 
Storage of Titanous Chlo- 
ride Solution under an At- 
mosphere of Hydrogen. 
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^’OTL.— National Bureau of Standards standard sample No. 55d of ingot iion is saiis- 
facior)’ for this purpose. 

Storage of Standardized Txtanous Chloride The titanous chloride stand- 

ard solution must be protected from direct sunlight and contact with air, because 
it is easily oxidized. This little inconvenience is required as a precaution and is 
well justified, because titanous chloride is a powerful reducing agent and \ery 
useful for the direct titration of ferric iron. 

The titanous chloride standard solution can be stored in an atmosphere of 
hydrogen over the solution during two months or even longer with no appreciable 
cliange, employing apparatus as shown in Figs. 31-14 or 31-15. The normality, 
however, should be tiiecked at fairly frequent intervals. 

determination of sulfate sulfur 

Obtain a laboratory sample prepared according to ASTM Designation: D271-58 
(p. 1145). 

Extraction of Stdfate Sii//ur.— Before commencing the determination, mix the 
sample thoroughly, preferably by mechanical means. ^Veigh accurately about 5 g. 
air-dried coal ground to pass a 60-mesh (250-micron) sieve, transfer it into a 250- 
ml. Erlenraeyer flask, add carefully 25 ml. of 5 N hydrochloric acid, and close with 
a rubber stopper after indications of tl)e evolution of gases cease. Shake the flask 
ou a mechanical shaking machine (5 to 10 minutes) until the coal is thocQugjtly 
wetted, tlicn add another 25 ml. of 5 Af hydrochloric acid, washing the coal from 
die stopper and from the sides of the flask. Fit a cold finger condenser (Fig. 31*13) 
into tlic neck of the flask and place on hot plate. Boil for 50 minutes, rinse the 
cold Anger condenser with dilute hydrochloric acid, and filter the contents of the 
flask dirough a medium-textured double acid-washed filter paper into 400 ml. 
beaker. Transfer the residue to the filter, wash six times with the dilute liydro- 
chloric acid, using a total quantity of about 20 ml., and discard the residual coal 
left on the filter paper. Determine, in the filtrate, the sulfur and the iron (repre- 
senting hydrochloric acid soluble iron). 

Sefyaration of Sulfur and /ron.— Add 2 to 10 ml. of saturated bromine water to 
die filtrate, boil die mixture for 5 minutes to ensure that all the iron is in the 
ferric state, and to expel the excess bromine. Precipitate the iron by adding 
cautiously ammonium hydroxide in a slow stream until a slight excess is present, 
and add 5 ml. in excess, constantly stirring to coagulate the ferric hydroxide. Place 
covered beaker on die hot plate and boil for 1 minute. Then filter the liquid 
(employing glass funnels with well-fitted, ashless, medium-texture 11-cm. filter paper) 
into a 600-ml. beaker. ^Vash the precipitate several times with hot water to whicli 
has been added a trace of NH^Cl and NH4OH. Retain the filtrate for the deter- 
mination of sulfur, and the precipitate with the original beaker for the determi- 
nation of non-pyritic iron. 

Note.— I f a relatively large amount of iron is present, dissolve the iron in the original 
beaker and rcprccipitate; add the filtrate from the second precipitation directly to the ins 
filtmic, and determine the sulfur in it. 

Detertnination of Sulfate Sulfur. — Neutralize die filtrates from die precipitation 
of ferric hydroxide wiUi concentrated hydrochloric acid and add an excess of about 
1 ml., employing methyl orange as indicator. Heat the solution to boiling and 
add dropvvise, with stirring, 10 ml. of 10% barium chloride. Complete the gravi- 
metric determination of sulfur according to ASTM Designation: D271-58 (]). Ha^)* 
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The sulfur determined in the filtrate represents tlie sulfur combined as sulfate in 

the coal. . u 

Blank.-Carry out a blank determination under the same conditions but omit 

the coal. Pipet 10 ml. of the standard sulfate solution to the filtrate before adding 
the metliyl orange indicator. The weight of the barium sulfate found in the blank 
determination, less the equivalent of the standard solution, is deducted from that 
obtained in the full determination. 

Determination of Non-Pyritic Iron.— Dissolve the iron precipitate from the filter 
paper witli 120 ml. of hot hydrochloric acid (10:90), collect the filtrate into original 
beaker used for precipitation of die iron, and loosen traces of precipitate from the 
walls of tire beaker by a glass rod tipped with a rubber policeman. Rinse the filter 
paper with 120 ml. hot water, cool the filtrate, and add to it 25 ml. of 10% ammo- 
nium thiocyanate solution as an internal indicator and determine the iron in cold 
solution by titration with approximately 0.06 N standardized titanous chloride. (See 
Note.) 

Note.— Alternative titrimetric methods for the determination of iron are permissible, 
provided that the results obtained by these methods will lay within the established limits 
of tolerances. 

When ammonium thiocyanate is added to a ferric chloride solution blood-red 
thiocyanate is formed. 

FeCls -f- 3NH4CNS ;:± Fe(GNS)3 + 3NH4CI 

Ferric chloride reacts with titanium trichloride to give ferrous chloride and 
titanium tetrachloride: 


FeCla + TiCla FeCla + TiCh 

The end point is reached when complete loss of color takes place. 

Blank.— Make a blank determination, following the same procedure and using 
tite same amounts of all reagents. 

Record tire volume (ml.) of titanous chloride solution required for titration of 
sample, subtract the volume (ml.) required for blank, and use the difference in 
calculation of pyritic iron. 

DETERMINATION OF PYRITIC SULFUR-INDIRECT 

Extraction of Pyritic Iron.— Before commencing the determinations, mix the sam- 
ple thoroughly, preferably by mechanical means. 

Weigh accurately about 1 g. air-dried coal, ground to pass a 60-mesh (250-micron) 
sieve and transfer into a 250-ml. Erlenmeyer flask; add 25 ml. of the 2 N nitric acid 
‘ind close with a stopper after indication of the evolution of gases ceases. Shake 

e flask in a mechanical shaking machine until the coal is thoroughly wetted (5 to 
minutes), then rinse the coal from the stopper and the wails of the flask with 
another 25 ml. of 2 N nitric acid; place a cold finger condenser (Fig. 31-13) into the 
9 ^Y minutes. Then rinse the cold glass finger with 

- ^ mtnc acid, and filter the contents through a medium textured double acid- 
P^per into a 600-ml. beaker, wash six times with the 2 N nitric acid, 
tscard tlie residual, coal left on the filter paper. Retain the filtrate for de- 
termination of iron. 

destr'^ filtrate 2 ml. of 30% hydrogen peroxide and boil for 5 minutes to 

°y any coloration arising from the decomposition of the coal. 
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Separation of /ron.— Heat the filtrate to boiling point, precipitate the iron by 
adding the ammonium hydroxide in a slow stream until a slight excess is present, 
constantly stirring to coagulate the ferric hydroxide. Place tire covered beaker on 
the hot plate and boil for 1 minute. Filter through an ashless, medium-textured 
filter paper into a beaker, and wash the precipitate several times with hot water 
to which has been added a trace of NH^Cl and NH 4 OH. Retain the precipitate 
with original beaker, for determination of iron. 

Dissolve the iron precipitate on filter paper with 25 to 30 ml. of hot 5 N hydro- 
chloric acid, wash filter six times with hot (10:90) hydrochloric acid, collect the fil- 
trate into original beaker used for precipitation of the iron, and loosen the traces 
of precipitate from tlie walls of the beaker by a glass rod tipped with a policeman. 

Reprecipiiate the iron in the filtrate as before, and filter. 

DETERMINATION OF PYRITIC lRON~TlTANOUS CHLORIDE METHOD 

Procedure.— Dissolve die iron precipitate, and determine die iron in cold solu- 
tion by titration with titanous chloride as described in the preceding section. 

The amount of iron so determined represents both the pyritic and the hydro- 
chloric acid soluble iron in coal. The pyritic iron is the difference between the 
amounts of iron determined in the two extracts. 

Blank.— Make a blank determination, following the same procedure and using 
the same amounts of all reagents employed In the regular determination, and 
correct the volume (ml.) of titanous chloride required for titration of the sample 
by subtracting the volume (ml.) used in titration of the blank. 

Calculation.— Calculate the pyritic-suUur content as follows: 

Pyritic-sulfur, per cent by weight = N X 6.412 

\u; W/ 

where A = milliliters of TiCIj solution required for the titration of iron of the nitric add 
extract, after subtraction of the blank value, 

B = milliliters of TiCls solution required for titration of iron of the hydrochloric 
acid extract, after subtraction of the blank value, 
w = weight (g.) of sample used in nitric acid extraction, 

IV = weight (g.) of sample used in hydrochloric extraction, and 
N = normality of the TiCb solution (1 ml. 0.1 N TiCIs solution = 0.005585 g. 

Fe), and factor 6.412 = (o.05585 X |^) X 100 = 5.585 X 1.1481. 

ALTERNATIVE FOR THE DETERMINATION OF IRON BY THE 
STANNOUS CHLORIDE-POTASSIUM DICHROMATE METHOD “ 

Reagents. Stannous Chloride Solution (50 g. per liter).— Dissolve 5 g. of 
SuCl 2 ' 2 H ,0 in 10 ml. of HCl and dilute to 100 ml. witli water. Prepare this solu- 
tion freshly before use. 

Mercuric Chloride Solution (saturated).— Dissolve 8 g. of HgCL in 100 milliliters 
of hot water, cool to room temperature, and filter. 

Sulfuric— Phosphoric Acid Mixture. — Slowly add 150 ml. of H 2 SO 4 and 150 ml. of 
(85%) to 700 ml. of cold water, while stirring constantly. 

55 For further information concerning the determination of iron by this method, see 
1956 Book of ASTM Methods for Chemical Analysis of Metals. 
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Sodium Diphenylamine Sulfonate Ipdicatqr Splwtion (? g. per liter) -Method A 
/Preparation from Barium Dipheiiylamine Sulfonate),— Dissolve 0,32 g, of barium 
diphenylamine sulfonate in 100 ml. of hot water. Add 0.5 g. of Na^SO^, stir, and 
filter off the precipitate of BaS04. Store in a dark-colored bottle. 

Method B (Preparation from Sodiuro Diphenylamine Sulfonate).— Dissolve 0.20 g. 
of sodium diphenylamine sulfonate in lOQ mi. of water. Store in a dark-colored 

bottle. ' . ^ ^ 

Standard Potassium Dichromate Solution (0.1 iV).— Twice recrystallize K^Cr^O^ 

from water. Dry the crystals at 110°C., pulverize, and dry at 180''C. to constant 
weight. Dissolve 4.9035 g. of the K2Cro07 in water and dilute to 1 liter in a 
volumetric flask. 

Standardization.— This is a prirnary standard. 

Non:.— National Bureau of Standards oxidimetric standard sample No. 136 of K2Cr207 
is satisfactory for this purpose. 

Procedure.— Dissolve the iron precipitate retained as described in the section on 

Separation of Sulfur and Iron (p. 1198), and the section on the Separation of 

Iron (p. 1200) with 15 to 25 ml. of hot HCl (li4) and wash the filter thoroughly 
with hot water. Heat the solution to boiling. Add SnCL solution drop by drop, 
while stirring, until the color of the ferric iyon fs, discharged, and then add 1 or 
2 drops more. Wash down the inside of the beaker and quickly cool the solution 
to room temperature. Add, all at once, 10 ml. of saturated HgCl2 solution, stir, 
again wash down the inside of the beaker, and allow the solution to stand for 2 

to 3 minutes. Add 15 ml. of the H2SO4— H3PO4 mixture and 2 to 3 drops of 

sodium diphenylamine sulfonate indicator, and dilute to about 200 ml. Titrate 
slowly with 0.1 N K2Cr20.j. As the end point is approached, the color deepens to 
a blue green, which changes to a purple dr violet blue on the addition of 1 drop of 
KXroO^. The titration should be finished deliberately, as it takes a few seconds 
to obtain the permanent end point color. 

Blank.— Make a blank determination, following the same procedure and using 
the same amounts of all reagents, 

.NoTE.-Fenic iron must be present ip the solution in order to obtain the purple or 
uolet-blue end point color. If the color fails to form, the blank is less than the equivalent 
of 1 drop of 0.02 N FeSO^, as this contains sufficient iron to yield an end point. 

Calculation.— Calculate the percentage of. iron as follows: 

Iron, % by weight = — — X 5.585 

where .4 = milliliters of K2Gr207 solution yequirfd fop titration of the sample, 

^ = rnilliliters of K2Gr207 solqlpn required (or tifrqtion of the blank, 

C = Normality of K2Gr207 solution, and 
^ = grams of sample used. 

(1 nil. I jY K2Cr207 solution = 0.05585 g. Fe) 

ORGANIC SULFUR 

of th^ of organic sulfur in the coal is obtained by subtracting the sum 

c sulfate and pyritic-sulfur from the percentage of total sulfur in the coal 
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obtained in a separate determination by the Eschka or other standard methods, 
according to ASTM Designation: D271-58 (p- 1155). 

TOLERANCES 

The results of duplicate determinations carried out at different times on tlie 
same sample in the same laboratory by tlic same operator using the same ap. 
paratus should not differ more than: 


Sulfate sulfur 0.02 

Pyritic sulfur, under 2% 0.05 

Pyritic sulfur, 2% or more 0.10 


The means of the results of duplicate determinations carried out by different 
laboratories on representative samples taken from the same bulk sample after tlie 
last stage of reduction should not differ more than: 


Sulfate sulfur 0.03 

Pyritic sulfur, under 2% 0.10 

Pyritic sulfur, 2% or more 0.20 


SULFUR IN COAL ASH so 

This method of test covers the gravimetric determination of sulfur in the coal 
ash obtained from tests in accordance rvith Section 13 and 14 of the Methods of 
Laboratory Sampling and Atialysis of Coal and Coke (ASTM Designation: D27l» 
p. 1151). 

Apparatus. Crucibles with Lids, platinum, 30-mL 

Crucibles, porcelain, platinum, alundum, or silica, low-form, 10 to 15 ml. 

Muffle Furnace, electric, capable of readung a temperature of 950®C. 

Purity of Rengentr.— Reagent grade chemicals shall be used in all tests. Unless 
otherwise indicated, it is intended that all reagents shall conform to the speclfi' 
cations of the committee on Analytical Reagents of the American Chemical So' 
ciety, where such specifications are available.*^ Other grades may be used, pro- 
vided it is first ascertained tliat the reagent is of sufficiently high purity to permit 
its use witliout lessening the accuracy of the determination. 

Unless otherwise indicated, references to water shall be understood to mean 
reagent water conforming to the Specifications for Reagent Water (ASTM Desig- 
nation: D1193). 

Reagents. Barium Chloride Solution (100 g. per liter).— Dissolve 100 g. of 
barium chloride (BaCl2’2H20) in water and dilute to I liter. 

Hydrochloric Acid (1:1).— Mix I volume of concentrated hydrochloric acid 
(HCl, sp. gr. 1,19) with 1 volume of water. 

.Methyl Orange Indicator Solution (0.20 g. per Iiter).-DissoIve 0.02 g. of methyl 
oiange in 100 ml. of water and filter. 

Under the standardization procedure of the Society, this method is under the ji*ns- 
diciion ol the ASTM Committee D-5 on Coal and Coke. Standardized as D1757-60T. 

5' Reagent Chemicals, American Chemical Society Specifications, American Chemical o- 
ciel), Washington, D. C. For suggestions on the testing of reagents not listed hy t ic 
American Chemical Society, see Reagent Chemicals and Standards, by Joseph Rosin, D. van 
Nostrand Co., Inc., Princeton, N. J., and the United Slates Pharmacopeia. 
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by G. N. Daybell and W. J. S. Pringle,®* confirm reports made by early investi- 
gators that only part of the chlorine in coal can be removed by extraction with 
water, indicating that only part can be present as sodium cliloride. They estab- 
lished also that potassium-, calcium-, and magnesium-chlorides are not present in 
significant amounts in the British coals used for investigation, and that a consider- 
able part of chlorine is present not as metal chlorides, but as cliloride ions attached 
to the coal substance by a linkage with ion-exchange properties. The coals ex- 
amined by Daybell and Pringle contained water-soluble sodium equivalent to 
one third to one half (30% to 54%) of the total chlorine content, indicating to 
what extent chlorine compounds can be removed in a cleaning process empIo)ing 
water. 

In addition to the chlorine compounds present in coal seams, dilorides may be 
introduced into coals during wet cleaning if the water contains substantial amounts 
of chlorides. They may also be introduced by treating marketable coal wiili cal- 
cium chloride solution to dustproof and to mitigate the problem of freezing in 
shipmeiu. 

■Scope and Summary of the This method of test covers procedures for 

the litrimeiric determination of total chlorine extracted from the combustion 
residue of the coal sample. The combustible matter in coal is removed and the 
clilorinc is retained as soluble alkali chlorides, by combustion of tlie test sample 
in tJte presence of £scJtka mixture, cither in calorimetric bomb, or by incineration 
in a mufile furnace at 775* ± 25*C. 

DETERMINATION OF CHLORINE IN COAL BY THE BOMB- 
COMBUSTION METHOD 

All the chlorine in the coal sample is released by combustion in a calorimetric 
bomb, containing oxygen under pressure. The chlorine thus released is absorbed 
in an ammonium carbonate solution, and the amount of dilorides present in die 
bomb washings is determined by titration with thiocyanate in a nitric acid solu- 
tion containing silver and trivalent iron (Charpenter-Volhard method). 

Sigm/iconce of Test for Chlorine.— Because the amount of chlorine compoumlv bv 
American coal is, in general, considerably smaller than in European coals, llic 
determination of chlorine has not been considered of interest to consumers in 
the United Slates, and therefore was neglected by early investigators. However, 
at tJtc present time, because of the effect of chlorine in coal use, the significance of 
knowing the chlorine content is widely recognized as being essential for the 
proper utilization of coal. 

In industrial use of coal at high temperatures, the dilorine compounds arc 
volatilized, causing considerable damage to appliances with which these products 

5* Daybell, G. N., and Frinulc, \V. f. S.. The Mode of Occuirence of Chlorine in Coal. 
11101.37,283-292, 1958. 

ISO/rC 27 (.Scciclaual-3G1) 530E, Determination of Chlorine in Coal by the bonih' 
Qniibustion Mctliod, Draft ISO Recoiitinciidation N 210 (Revised Marcli, I9Gl)l ISO/TC 27 
(Sccict3riai-383) 552. June. 19G1. 

®®l-or further iiiformaliun conccitiing the experimental work see: F. O. Kiuiiiiii, Iiilcrj 
hilioraiory Study of .Methods for the Dctcniiiiiaiion of Total Sulfur, forms of Sulfur, ano 
Chlorine in Coal, pap. to Ann. Meet. ASTM D-5, June, 1959, 55 pp.: and The Third Inter' 
laboratory Study of Melliods for the Dcteimination of Total Sulfur, Forms of Sulfur, and 
Chlorine in Coal. pap. to Ann. .Meet. ^\STM D-5, Section XXI-B, June 28, 1900, 41 ^ pp- 
.Moszynski. /.. K., Chlorine by the Bomb Method, J. AppJ. Chem., 5> 1G8-70, 1955. 
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come in contact. They also contribute to tire formation of deposits on boiler tubes 
inteam raising plants. For example, A. W. Williams reports ^at m a survey 
bf 98 power stations using stoker-fired coals with more than 0.15% chloiine con 
tent, all gave the main cause of boiler trouble as bonded deposits on the tubes, 

necessitating lengtliy removal operations. , i u • 

At the temperatures prevailing at manufactured-gas plants and coal-carboniza- 
tion plants, chlorides penetrate brick work and undergo fusion to form a compound 
of sodium, aluminum, and silicon which causes the brick to crack and fall away. 
The hydrochloric acid and ammonium chlorides, present in the gases evolved, cause 
severe corrosion of the by-product plant. H. F. Yancey and M. R. Geer es have 
called attention to the pertinent publications, and have outlined the effect of chlo- 
rine in coal as follows; “When coals containing more than about 0.05% sodium 
cliloride are coked, the refractory lining of the ovens, unless made of silica, suffers 
from corrosion, often so severely that the lining must be replaced after a few 
months of use. Silica bricks are more resistant than fire-clay bricks to such attack.” 

Apparatus. Combustion Bomb.— A calorimetric bomb of 300-ml. (±50-ml.) 
capacity, made of material unaffected by the combustion process or products, 
shall be provided with the usual fittings for ignition as in the determination of 
calorific value. Materials used in the bomb assembly, such as the head gasket and 
lead-wire insulation, shall be resistant to heat and chemical action, and shall not 
undergo any reaction which will affect the chlorine content of the liquid in the 
bomb. 

Crucible.— Sample crucible, nickel-chromium or silica, approximately 25-mm. 
diameter and 20-mm. height. 

Firing ^Vire.— Fuse wire, Fe-Ni-Cr alloy, approximately No. 34 gauge as used for 
oxygen bombs, or platinum wire. 

Ignition Circuit.— Ignition circuit capable of supplying sufficient current to 
ignite the sample, the nylon thread, or the dry cotton wicking without melting the 
platinum wire. 

Metal Vessel.- A cylindrical metal vessel to enable the bomb to be fully im- 
mersed when approximately 2 liters of water are added. 

Nylon sewing or cotton wicking, white for optional use with platinum wire. 

Purity of Kengenri.-Reagent grade chemicals shall be used in all tests. Unless 
otherwise indicated, it is intended that all reagents shall conform to the specifi- 
cations of the Committee on Analytical Reagents of the American Chemical So- 
ciety, where such specifications are available.G* Other grades may be used, pro- 
vided it is first ascertained that tlie reagent is of sufficiently high purity to permit 
the use witliout lessening the accuracy of the determination. 

Unless othemise indicated, references to water shall be understood to mean 

reagent water conforming to the Specifications for Reagent Water fASTM Desip- 
nation: D1193).85 ^ uesig- 

Conover.Mast Publica- 

,ion. 'irS'K.S WUetaMSo"'??™! U'"'- 

Chemical Society, see Reatrent Cheminls phH i u * t tistecv the Ameiican 



1206 COAL AND COKE 

Reagents. Ammonium Carbonate Solution.— Dissolve approximately 10 g. of 
ammonium carbonate, (NH4)2C03*H20 in 100 ml. water; freshly prepared solu- 
tion shall be used. 

Ferric Ammonium Sulfate Indicator Solution.— Add sufficient nitric acid to a 
cold saturated solution of ferric ammonium sulfate FeNH4(S04)2‘ I2H2O to remove 
the brown color. 

Zschlca Mixture.— Thoroughly mix two parts by weight of light calcined magne- 
sium oxide (MgO) and one part of anhydrous sodium carbonate (NagCOg). Both 
materials should be as pure as possible and have a very low chlorine content. 

Nitric Acid (1:1).— Mix equal volumes of concentrated nitric acid (HNO3, sp. gr. 
1.42, and free from die lower oxides of nitrogen) and water. 

Nitrobenzene (CgH3N02)> analytical reagent quality (light color). 

Oxygen.— The oxygen used for combustion shall be free of combustible material 
and halogen compounds available at pressure of 40 atmospheres. 

Potassium Thiocyanate Solution (approximately 0.025 N).— Dissolve about 3 g. 
of potassium thiocyanate (KCNS) in 1000 ml. water, and standardize against silver 
nitrate solution. 

Silver Nitrate Solution 0.025 iV.— Dissolve 4.2473 g. dry, crushed, crystalline silver 
nitrate (AgNOg, dried at 125‘’C. for 2 to 3 hours) in a small quantity of water, 
and add water up to 1000 ml. 

Procedure. Extraction oi ChioTine.—Eeiore commencing the determinatioaf 
mix the sample thoroughly for at least 1 minute, preferably by mechanical means. 
^Vc^gh accurately about 1 g. air-dried coal, ground to pass a 60-mesh sieve, and mix 
intimately with 1 g. Eschka mixture in a porcelain basin, and then transfer to the 
sample crucible. 

Cut a piece of firing wire, (Fe-Ni-Cr alloy, or plaiijium) of about 100 mm, 
length, coil the middle section (about 20-mm.), and attaclt the free ends to die 
terminals. If thread is used, arrange the coil so that it will be above and to one 
side of the sample crucible. Attach to the coil a nylon thread, or wisp of cotton, 
of sudi length diat one end will extend into die sample crucible, and thereby 
provide a means for igniting die sample. Place about 5 ml. ammonium carbonate 
solution in the bomb and, by means of a rubber policeman, wet die interior surface 
of the bomb, including the head, as thoroughly as possible. Place the sample 
crucible in position and arrange the tliread so that the end dips into the sample. 
Assemble the bomb and tighten the cover securely. 

Admit oxygen slowly (to avoid blowing coal from die crucible) until a pressure 
of 25 atmospheres is readied. Immerse the bomb in. a cold water bath, connect the 
open electrical circuit, and close die circuit to ignite the sample. The bomb shall 
stand in the water bath for not less than 10 min. after firing. 

Remove the bomb from the water badi, release the pressure at a slow, uniform 
rate so that die pressure is reduced to atmospheric in not less than I min., open the 
bomb, and examine the inside for traces of unburned material or sooty deposits. 
If any are found, discard the determination, and thoroughly wash all parts of the 
bomb interior before using it again. 

Collection of Chlorine Solution,— 'Rinse the sample crucible, the interior of the 
bomb, and die inner surfaces of the bomb cover with a fine jet of hot distilled 
water, and collect die washings in a 400-ml. beaker. Take special care not to lose 
any wash water. 

Determination of Chlorine.— Acidify the bomb washings with 5 to 10 nil. nitric 
acid. The clear solution usually obtained am be used direedy for titration. If die 
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ash or ferric oxide content is high enough to mash the end point of the ti^ation 
a' fdtcrinff is required. Add 20 ml. of 0.025 lY silver nitrate solution, which should 
be in excess, and allow it to stand for 15 min., then cool to roona temperatuie. 
\dd 5-10 ml. nitrobenzene, shake for 1 min., add 8 to 10 drops of the ammonium 
ferric-sulfate solution, and titrate the excess of silver niti'ate with potassium diio- 
cyanate solution. The end point is reached when the solution becomes faintly 

orange-pink in color. 


EXTRACTION OF CHLORINE BY INCINERATION 
WITH ESCHKA MIXTURE 

The combustible matter is removed and the chlorine is retained as soluble alkali 
chlorides in the ignition residue by the incineration of coal sample to 775°C., in 
the presence of Eschka mixture and in an oxidizing atmosphere. The determina- 
tion of the total chlorine is carried out titrimetrically. 

Apparatus. Crucibles.— Porcelain or silica crucibles of 25-ml. capacity, or 50-mI. 
if necessary. 

Muffle Furnace.— An electrically heated muffle furnace capable of maintaining a 
substantially uniform hot zone at 775°C. ± 25°C. with an air change about five 


times per minute. 

Silica Plate (optional).— .-N. silica plate of 6-mm. thickness to fit inside the muffle. 

Reagents.— The reagents are the same as those listed for the Bomb-Combustion 
method, with the exception of the ammonium carbonate solution and o.xygcn. 

Procedure.— Helore commencing the determination, mix the sample thoroughly 
for at least 1 min., preferably by mechanical means. 

Weigh accurately about 1 g. air-dried coal, ground to pass a 60-mesh sieve, and 
transfer to a porcelain capsule containing 3 g. Eschka mixture; mix thoroughly, 
employing a small metal spatula, and cover with 2 g. Eschka mixture. Place the 
capsules into a cold muffle or on the silica plate, and introduce the whole thing 
(plate and capsules) into a cqld muffle, and gradually raise the temperature to 
775‘’C. i 25'’C. widiin about one hour. Maintain this maximum temperature for 
about 1.5 hours, and change the air about five times per minute during the entire 
period of incineration, and then withdraiv the capsules and allow them to cool. 

Blank.-.V porcelain capsule containing 5 g. of Eschka mixture (with no sample) 
for blank determination shall be included in every' batch. Make the blank deter- 


mination following the same procedure and using the same amounts of all reao^ents. 
Thi.s assesses both the chlorine in the reagents and any contamination from the 
laboratory atmosphere; the latter should be (juantitatiiely insignificant. 

Subsequent Treatment.-Transfer the incinerated mixture, quantitatively, to a 
•K)0-ml. beaker, and first add a small quantity of hot water and then cautiously add 
•10 ml. nitric acid.(l .1). Cover the beaker w'ith a watch glass, swirling and stirring 
the contents occasionally to expediate the dissolving ° 

I'ilter the solution into a conical flask through a rapid-filtering, hardened and 
acid-washed filter paper; this procedure is usually unnecessary when 1-g samples 
of low-ash coal are used. Then wash the paper with a small quantity of hot water 
(say four lots of 5-10 ml. each). Now determine the chlorine in the filtrate bv 
employing the same procedure as outlined for the washings of the Bomb-Combus 
turn method (see Determination of Chlorine, p. WO-1) 


Nun.. The chlorine may .also be determined potemiometrically. 
Calculation.-Calculate the chlorine content of the sample as follows: 
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^ , 3.5457U - B)N 

Chlorine, % by weight = ^ » 

where A = millililers KGNS solution used to titrate the remaining silver in the blank 
determination, 

B — milliliters KCNS solution used to titrate the remaining silver in the sample 
determination, 

N — the normality of KCNS solution, and 
C = grams of sample used. 

Tolerances.— The results of duplicate determinations carried out at different 
times on the same sample in tiie same laboratory by the same operator using die 
same apparatus should not differ by more titan 0.02% chlorine. 

The means of the results of duplicate determinations carried out in different 
laboratories on representative samples taken from the same bulk sample after the 
last stage of reduction should not differ by more than 0.02% chlorine. 


METHODS FOR THE DETERMINATION OF EQUILIBRIUM 
MOISTURE OF COAL AT 96 TO 97% RELATIVE 
HUMIDITY AND 30°C. 

Occurrence of Moisture in Coo/.— Moisture is present in any coal, in the pure 
coal substance and in die mineral matter associated with coal. The moisture con- 
tent of a coal sample may change m either direction depending upon conditions to 
which the coal is subjected: it tends toward equilibrium with the water vapor pres- 
sure of the surrounding atmosphere to which coal is exposed. However, the vapor 
pressure of the moisture in coal does not rcadi the normal tension of water vapor 
until the amount present exceeds a certain percentage. 

Scope.— This method of test covers the determination of equilibrium moisture of 
coal equal to the percentage of water determined at 105*-U0“C., retained at 
equilibrium by the test sample alter conditioning it either from a completely wetted 
or a certain undersaturated stage at SO'C. in an atmosphere over a saturated solu- 
tion of potassium sulfate. In order to accelerate the moisture exchange of atmos 
phere over the coal and the pulp of potassium sulfate, two different types of con- 
ditioning vessels are recommended: 

(a) Vacuum type conditioning vessel, for equilibration of coal at absolute pres- 
sure equivalent to about 30 ram. of mercury, and 

{b) Airtight conditioning vessel for use at atmospheric pressure, provided witli a 
fan for maintaining air circulation. 

In general, the results obtained by Uic two procedures do check reasonably well 
within acceptable limits. 

CO For further information conceining tJic experiinetual woik on which these methods 
are based sec: Krumiii, I». O.: The Meigs Creek No. 9 Coal Bed in Ohio, Pait 111— Further 
Study of the Chemical and l’h)sical Properties, and Washability Characteristics, wuh a 
Brief Review of New Methods Employed, Bulletin No. 165, Ohio Slate Univeisity, Engi- 
neering Experiment Station, pp. 33-38, July, 1957; Two Methods for the Equilibration 
of Coal over Saturated Solution of Potasumn Sulfate at 30'’C. (96 to 97 Per Cent 
Humidii)), (Paper presented to Meet. Amer. Group ISO/TC 27, Sub. XXVII of the 
D-5, May 29, 1961); R. I., Ohio Stale University Eng. Expt. Station, 41 pp. 1961; and 1 lie 
Determination of Forms of .Moisture in Oial, Bulletin No. 195, Ohio State University, 
Engineering Experiment Station (1963). 
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Both metliods may be used for the determination of the surface or extraneous 
moisture of wet coal, such moisture being the difference between total moisture as 
determined by standard mediods,®' and the equilibrium moisture. 

Si<rnificance. -Ezrly investigators viewed the test for equilibrium moisture as a 
means of determining a parameter for the classification of coal by rank only. As 
coal technology has advanced, the knowledge of determining the surface moisture, 
and that form of moisture in coal rvhich is capillary held and does not exhibit nor- 
mal vapor pressure frequently referred to as “inherent moisture,” “urue bed mois- 
ture,” “moisture-holding capacity,” “capacity moisture” or “equilibrium moisture’ 
at approximately 100% relative humidity has been generally recognized to be of 
practical as well as fundamental value. 

For example, behavior of coal under various conditions in its preparation, trans- 
portation by conventional means or by pipelines, dewatering, drying, its alteration 
during storage, and various phases of industrial utilization are affected by surface 
and inherent moisture content. 


Not£.— Since there are insuperable experimental difficulties in working with atmosphere 
at appro.xiniately 100% relative humidity, the moisture content retained by a completely 
wetted coal at equilibrium in an atmosphere over a saturated solution of potassium sulfate 
at 30°C. (96 to 97% relative humidity) is considered equivalent to the inherent or bed 
moisture for Classification of Coals by Rank (ASTM Designation D388, p. 1256). It is 
necessary to keep in mind that the equilibrium moisture of coal is an arbitrary quantity 
which is affected by the size-consist of the test sample, the temperature and relative hu- 
midity of ambient air, and whether the equilibrium is reached from the completely wetted 
stage or from a certain under-saturated stage. In order to avoid the irreversible effect 
of hysteresis (especially with low rank coals) the general preference is to use, for equilibra- 
tion, completely wetted coal samples, if the results are to be used for classification of 
coal by rank. 


Apparatus for Equilibration of Coal at Reduced Pressure.^^ Conditioning Ves- 
sel.— A reduced pressure vessel provided with a mercury vacuum manometer and a 
glass or incorrodible metal stand to carry dishes loaded with coal above the level 
of the potassium sulfate pulp employed for maintaining relative humidity of 96 to 
97% at 30°C. The stand shall be made in an arrangement which protects the 
dishes from spray due to frothing. 

The volume of free space in the conditioning vessel is not critical but should be 
kept to a minimum by choice of a suitable design of vessel or by increasing the 
volume of pulp material. 

The vessel shall be weighted to overcome its buoyancy when immersed in water. 

Weighing Bottles, glass, low form, fiat bottom, approximately 50 mm. in diameter, 
witli inter-joint cap type standard taper 55/12 stoppers, or 

Petri-Dishes, or incorrodible metal dishes without covers, approximately 15 mm, 
deep and 50 to 70 mm. m diameter, for holding the test samples during equilibra- 


Mechanical Vacuum Pump. 

Water Bath or Insulated Air Cabinet.-The bath or cabinet should be of suffi- 
cient size to accommodate several vacuum-type conditioning vessels, and should be 
uL'ofto''- regulator to maintain automatically a uniform tempera- 


07 .AST.M Designation; D271-58, p. 1150. 
of CoaiyaV Can RdaTiVJSSty'S^d'lo 

(Revised U.K. Method. ISO/TC 27, Document 377), Ifgusq 195^^ Document No. 461 
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3.5457(/l - B)N 
Chlorine, % by weight = * 

where A = millililers KCNS solution used to titrate the remaining silver in the blank 
delermination, 

B = milliliters KCNS solution used to titrate the remaining silver in the sample 
determinationj 

N = the normality of KCNS solution, and 

C = grams of sample used. 

Tolerances.— The results of duplicate determinations carried out at different 
times on the same sample in tlie same laboratory by the same operator using the 
same apparatus should not differ by more tliaii 0.02% chlorine. 

The means of the results of duplicate determinations carried out in different 
laboratories on representative samples taken from the same bulk sample after the 
last stage of reduction should not differ by more than 0.02% chlorine. 

METHODS FOR THE DETERMINATION OF EQUILIBRIUIM 
MOISTURE OF COAL AT 96 TO 97% RELATIVE 
HUMIDITY AND 30°C. 

Occurrence of Moisture in Cou/.— Moisture is present in any coal, in tiie pun 
coal substance and in the mineral matter associated with coal. The moisture con 
tent of d coal sample may dungc in either direction depending upon conditions to 
which the coal is subjected; it tends toward equilibrium with the water vapor prt' 
sure of tlte surrounding atmospiiere to wliich coal is exposed. However, the vapen 
pressure of the moisture in coal does not reach the normal tension of water vapoi 
until the amount present exceeds a certain percentage. 

5cope.— This method of test covers the determination of equilibrium moistuie ol 
coal equal to the percentage of water determined at 105*--110'’C., retained .u 
equilibrium by the test sample after conditioning it either from a completely uctlcci 
or a certain undersaiurated stage at 30'C. in an atmosphere over a saturated sohi 
tion of potassium sulfate. In order to accelerate the moisture exchange of atmos 
phere over the coal and the pulp of potassium sulfate, two different types of con- 
ditioning vessels are recommended: 

(а) Vacuum type conditioning vessel, for equilibration of coal at absolute pics- 
sure equivalent to about 30 mni. of mercury, and 

(б) Ainight conditioning vessel for use at atmospheric pressure, provided with a 
fan for maintaining air circulation. 

In general, the results obtained by the two procedures do check reasonably v\cll 
witliin acceptable limits. 




Fig. 31-16. Apparatus for the Equilibration of Coal at Reduced Pressure. 
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(14) Lead ring with which tlie conditioning vessel is weighted to overcome buoy- 
ancy when immersed in water. 

(15) Pulp of potassium sulfate aystals and water. 

(16) Inconodible melal stand to support the sample dishes above the level oi 
the potassium sulfate pulp, consisting of three plates; for better circulation of air 
and vapor tite plates are spaced and each provided with three circular rows of holes; 
the plates are rigidly assembled in an arrangement whicli protects die dishes from 
spray due to frothing; for the same reason a rubber ring is placed around the stand. 

(17) Glass or inconodible metal dishes used to hold the coal samples during 
equilibration. 

(18) Gas washing bottle charged with sulfuric acid (sp. gr. 1.84). 

(19) Drying jar packed with anhydrous magnesium perchlorate, of approximately 
No. 8 (4380-micron) to No. 45 (350-micron) mesh size. 

(20) Spiral of copper tubing. 

Nort— The thermometer (7) is provided with a metal band fastened to it at the contiol 
temperature of 30*C. and connected with the relay by means of a wire. Since the bore of 
the thermometer is a very fine capillary tube a small change in hath tempcratuie causes 
a relatively large rise or fall of metciiry. The continual rising and falling of the mercury 
causes the capacity of the melal band and mercury column to change, causing the relay 
to turn the heating element on and off. 

Special Reagent. Potassium Sulfate (K;,,S 04 ), crystals. Mix potassium sulfate 
aystals with water and charge into reduced pressure vessel. When the vessel is 
charged for the first time it should be re-evacuated several times until frothing 
ceases. To minimize frothing, the vessel sliould normally be kept evacuated. 

Sample.— Tot the purpose of classification of a deposit or seam, the coal should 
be in fresh unchanged state. Therefore, samples shall not be taken from out- 
crop, weathered, or oxidized coal. Mine samples and Tipple or Shipment Samples 
shall be collected and prepared in accordance with the ^ielhods of Sampling Coals 
(ASTM Designation: D492-48, p. 1137). If only the equilibrium moisture is de- 
sired, the commercial sampling procedure shall be used. If the surface moisture of 
wet coal is to be determined, the procedure for a special moisture sample shall be 
used. 

Preparation of Laboratory Samples.— The samples shall be rapidly stage aushed 
to pass a No. 16 (1190-micron) sieve by means of a coffee-mill type crusher. The 
stage crushing produces a minimum amount of fine material; however, it inaease^ 
segregation so the crushed sample shall be thoroughly mixed. Coals whicit are too 
wet to CTush shall be spread in a tliin layer and exposed to the air of die laboratory 
to be partly dried. Care shall be taken that low-rank coals are not overdried. 

If the aushed sample cannot be examined immediately, it should be protected 
against oxidation and excessive drying. Storage of samples under water may be 
employed (see Notes). 

Procedure.— Place 20 to 25 g. of the aushed and thoroughly mixed coal into a 
250-ml. Erlenmeycr flask and add 100 ml. of recently boiled, cooled distilled wata. 
Shake the flask mechaiiicaJly for 30 minutes, and then place it in die constant- 
temperature bath (maintained at 30®C.) for 3 hours (see Notes). At the end of 
the wetting period remove the excess water from die coal by filtering on a 
Buechner-type funnel, approximately 65 mm. in diameter, using suction supplied 
by a water filter pump. Wash the filtered coal with two separate portions of 
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95 ml of distilled water. In order to remove most of the adherent moisture and 
to prevent drying of the sample, close the funnel with a rubber stopper fitted with 
a glass tube, and pass air saturated with water vapor through the coal layer for 

ten minutes. • r • u 

This treatment fully saturates the coal with water and removes interfering hygro- 
scopic salts. 

Notes —Mine samples and certain coals which deteriorate ivhen treated with water may 
be eciuilibrated directly without wetting, provided the samples are collected and prepared 
with a minimum loss of moisture. Unwetted coals should be equilibrated tor var)ing 
periods of time, in units of 24 hr., in order that equilibrium may be attained. 

Employing coal samples stored under water, the wetting of samples m Erlenmeyer flasks, 
shaking, and placing them in constant temperature bath for 3 hours is superfluous and 
should be omitted. 


Equilibration.-After draining the coal, mix thoroughly the wet coal with a 
spatula to correct segregation and spread approximately 2 to 5 g. of the coal in a 
uniform layer in a weighing bottle of known weight and with such a bottom area 
that the weight of dry coal per 10 sq. cm. does not exceed 1 g. 

If the determination of moisture content of the analysis sample is required, 
quickly close the weighing bottle, and weigh to the nearest 0.2 mg. Then uncover 
die weighing bottle and place on the stand over the pulp of K2SO4 in the condi- 
tioning vessel. 

If only the equilibrium moisture of the sample is required, Petri-type dishes of 
unknown weight may be used to hold the test samples during equilibration. 

Replace the cover of loaded conditioning vessel, make it gas-tight by careful grind- 
ing, greasing, and tightening of all connections. Then evacuate the vessel to an 
absolute pressure equivalent to about 15 to 20 mm. of mercury by means of me- 
cltanical vacuum pump, and immerse it in a constant temperature water bath (or 
place in an insulated air cabinet) maintained at 30° ± 0.1 °C. 

The pressure should rise quickly to about 30 mm. which is the water vapor pres- 
sure of the saturated solution of potassium sulfate at 30°C. 

If the pressure rises above 30 mm. re-evacuate the vessel without otherwise dis- 
turbing it. 

Leave the samples undisturbed in tlie evacuated vessel at 30° ± 0.1 °C. and 30-mm. 
pressure for a period of 48 hours for all coals higher in rank than lignite; lignite 
will require 72 hours to reach equilibrium. 

At the end of equilibration period, with the vessels still in the bath, restore 
the pressure in the vessel to atmospheric by slowly admitting dry air at 30°C. 
through a train consisting of: 

(1) A convenient vessel (bubbler) charged with H,SO^ (sp. gr. 1.84) and suitable 
for use as a flowmeter for estimating the rate of flow of air through the sulfuric 
acid, (18, Fig. 31-16), ® 


(2) A drying jar charged with dry magnesium perchlorate, (19, Fig. 31-16), and 

(3) A coiled copper tube placed in the constant temperature bath and connected 
to the inlet of the conditioning vessel, (20, Fig. 31-16). 

In order to avoid changes in the moisture content there must be no disturbance 
of the local atmosphere immediately adjacent to the conditioned coal. It may be 
achieved by regulating the air inlet so that the time taken to restore atmoTpherk 
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Note.— The air flow may be regulated by careful opening of the stopcock (13b, Fig. 3M6) 
in the cover of the conditioning vessel accoiding to bubble count passing the H 2 SO 4 vessel 
(18, Fig. 31-16), or by including in the train a capillary tube with one end drawn out to 
a lip having a suitable bore for regulating the rate of air flow. 

Subsequent Treatment.— Remove the conditioning vessel from the bath and 
open immediately. If a dish similar to Petri-dish is used to hold the test sam- 
ple during equilibration, pour the equilibrated coal as fast as possible into a 
previously dried weighing bottle of known weight, quickly close it and weigh 
the covered bottle and its contents to determine the weight of equilibrated coal 
taken. 

If a weighing bottle of known weight was used to hold the coal during equilibra- 
tion, quickly cover the weighing bottle with its lid, wipe off with a chamois or 
chemically clean, lint-free cloth, allow to stand for 30 minutes in tlie desiccator 
cabinet, and weigh to the nearest 0.2 mg. 

Uncover the weighing bottle with die conditioned coal, place it in the drying 
oven preheated to lOS'C. and dry (lower rank coals in an atmosphere of nitrogen) 
at a temperature of 105“ to 110*0. until constant weight (1.5 to 3 hours is 
normally sufficient). Then remove the weighing bottle from the oven, cover 
quickly, cool 30 minutes in a desiccator over H^SO^ (sp. gr. 1.84) or calcium 
chloride and weigh. 

Apparatus for Equilibration of Coal at Atmospheric Pressure. A double-walled 
airtight conditioning vessel provided widi accessories capable of maintaining con- 
stant temperature of 30* ±0.1*0. inside the vessel and a proper air circulation 
over the relatively large surface of wet potassium sulfate cliarged on the bottom of 
die vessel, and the surface of coal diarged in conical flasks placed on a stand above 
the level of the pulp of potassium sulfate crystals and water. 

A circulating system, thermostatically controlled, designed for circulating water 
of controlled temperature through die walls and, if required, odier parts of con- 
ditioning vessel, capable of maintaining a constant temperature of 30“ ± 0.1*C. in- 
side die conditioning vessel. 

Conical flasks, or weighing bottles, 50 to 70 mm. in diameter, with iuter-joint, 
cap-type stoppers, to hold the coal samples during equilibration. 

The apparatus shown in Fig, 31-17, made by P. O. Kruniin and K. Svanks at The 
Ohio Slate University Engineering Experiment Station essentially according to 
ISO/TC 27 (Germany-13) Document No. 409, May, 1956, has been found satisfac- 
tory for equilibration of coal at atmospheric pressure. 

Note.— V arious items of equipment, such as ueighing bottles, dr)ing oven, crusher, sieve 
and shaking machine may be used as speciRed under Apparatus (p. 1209). 

The apparatus (Fig. 31-17) for the equilibration of coal in airtight vessels at 
atmospheric pressure, consists of: 

(1) A constant temperature circulating system, designed for circulating a liquid 
of controlled temperature through various parts of a conditioning vessel, and capa- 
ble of maintaining a constant temperature of 30* ± 0.1“C. inside conditioning 
vessel. 

(2) Adapter for distribution of constant temperature water for circulation 
through various parts of conditioning vessel. 

(3) Adapter for collecting the circulating water from four outlet tubings of con- 
ditioning vessel. 
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(4) Mercurial thermometer ranging from 18.3“ to 35“C. (65“ to 95“F.), graduated 

(5) Double-walled conditioning vessel made of copper sheet, provided with inlet 
and outlet tubings connected to circulating system, and a rubber gasket. 

(6) Two-piece, double-walled lid, each piece provided with inlet and outlet 
tubings connected with adapters of the circulating system and clamps. 

(7) Fan housing with shaft bearing, surrounded by a copper coil connected to 
adapters of circulating system, and six air intake tubes. 

(8) Electric motor, designed for continuous duty with adjustment of speed, 
mounted in a manner that eliminates vibration. 

(9) Suitable isolation sheet covering entire surface of conditioning vessel. 

Note.— A 6- to 7-mnT. thick cork isolation sheet has been found satisfactory. 


(10) Mercurial thermometer ranging from 18.3“ to 35“C. (65“ to 95“F.), gradu- 
ated in units of 0.05 “F. 

(11) Pulp of potassium sulfate crystals and water. 

(12) Incorrodible metal disc (soldered to lower end o/ fan housing unit) to sup- 
port die sample dishes above level of pulp. 

(13) Glass tubings with flexible rubber connections to air intake tubings of fan 
housing chamber (7). 

(14) Conical flasks used to hold samples during equilibration, or weighing bot- 
tles (not shown in the diagram). 

(15) Fan (mounted on metal rod provided with roller bearing and connected 
with motor shaft) to accelerate moisture exchange by circulating air from sample 
dishes, over wet potassium sulfate and back. 

(16) Inlet and outlet tubings for purging the vessel with nitrogen (not shown 
in the diagram). 

Special Reagent. Potassium Sulfate (K^SO^) Crystals.— Mix potassium sulfate 
crystals with water and charge into atmospheric pressure vessel. 

Procedzire.— Place 2 to 5 g. of dioroughly mixed coal (previously treated accord- 
ing to the procedure described on p. 1212) into a conical flask (14, Fig. 31-17) and 
spread evenly over the bottom of the flask. Place the flask on the stand (12, Fig. 
31-17) of the conditioning vessel which is kept at a temperature of 30“ ± 0.1 “C. 
Put tlTe air suction tube (13) in the conical flask, close the vessel, make it airtight 
by applying rubber gasket and clamps, and switch on the fan for maintaining air 
circulation. 

The time of conditioning depends on rank of die coal and the quantity 
of moisture to be exchanged. Several determinations should be made using 
varying conditioning periods from 4 to 24 hours or more in units of 4 hours 
The results rvill indicate whether equilibrium has been attained in the shorter 
period. 


According to ISO Document No. 622, submitted by the German delegation the 
leached m a period of 2-4 hours, if tL excess moisture S the tes? 
sample, aftei filteung on a Buechner-type funnel, is further reduced by oressino- the 
sample between layers of absorbent paper. i piessing the 


At the end of conditioning period lift the lid of the vessel, remove the air suction 
tube, and pour the condttioned coal as fast as possible from the conical flask into 
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a \vei"hinff bottle which has been previously heated with its ltd at 105° nO°C., 
coolecf in a desiccator and weighed with its lid. Quickly close the weighing bottle, 
and tvcigh the covered bottle with its contents to determine the weight of equili- 
brated coal sample taken. Uncover the weighing bottle tvith the conditioned coal, 
place in a preheated drying oven (at 105°-1 10°C.) and follow the same procedure 
for the determination of moisture as described in the second paragraph under 


Subsequent Treatment, p. 1214. 

Simultaneous Determination of Forms of Moisture.— Simultaneous determination 
of total, surface, and equilibrium moisture may be conveniently made employing 
ecjuilibratiou procedure either at reduced or at atmospheric pressure. For this pui- 
pose, tlie test sample must be placed into a weighing bottle of known weight 
(Petri dish or conical flask without lid cannot be used) and weighed before equili- 
bration, in order to establish the iveight of the sample taken. Weighing of the 
test sample tvith weighing bottle plus lid before equilibration is tlie only addi- 
tional step required for simultaneous determination of die three forms of moisture 
under consideration. All odier steps of the procedure shall be carried out as de- 
scribed before for the determination of equilibrium moisture. 


Non;.— For additional information regarding the e,\periniental ivork on which simul- 
taneous determination of forms of moisture is based, see P. O. Krumin, Forms of Moisture 
in Coal, Bulletin No. 195, Ohio State University Engineering Experiment Station, 1963. 


Fig. 31-17. Diagram of Apparatus for the Etiuilibration of Coal at Atmospheric Pressure. 

See facing page. 


(1) A constant temperature circulating sys- 
tem, designed for circulating a liciuid 
of controlled temperature through var- 
ious parts of the conditioning vessel: 
the circulating system shall be capable 
of maintaining a constant temperature 
of 30° ± 0.1 °C. inside the contlitioning 
vessel. 

(2) Adapter for distribution of constant 
temperature water for circulation 
through various parts of conditioning 
vessel. 

(3) .Adapter for collecting the circulating 
Avater from four outlet tubings of the 
conditioning vessel. 

(1) Thermometer, mercurial, covering a 
range from 18.3 to 3r)°C. (65 to 95°F.), 
graduated in units of 0.05° F. 

(.“)) A double-walled conditioning vessel 
maile of copper sheet, provided with 
inlet and outlet tubings connected with 
the circulating system. 

(6) A two-piece double-walled lid, each 
piece provided with inlet and outlet 
tidiings connected with adapters of the 
circulating system. 

(/) A fan housing with shaft bearing sur- 
rounded by a copper coil connected 


with adapters of the circulating system, 
and si.x air intake tubes. 

(8) A motor stirrer, electric, designed for 
continuous duty rvith adjustment of 
stirring speed. 

(9) A suitable isolation sheet covering the 
entire surface of the conditioning ves- 
sel. 

(10) Thermometer, mercurial, covering a 
range from 1S.3 to 35°C. (65 to 95°F.), 
graduated in units of 0.05°F. 

(11) Pulp of potassium sulfate crystals and 
water. 

(12) Incorrodible metal disc (soldered to the 
lower end of the fan housing unit) to 
support the sample flasks above the 
level of the pulp. 

(13) Glass tubings with flexible rubber con- 
nections to the air intake tubings of 
the fan housing chamber (7). 

(14) Conical flasks used to hold the coal 
samples during equilibration. 

(15) A fan (mounted on metal rod con- 
nected with motor shaft) used to accel- 
erate the moisture exchange by circu- 
laling ail’ trom the conical sample 
flasks over the wet potassium sulfate 
and back, into the sample flasks. 
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CiUuIation.-Calculatc ihc pcrccmagc of mouiurc in llic coal sample as follous: 

Tot.il moisture =“ -rr X 100, 

II 3 II j 

Surface moisture »» -777 rrr X 100, 

11 3 — II 1 

Eqviilibrium moisture " 777 X ^ 00 * 

II I — II I 

where ll’i = weight of empty weighing Ixsttlc plus co\cr (g.), 

Ij% ss weight of weighint; bottle plus to\cr plus coal sample before equilibration 

b;.). 

ll's s= weigln of weighing bottle plus co\cr plus coal after equilibration (g.), and 
11*4 = weight of weighing bottle plus co\cr plus coal sample after drying (g.) 

Keport.— Rcpoti the ecptililtrium tiioi\turc to the nearest 0.1% js the percentage 
loss in weight ol the etjuihlnated cual. 

I'lectsiun.- 1 he permissihle dillcieiitcs between two or mute dL'tetminations car* 
tied out ill dilleicnt hatches shall nut exceed the following \alues; 



edit taint 
vfxralcft ike 

litpioJutxbihtj 

Kijuihbriurn 

tame af-pata^ 


Mmslurf, % 

% 


under 5 

0.3 

0.5 

5 (u 15 

0.5 

1.0 

oscr 15 

1.0 

1.5 


SAMPLING AND ANALYSIS OF COAL FOR VOL.VTILE 
j>L\TTER DETEILMINATJON iN CONNECTION 
WITH SMOKE ORDINANCES''* 

Titis method is limited to the sampling and anal)sis of cttal fur solaiilc matter 
determination reported on the moisture- and ash-free basis in connection with 
smoke ordinances regarilitig permissihle solatilc mailer content of solid fuels. 

Procedure.— 1 he conieiu of \ulatilc matter of a specific lot «»f coal shall be de- 
termined 1)) an.il)/ing a gioss s.imple of not less than DO lb., consisting of a mini- 
mum of nine increments, each increment weighing not less than 10 Ib. Sampling 
and ati.ihiii sli.iH be carried out as described in the following paragraphs. 

Collection of Cross Sample.— 'I'hc procedure for collecting the increments sliall 
fulfill all of ilie requirements of g<H>d s.'impling as specified in Section 2 and Sec- 
tion 6 of the Standard Methods of Sainpling Coals Classed .According to Ash Con- 
tent (AS'i'M Designation: D1U2, p. 1137). 

Retfuen'on of Sample.— 'I'lie UO lb. niinimuin gross sample obtained by the pro* 
tedure prescribed in Paragraph (a) sh.d! be reduced for anal)sis by mechanical 
preparation in accordance with Section 7 of Standard Methods D192, page 1. 

''“ Under the slandaidiration procedme of the Society, this method is under the jmis- 
diction of the v\STM Coiiiiniuee l)-5 on Coal and Coke. Suuulaidiicd as AST.M D5)iO-j3. 
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Analysis of Sample.-The laboratory determination for volatile inatter content 

shall be made in accordance with Section 16 (a) and (c), \ TcoaTand 

18 (b) of tlie Standard Metliods of Laboratory Sampling and Analysis of Coal and 

Coke (ASTM Designation: D271.p. 1152). . , 

Moisture and ash determinations for use in calculating volatile matter to a mois- 
ture- and ash-free basis shall be made on the laboratory sample used for the volatile 
matter determination. The moisture determination shall be made in accordance 
lyitli Sections 9 to 11 of Standard Methods D271 (p. 1150), and the ash determina- 
tion in accordance widi Section 13 and Section 14 of Standard Methods D271. 
Report.-Volatile matter shall be reported as a percentage of the moisture- and 

ash-free coal, and shall be calculated as follows: 

Volatile matter as determined ^ 

Volatile inatter in moisture- and ash-free coal = iQO - (moisture -f- ash) ^ 


Reproducibility of Results.-This mediod is intended for an accuracy such that 
if a large number of samples were taken, as described above, from an equally large 
number of lots of similar coal dien, on the average, in 99 out of 100 cases the test 
values for the percentage of moisture- and ash-free volatile content would have an 
accuracy within plus or minus 1.0. 


GRINDABILITY OF COAL BY THE HARDGROVE-MACHINE 

METHOD 


Scope.— This method is used to determine die relative grindability or ease of 
pulverizing of coals in comparison with a coal chosen as 100 grindability. The 
method is based on Rittinger’s Law, which states: “The work done in pulverizing 
is proportional to die new surface produced.” A prepared sample receives a 
definite amount of grinding energy in a miniature pulverizer, and the new surface 
is determined by sieving. 

Apparatus.— The apparatus shall consist of the following: 

Grindability Machine.— A grindability machine such as is shown in Fig. 31-18 is 
required for this test. The eight 1-in. balls roll on a stationary' ring and are driven 
from above by a rotating ring. The action of the rolling balls causes an increase 
in die surface of the sample being tested. A definite pressure of 64 ± V 2 lb. on the 
balls is obtained by the weights, shaft, top grinding ring, and gear. A predeter- 
mining counter is used to stop the motor automatically as soon as the vertical 
sliaft of the grindability machine has made exactly 60 revolutions. 

Sieves.-rhe following sieves will be required: 1190-micron (No. 16), 590-micron 
(No. 30). and 71-micron (No. 200). The sieves shall confoim to the Specifications 
for Sieves for Testing Purposes (.ASTM Designation; Ell, p. 1277). 

.Medianical Sieving Device.— A mechanical sieving device is desirable, although 


Under the staiu^ procedure of the Society, this method is under the iuris- 
oicuon of the .ASI.M Committee D-5 on Coal and Coke. Standardized as ASTM D409-51 
• l or information concerning the experimental work on which this method is based' 

fhv'is'' 51 fVi>' Transactions, Am. Soc. Mechanical 




Section "a-A" 

Fir.. 31-18. Hardgiove Grindabilil) Machine. 
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not necessary. If a mechanical sieving device is not available, it will be necessary 
to cive the sample an equivalent amount of hand sieving. 

Balance.-A triple beam balance having a sensitivity of 0.01 g., with which weigh- 
ings from 0.01 to 111 g. can be made, is well adapted for this test. However, a 
torsion or trip balance with suitable pan, of the specified sensitivity, may be used. 
Greater sensitivity than 0.01 g. is not necessary for this test. . , u-v 

Laboratory Crusher.— The sizing of the sample to be placed in the grindability 
machine shall be such that it will pass the 1190-micron (No. 16) sieve, and remain 
on the 590-micron (No. 30) sieve. In order to break up the coarser particles of the 
sample being prepared for test, a laboratory crusher or a coffee mill will be found 
desirable. The use of such a device allows the reduction of the coarser particles 
without the production of excess fine material. 

Gross Sa 77 iple.—A representative gross sample of coal should be collected and 
prepared by crushing to pass a 4760-micron (No. 4) sieve in accordance with the 
Metliods of Sampling Coals Classed According to Ash Content (ASTM Designation: 
D492, p. 1137). 

Preparation of Sa 7 nple.— An air drier and a small riffle sampler as described under 
the Methods of Laboratory Sampling and Analysis of Coal and Coke (ASTM Desig- 
nation: D27I, pp. 1145-1146), or equivalent, are desirable in preparing the sample. 
Place the laboratory sample, after air drying until the loss in weight is not more 
than 0.1% per hour, on the 1190-micron (No. 16) sieve nested with a 590-micron 
(No. 30) sieve and bottom pan. Shake the sieves by a mechanical sieving machine 
tor approximately 2 min., or by an equivalent amount of hand sieving. Put the 
material remaining on the 1190-micron sieve into a laboratory crusher or a coffee 
mill in which the set screw has been adjusted so that the coarsest particles are 
broken up. Return the sample after passing it through the laboratory crusher 
or coffee mill to the 1190-micron sieve of the nest of sieves, and again shake it by 
the mechanical sieving machine or by hand sieving. Repeat this operation several 
times until the entire sample has passed through the 1190-micron sieve. Then 
shake the material remaining on the 590-micron sieve to thoroughly remove any 
material smaller than this size. Discard all material passing the 590-micron sieve. 
By using this method of preparing the sample, a minimum of fines is produced. 

Operation of Grindability Machine.— Set the predetermined counter so that the 
machine will automatically stop after 60 revolutions have been completed. To en- 
sure stoppage of the machine within one-quarter of one revolution, two trippers 
are furnished. One tripper is fixed, and the other may be set to correspond with 
the coasting of the machine after the switch is opened. Therefore, the number of 
counts on die counter will be 120, or just twice the number of revolutions made by 
the machine. Clean the grinding elements thoroughly by brushing them before 
the sample to be tested is added. Place the eight 1-in. diameter balls in the bottom 
of the lower grinding element and distribute 50 g. of the prepared No. 16 to No. 30 
size sample evenly over the balls. Brush any material falling on the elevated sec- 
tion of the lower grinding element towards the balls. Then place the upper grind- 
ing element on the balls and fit die lower end of the shaft to the square opening 
in the disk and fasten the grinding elements securely in place by two thumb screws 
on the sides of the lower grinding element. Care shall be taken to pull the bowl 
up evenly with the thumb screws. The set screw on the collar which supports the 
driving gears shall always be kept tight, otherwise the weights will rest on the 
frame and there will be no pressure on the balls. Set the predetermining counter 
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to zero, and close the stalling switch. After the machine has been automatically 
stopped, transfer the sample to the 74-micron (No. 200) sieve. 

Sieving.— Shake the 74-micron (No. 200) sieve by a mechanical sieving madiine 
for 10 min., or by an equivalent amount of hand sieving. Then remove the sieve 
and clean the underside carefully with a 1-in. bristle brusli in order to remove 
any adherent material. Then sliake the sample by the mechanical sieving madiine 
for 5 min. more or by an equivalent amount of hand sieving, after which the 
brushing of the underside of the sieve shall be repeated. After an additional 5 
min. of sieving, tlie material is ready for weighing. A total of 20 min- of mechani- 
cal sieving, or an equivalent amount of hand sieving, should result in a compara- 
tively clean sieve. 

^Veighing the Sample.— Coals having a high residual moisture content (tliis is 
especially true of lignites) lose some of their residual moisture when in a pulver- 
ized condition. For this reason, rapid and fairly accurate weighing is essential. 
Discard the material passing through tlie 74-micron (No. 200) sieve, weigh the ma- 
terial retained on the sieve to within 0.1 g., and record the weight. 

Calculation.— The grindahility index shall be calculated as follows: 

Hardgrove grindabiliiy index ” « 13 + 6.9311^ 

where IF = weight of material passing the 74-micron (No. 200) sieve, determined from 
the weight of the original sample (50 g) minus the weight of the material 
retained on the 74-micron (No. 200) sieve. 

Reproducibility of Results.— The permissible variation between two or more 
determinations shall not exceed the following: 

Pfr Cent 


Same laboratory 2 

Different laboratories 3 


DROP SHATTER TEST FOR COAL^® 

This method of diop shatter test** is intended for determining the relative size 
stability and its complement, the friability, of sized coal. It affords a means of indi- 
cating the ability of coal to withstand breakage when subjected to handling at tlic 
mine and during transit to the consumer. The test is serviceable for asceitaining 
the similarity of coals in respect to size stability and friability ratlier than for de- 
termining values witliin luirrow limits in order to emphasize tlieir dissimilarity. 

■2 The calibiatiun of the machine may be checked by running reference samples, iiilor- 
malion about uhich ma\ be had by request to Societv Hcadquaileis, 1916 Race St., I’liila- 
delphia 3. Pa. ^ / i / n 

■ 3 Undei the standaidization procedure of lUe Society, this method is under the 
diction of llie ASTM CommiUce D-5 on Coal and Coke, Stamlaidized as ASTM D440-49. 

•■i Tor inlormation concerning the dev'clopment and utilization of this drop shatter lest 
inctliod for coal the lollowing references may be consulted: 

C. M. Smith, An investigation of the Friability of DiHereni Coals, University of Uhnois, 
Lngineering Expeiinieiu Staiion, Bulletin No. 196, 1929: The Friability of Illinois Coals, 
Umversii) of Illinois, Engineering Experiment Station, Bulletin No. 218, 1930. p 

H. F. iancc) and R. E. Zaiie, Comparison of Methods for Determining tlie rnability o 
Coal, U. S. Buieaii of Mines, Report of Investigations 3215, 1933. „ 

R. E. Giimoie. J. H. H. Nicolls and G. P. Connell, Coal Friability Tests, Canadian ue- 
Iiarimem of .Mines, Mines Branch, No. 762, 1935. 
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This method is considered applicable tor testing a selected size o£ different cmh 
tor testing different single sizes of the same coal, and tor muted sizes of the s 
or different coals (see Note). 

Note— B v single sires is meant those with fixed upper and lower screen opening limits, 
selSS ftoin Ke designated under Screens (next section), and by mixed sizes is meant 
either “slack” or a mixture of two or more single sizes. 

This test appears best suited for measuring the relative resistance to breakage of 
the larger sizes of coal when handled in thin layers such as from loadei to mine 
car, from loading boom to railroad car, from shovel to chute, etc. While it may 
not be so well adapted for measuring the liability to breakage of coal when handled 
in mass, as in unloading open-bottom cars, emptying bins, etc., it is believed that 
the method of test will serve also to indicate the relative size stability of composite 
sizes of coal where, in commercial handling, the smaller sized pieces have a cushion- 
ing effect which tends to lessen the breakage of the larger pieces of coal. 

Apparatus. Shatter Test Machine.-The shatter test machine, which is the same 
as that described and illustrated in the Method of Drop Shatter Test for Coke 
(ASTM Designation: D141, p. 1268), shall consist of a box 18 in. in width, 28 in. 
in length, and approximately 15 in. in depth, supported above a rigidly mounted 
cast-iron or steel plate not less than Y 2 in. in thickness, 38 in. in width, and 48 in, 
in length. The inside of the bottom of die box shall be 6 ft. above the plate. The 
bottom of the box shall consist of two doors hinged lengthwise and latched so that 
diey will swing open freely and not impede the fall of the coal. Boards about 8 in, 
in height should be placed around the plate so that no coal is lost. To prevent the 
breakage of coal, which may occur while placing the sample in the box, the box 
shall be constructed so that it can be lowered to a convenient level; this is best done 
by means of a pulley and counterweight. A convenient form of shatter test ma- 
chine is shown in Fig 31-19. 

Screens,— Round-hole screens selected from the following sizes, 8, 6, 4, 3, 2, 1%, 
1. %> ¥ 2 , Vi, and in., should be used. These screens should conform to the 
Specifications for Sieves for Testing Purposes (ASTM Designation: Ell, p. 1277). 
Frames for the screens may be of either hardwood or metal, and may be square, 
rectangular, or circular. A nest comprising all the screens in the series, with 2-ft. 
square plates, that is, of 4-sq. ft. area, is recommended, although plates with areas 
of 6 to 9 sq. ft., are suitable. 

Collection of Gross Sample.— The gross sample should be obtained in accordance 
widi instructions given in the Method of Test for Screen Analysis of Coal (ASTM 
Designation: D410, p. 1231). In order that the entire quantity of the coal sam- 
pled will be represented proportionately in the gross sample, increments should 
be regularly and systematically collected. When testing coal as mined, tire sample 
should be taken at the mine before it is subjected to screening and to loading into 
cars at the tipple. When testing coals subsequent to mining, the sample may be 
taken at any stage in the transportation from the mine to the place at which it is 
to be used. For the correct interpretation of the shatter test results, the elapsed 

time since mining as well as a record of the handling and storage of the coal should 
be noted. 

Preparation of Laboratory Sample.-Usmg the screens designated above make 
a piehrmnary screening of a representative portion or all of the gross sample and 
retain the screened sizes separately. Screen successive representative portions of 
the gross sample to obtain at least 200 lb. of the single size selected for test While 
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the size or sizes to be selected for test are optional in this method, one or more of 
the sizes larger than 2 to 3 in. are suggested with preference for the 4- to G in. 
size. In cases where difficulty is experienced in screening this quantity, the amount 



o tained by the preliminary screening may be augmented from larger pieces by 
t lopping them in the shatter lest apparatus. This procedure for obtaining from 
arger pieces an adequate quantity of a particular size selected for test is especially 
applicable to freshly mined coal. 

mix the total quantity of the single size selected for lest obtained 
as described in the abo\e paragraph, and tlicn rescreen it to pass the upper limit- 
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inff screen opening and to be retained on the lower. Place only a thin layer ol 
co!l on the screen so as to allow the pieces to be in direct contact with the screen 
openings. Individual pieces of coal not passing readily through either of the 
screens shall be tried by hand to determine whether they will pass through the 


openings in any position without forcing. , . , , , 

For slack coals and mixed sizes, carefully prepare the sample either by the 
process of quartering or by reassembling the different sizes in the proportion ob- 
tained in the preliminary screening of the lot of coal to be tested. For slack coals 
in which the largest pieces will not be retained on a screen with %-in. openings, 
quartering is satisfactory; while for larger sized slack coals and for blends of two 
or more single sizes, the reassembling method is recommended. Before dropping, 
screen the samples prepared by cjuartering on the same set of screens selected £oi 
die dropped coal. 

Procedure.— A 50-lb. portion of the coal sample, prepared in accordance with 
the preceding section, shall be given two drops. Place the coal in the box of the 
shatter test machine, level it, and then drop it a distance of 6 ft. onto the plate. 
Carefully return all the coal on die plate to the box and again drop it. After the 
second drop, separate the material into sized portions using the screens specified 
above. In screening, care shall be taken to prevent further breakage of the 
coal. The screening shall be carried out in such small increments as to permit 
satisfactory contact between the individual pieces of coal and the screen. On the 
larger screens, down to and including the screen ivith 1-in. openings individual 
pieces of coal not readily passing through the screens shall be tried by hand to 

determine whether they will pass through the openings in any position without 

forcing. When using the screens with %-in. openings and smaller, the coal shall 
come into intimate contact with the screen either by shaking or rolling by hand 
without upending the individual pieces. 

Weigh the coal remaining on each screen, and that which passes dirough the 
bottom screen either separately or in a cumulative manner on a scale sensitive to 
Vi lb. or less. By the cumulative method, weigh the largest pieces into a tared 

container and add each successive smaller size to this. Weigh the total amount 

after each addition. If the final net weight so obtained shows a loss of over 1%, re- 
ject the test and make another. In each case where the loss is less than 1%, it shall 
be considered as material passing the in. or other bottom screen used, and 
shall be included with this size. Make at least two tests to obtain size stability 
results agreeing within 2%. When three or more tests are considered advisable and 
are made, all the results within a maximum to minimum limit of 3% may be 
averaged. 


Report.— («) The percentage weight screen analysis shall be reported to the near- 
est 0.1 per cent, and the percentage size stability to the nearest 0.5 per cent. 

(5) Numerical examples of tabulating the results and of calculating the size 
stability in per cent and the friability in per cent are shown in Tables 31-5 and 
31-6. The form shown in Table 31-5 is general and serviceable for both single 
and mixed sizes. The form in Table 31-6, in which the example shown is for a 
4- to 6-in. size, is serviceable for other single sizes. The screen with i/^-in. open- 
uigs is suggested as the bottom screen for testing single sizes, 2 to 3 in. and larger, 
or smaller single sizes, slack coals, and mixed sizes containing slack, two addi- 
tional (bottom) screens, with %- and %-in. openings, are recommended. 
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Table 31-5. General Form for Reporting Data and Calculations 


Round-Hole 
Screens, in. 

Weight, 

% 

Average of 
Screen Size 
Openings, 
in. 

Product of Weight 
Percentage and of 
Screen Openings 

Retained 

on 

Passing 

Before 

Test 

After 

Test 

Before 

Test 

After 

Test 

8 

6 

8 



7.000 



4 

6 



5.000 



3 

4 



3.500 



2 

3 



2.500 



ij 

2 



1.750 



1 

u 



1.250 



i 

1 



0.875 




f 



0.625 



i 




0.375 




i 



0.185 




1 



0.060 



Total passing f 



0.185 



Total passing f 



0.125 



Average size of coal before and after test (two drops), in. . . 

Total, S 

Total, s 


Size stability, % = ^ 

(Friability, % = 100 — size stability) 


TUMBLER TEST FOR COAL « 

This tumbler test is intended for determining the relative friability of a par- 
ticular size of sized coal. It affords a means of measuring the liability of coal to 
break into smaller pieces when subjected to repeated handling at tlte mine or 

• • ** standardization procedure of the Society, this method is under the jurisdic- 

tion of the ASTM Committee D-5 on Coal and Coke. Standardized as AST^^ D441-45. 

"i concerning the development and utilization of this tumbler i«t 

method for coal, the following references may be consulted: J. H. H. Nicolls, Friahiiii' 
tests on Various Fuels Sold in Canada, Paper II, Canadian Department of Mines, Mines 
Branch, No. 644, 1926; I. Lavine, A. W. Gauger, and C. A. Mann, Studies in the Dc\c!oj)- 
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Table 31-6. Form and Example for Reporting Data and 
Calculations for a Selected Single Size 


Round-Hole 


Weight, 

Screens, in. 

Weight 



Recor- 

per cent 

Retained on 

Passing 

ded, lb. 

. (1) 


Average of 
Screen Openings 


Product 

of 

(1) X (3) 


Inches (2) 


Factor (3) 


Sample 


4 

! 

6 

50 

100.0 

1 

5.000 

1 

1 

i 

100.00 = s 


Dropped Coal 


4 

6 

24i 

48.5 

5.000 

1 

48.500 

3 

4 

7 

1 15.0 

3.500 

0.7 

10.500 

2 

3 

6h 

13.0 

2.500 

0.5 

6.500 

u 

2 

3 

6.0 

1.750 

0.35 

2.100 

r 

li 

A 2 1 

2| 

5.0 : 

1.250 

0.25 

1.250 

1 

1 

U 

3.0 

0.875 

0.175 

1 0.525 

1 

1 

U 

3.0 

0.625 

0.125 

0.375 


1 

2 

3| 

6.5 

0.250 

0.05 

i 

0.325 

Total (Sum of products (1) X (3) for dropped coal) 

mm 


Size stability, % = 


100 X r 
S' 


100 X J 
100 


= T = 70.1 


To be reported as: Size Stability, 70% 


(Friability, % = 100 — 70 = 30) 


subsequently, by tlie distributor or by the consumer. The test is serviceable for 
ascertaining the similarity of coals in respect to friability rather than for deter- 
mining values within narrow limits in order to emphasize their dissimilarity. This 


mem oE Dakota Lignite, Industrial and Engineering Chemistry, 22, No. 12, p. 1360, 1930; 
G. E. Lawall and C. T. Holland, Some Physical Characteristics of West Virginia * Coals* 
.-yu. Inst. Mining and Metallurgical Engrs., Coal Division, 101, p. 100, 1930; H. F. Yancey', 
K. A. Johnson, and W. A. Selvig, Friability, Slacking Characteristics, Low Temperature 
Carbonization Assay and Agglutinating Value of Washington and Other Coals, U. S. 
Bureau of Mines Technical Paper No. 512, 1932; H. F. Yancey and R. E. Zane, Comparison 
of Methods for Determining the Friability of Coal, U. S. Bureau of Mines, Report of 
Investigations 3215, 1933; and R. E. Gilmore, J. H. H. Nicolls, and G. P. Connell, Coal 
l-nabiluy Tests. Canadian Department of Mines, Mines Branch No. 762, 1935. 
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method also may serve to indicate die relative extent to wliich sized coals will 
sufTer size degradation in certain inecliaiiical feed devices. The test may be em- 
ployed for differentiating between certain ranks and grades of coal, and there- 
fore the method is of service for coal classification puiposcs. 

Alil>firatiis. Porcelain Jar Tumbler.— The tumbler should consist of a cylindrical 
porcelain jar of uniform dimensions, VA in, in diameter and 7V4 in. in depth, in- 
side measurements, such as is employed for pulverizing coal samples for analysis. 

The jar diould be fitted inside with an iron frame with 
lifting shelves constructed as shown in Fig. 31-20. The 
two rings, a, should be T\i in. in outside diameter and 
sliould be made of %- by ^6-in, iron. The three ledges 
or shelves, b, 6% by % by in., should be attached 
radially to the rings by means of small brackets, c, 
the ends of the shelves being flush with the outer edges 
of the rings. The shelves should be attached so that 
there will be %-in. clearance between their outer edge 
and the outside of the ring. Rivets, not bolts, should 
be used in constructing the frame. As the jars avail- 
able commerciully are not of absolutely uniform si/c. 
the measurements of the frame may be slightly varied 
to suit individual cases. The frame should be fixed 
inside the jar by means of wedges between the rings 
and the inside wall of the jar so tliat its axis shall coin- 
cide as nearly as possible with the axis of the jar, and 
so that the frame will rotate with the jar. The jar 
should be closed by a set-in porcelain lid resting upon 
a heavy rubber gasket and sealed tiglitly according to 
the customary procedure with such jars, that is, by 
means of a bolt working against the lid. The bolt 
1 .r M. sIiouUl bc SCI itt 3 cTossbar, the ends of whicli should 

k'ved iu jAv Mill. he held by a racial strip which fits around the body ol 

the jar. For tumbling, the jar should be laid in a 
hori/ontal position in a suitable support or rack and rotated about its cjlimlricnl 
.ixis at the rate of 40 r.p.m. 

Optional Iron Jar Tumbler.— An iron jar may be substituted for the porcelain 
jar specified in the preceding paragraph, provided it has approximately the same 
internal dimensions, namely, 7^4 in- in diameter by 7M in. in depth. A jar con- 
structed of cast iron is recommended, die interior of which should be machined to 
the retjuired internal dimensions. For making it sufficiently light for lifting, the 
jar may have a wall thickness of not less than M »»., except at each end. It is 
recoinmemied that the lid, the rubber gasket, and tlie metal strip which passes 
fiom the bottom up die outside of the jar to serve in holding in place the cross- 
bar above the lid, he similar in design with Uiosc for the porcehnii jar. The 
w.ill of the iron j.ir for a distance of approximately 1 in. from the top sliould have 
a thickness of at least in. to correspond with tliat of the porcelain jar; and in 
order tliat the mcia! strip may fit evenly, the lower inch of the wall should also 
have a thickness of not less tliau % in. 

Sieves,— I'or sizing the sample for test, squarc-liolc sieves having 1.50- and l.Ofriu. 
actn.il openings between the wires should be used. These sieves may be fitted into 
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frames 12 by 30 in. or larger. For screening the coal after tumbling, square-hole 
sieves having 1.06, 0.750, 0.530, 0.375, 0.0469, and 0.0117- in. actual openings be- 
tween the wires shall be used. For this purpose, round, metal-framed screens 8 in. 
in diameter are suitable. The sieves should conform to the Specifications for 
Sieves for Testing Purposes (ASTM Designation: Ell, p. 1277). 

Balance.— The balance used for weighing the sample should be sensitive to 1 g. 

Collection of Gross Sample.— The gross sample of coal should be obtained in 
accordance with Sections 1 to 4, inclusive, and Section 6 of the Methods of Sampling 
Goals Classed According to Ash Content (ASTM Designation: D492, p. 1137). 

Preparation of Sample.— Make a preliminary sieving of a representative portion, 
approximately 100 lb., of the gross sample, using square-hole sieves with 1.06- and 
1.50-in. openings. If this preliminary sieving indicates that the pieces of coal are 
mostly smaller than 1.50 in., sieve successive representative portions of the gross 
sample until at least 25 lb. of tire 1.06- to 1.50-in. size are obtained. If most of 
the pieces obtained by the preliminary sieving are larger than 1.50 in., conduct 
sieving of representative portions of the gross sample until at least 50 lb. of the 
sieved material remaining on the 1.06-in. sieve are available. Then break the 
pieces so obtained that are larger than 1.50 in. with a hammer until they pass 
the 1.50-in. sieve, avoiding as much as possible the production of pieces smaller 
than 1.06 in. Should the combined weights of the 1.06- to 1. 50-in. size, obtained 
by sieving before and after hammer breakage of the larger pieces, be less than the 
required 25 lb., augment the amount by further sieving and breakage of additional 
representative portions, or the remainder of the gross sample, care being taken to 
discard all pieces in which noticeable cracks have developed by hammer breakage. 
Care should also be taken to provide pieces covering the whole range of the 1.06- 
to 1.50-in. size in both the 25-lb. composite sample, and in each 1000-g. sample taken 
for test as in the following section. This may be accomplished by the use of a 
1.25-in. sieve to see that approximately half of the weight of the pieces com- 
prising these samples will be between 1.06 and 1.25 in. and half between 1.25 
and 1.50 in. 

Mix thoroughly the total quantity of the 1.06- to 1.50-in. size and then resieve it 
to pass the 1.50-in. sieve and be retained on the 1.06-in. sieve. Place only a thin 
layer of coal on the sieve so as to allow the pieces to be in direct contact with the 
sieve openings. Upend by hand individual pieces of coal not passing readily 
through the sieve to determine whether in any position they pass the sieve. 

Procedtire.— Weigh approximately 1000 g. of the coal sample prepared in ac- 
cordance with the preceding section and place it in the jar. Rotate the jar for 1 
hr. in the tumbler test machine at 40 ± 1 r.p.m. In order to standardize the time 
of tumbling, a revolution counter should be used, either periodically or as perma- 
nent accessory equipment to the machine, to ensure that the total number of revo- 
lutions during a test is approximately 2400. After tumbling, thoroughly grade the 
coal as to size upon the sieves designated on p. 1228. Carry out the sieving in 
such small increments as to permit satisfactory contact between the individual 
pieces of coal and the sieve. On the two larger sieves, 1.06- and 0.750-in., upend 
by hand individual pieces of coal not readily passing through the sieves to deter- 
mine whether in any position they pass the sieve. 

Sieving may be carried out either by hand or mechanically, thou<^h the former 
method is preferable. lormer 

Make at least four single-jar tests, and, provided sufficient sample is available, it 
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Table 31-7. Sieve Analysis of Coal Using Square-Hole Sieves 


Retained on 

Passing 

Weight, 

% 

(1) 

Average of 
Sieve Openings 

Product 

of 

Cl) X (3) 

Inches 

(2) 

Factor 

(3) 

Sample 

1.06 in. 

1 

1.50 in 

i 

100.0 1 

! 

1.280 

1 

100.00 = s 

Tumbled Coal 

1.06 in. 

1.50 in 

46.2 

1.280 

I 

46.2 

0.750 in. 

1.06 in 

26.9 

0.905 

0.7 

18.83 

0.530 in. 

0.750 in 

1 4.0 

0.640 

0.5 

2.00 

0.375 in. 

0.530 in 

1.6 

0.452 

0.35 

0.56 

0.0469 in. 

0.375 in 

5.5 

0.211 

0.16 

0.880 

0.0117 in. 

0.0469 in. (No. 16) 

0.5 

0.029 

0.023 

0.012 


0.0117 in. (No. 50) <*.... 

15.3 6 

0.006 

0.005 

0.077 

Total (Sum of producls (1) X (3) for tumbled coal) 

68.56 = J 


Friability, % = = 100(100 - 68,56) _ 

5 100 “ 


To be reported as: Friability, 31.5 per cent 
j j^cluding loss, not to exceed 0.5 per cent. 

rhe percentage of “fines and dust” passing the 0.01 17-in. (No. 50) sieve represents the pro- 
proportion of the breakage due to attrition or abrasion rather than to shattering, and may be 
reported as dust index” to the nearest whole per cent to indicate the relative dust-producing 
j coals when subjected to severe handling. Hence both the friability in per cent 
^ oust mdex’ may be reported as follows: Friability, per cent = 31.5; with dust index 


IS recommended that two or more four-jar tests be made. When only four single- 
jar tests are made, sieve the contents of each jar separately in order to be sure 
mat there is satisfactory agreement between the results obtained. When two or 
more four-jar tests are made, the contents of the four jars from each set may be 
mixed and sieved together. Make the weighings to the nearest I g. 

eport.— The results should be reported to ^tlie nearest 0.5% as friability, per 
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cent, which is the percentage reduction in average size of the coal during the 
tumbler test. 


Note.-A numerical example of the method of plculating friability is given in Table 
31-7 where the average of the openings of the retaining and passing sieves is expressed in 
iiiches to the nearest 0.001 in. The data shown are for a typical coal of niedium friability. 
It is from the average of the sieve openings that the approximate relative size 
shown as column (3) are derived. In the column to the extreme right, S represents the 
avera-m size of the coal pieces before tumbling, and s the average size of the tumbled coal, 
the value for S being arbitrarilv chosen as 100 times its corresponding size factor. 


SCREEN ANALYSIS OF COAL^' 

This method of test for screen analysis is applicable to all coal except anthracite, 
powdered coal as used in boiler plants, and crushed coal as charged into coke ovens. 

A l)paratHs.— Screens of the following series should be used conforming to the 
Specifications for Sieves for Testing Purposes (ASTM Designation; Ell, p. 1277). 

Round-Hole Screens: 


8-in. 

3-in. 

1^-in. 

3 ■ 

■j-m. 

6-in. 

2j-in. 

l|--in. 

2 "in. 

5-in. 

2-in. 

1-in. 

3 tv, 
■5-in. 

4-in. 





Wire-Cloth Sieves with Square Openings: 

4760-micron (No. 4) 
2380-micron (No. 8) 
1190-micron (No. 16) 
590-micron (No. 30) 


297-micron (No. 50) 
149-micron (No. 100) 
74-micron (No. 200) 


Time oj Sampling.— The coal should be sampled when it is being loaded into 
or unloaded from railroad cars, ships, barges, or wagons, or when discharged from 
supply bins, or from industrial railway cars, or grab buckets, or from any coal- 
conveying equipment, as the case may be. It is not feasible to collect representa- 
tive samples for screen analysis from the surface of coal in piles or from loaded 
cars or bins. 

Collection of Gross Sample.— Increments should be regularly and systematically 
collected, so that the entire quantity of coal sampled will be represented propor- 
tionately in the gross sample, and with such frequency that a gross sample of the 
required amount should be collected. The number of increments collected should 
be not less dian 20. When the coal is passing over a conveyor or down a chute, 
increments the full width and thickness of the stream of coal should be taken either 
by stopping the conveyor and removing all coal from a transverse section of it, or by 
momentarily inserting a suitable container into the stream. If it is impracticable to 
collect increments the full width and thickness of the coal stream, increments should 
be systematically collected from all portions of the stream. 

Weight of Gross Sample.-The weight of the gross sample collected should con- 
form to the following: 


" Uiuler the standardization procedure of the Society, this meth' 
tion of the ASTM Committee D-5 on Coal and Coke. Standardize 


is under the jurisdic- 
as ASTM D4 10-38. 
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Run-of*mme coal not less than 4000 lb. 

Screened coal with upper limit larger than 
4-in. round not less than 4000 Ib. 

Coal smaller than 4-in. round not less than 2000 lb. 

Coal smaller than 2-in. round not less than 1000 lb. 

Coal smaller than 1-in. round not less than 500 lb. 

Coal smaller than ^-in. round not less than 100 lb. 

Reduction of Gross Sample,— Reduction of the quantity ol the gross sample 
should conform to the following: 

(а) Coal Larger than 1-in. Round.~Coa\ larger than I-in. round should be 
screened without mixing or reducing. 

(б) Coal Smaller than J-in. Round.— Coal smaller than I-in. round may be re- 
duced in amount to not less than 125 lb. by rifflittg or by arranging it in a long, 
fiat pile and successisely halving it or quartering it by the alternate-shot el method 
as follows: Take successive shovelfuls in passing around the pile (advancing a 
distance equal to the width of the shovel for each shovelful), and retain alternate 
shovelfuls or every fourth shovelful for the sample. 

(c) Coal Smaller than Round.— Coal smaller than V^-in. round may be re- 

duced to not less than 25 lb. by passing it through a rilTIe or equally accurate re- 
ducing device, or by hand-quartering as described in the Method of Sampling 
Coke lor Anal)sis (A^M Designation: D346, p. 1260). 

(d) Coal Smaller than No. -f Steue.— Coal smaller than the No. 4 sieve may be 
reduced to not less than 2 lb. by riOlIng or hand-quartering. 

(e) Coal Smaller than No. 8 Steve.— Coal smaller tlian the No. 8 sieve may be 
reduced to not less than I lb. by rlHIing or hand-quartering. 

Drying Sample.— In case the coal is wet, the sample may be tested on screens 
1-in. round and larger without drying, but the sample of coal smaller Uian 1-in. 
round (reduced in amount to 125 lb., as described in die preceding section, should 
be dried sufficiently to remove surface moisture which causes small particles to 
cling to the larger pieces. In cases of lignite, subbituminous, and high vok^tile C 
bituminous coals, care should be observed not to over-dry and cause weathering of 
(he coal. 

Screen Analysis.— The sample should be accurately weighed before screening. 
Starting with the largest screen, the sample sliouhl be screened in such increments 
as will allow the pieces to be in direct contact with the openings at the completion 
of the screening of each increment. The smallest screen through which all of die 
samjile passes should be determined by actual test, in accordance with the follow- 
ing paragraphs: 

Coal Larger than 2\^in. Rottnd.— Pieces of coal not passing readily through 
screens 2’/A-in. round and larger should be tried by hand to see if they will pavs 
tinough the openings in any position. Screens 2E'*in- round and larger should not 
be shaken except for whatever jiggling may be necessary to cle,ir the screens of 
fuie coal. 

Coal Smaller than RommJ.— C oal passing the 2^/^in. round screen should 

be tested with screens down to and including I-in. round as follows: Move die 
screen horizontally a distance of about 8 in. at just sufficient nite to cause the 
pieces of coal to tumble or roll on the screen. Stop the motion of the screen vvidi- 
out impact. After ten such shakes (five in eadi direction), screening of the incre- 
ment should be considered complete. 
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Coal Smaller than 1-in. Round.--M passing the 1-in. round and smaller screens 
^ . r/ihcd and then reduced in amount as provided in the section on Rc- 

of Gross Sample and then shall be dried as provided in the section on 
Dnh” Screens smaller 'than l-in. round should be shaken gently with a reupro- 
cadn>“liorizontal motion until practically no more coal will pass through die open- 
ings.° ^Vhen both No. 100 and No. 200 sieves are used, the latter should be used 

first in order to facilitate screening. f n to/ oc 

Report.-The screen analysis results should be reported to the nearest 0.1% as 

follows; 


Per Cent 


Retained on in. round 

Retained on in. round, passing 


in. round 


Retained on No passing in. 

round 

Retained on No , passing No 

Passing No 


Total 


If the sum of the weights shows a loss of over 2%, the analysis should be rejected 
and another test made. 


DESIGNATING THE SIZE OF COAL FROM ITS SCREEN 

ANALYSIS 


This method covers the designation of coal sizes from the results of screen anal- 
ysis tests of samples taken to represent the condition of die coal as sold. The 
method applies only to natural continuous ranges of sizes as produced by mining, 
handling, crushing, screening, etc. In the case of special mixtures, or where the 
scieen anabsis indicates a substantial deviation from a normal gradation of sizes, 
a sufficiently complete screen analysis to properly describe the size composition 
should be made and reported in accordance with the Method of Test for Screen 
.\nul\sis of Coal (ASTM Designation: D410, p. 1231). 

This method docs not cover the standardization of screens used in the commer- 
cial preparation of coal. 


SVmip/mg ami Screen Analysis.-The sampling and screen analysis should be per- 
formed in accordance with the Afethod of Test for Screen Analysis of Coal fASTM 
Designation: D-ilO; see preceding section). 

Screens.-Svie designations should be in terms of screens of the following series 

should conform to the Specifications for Sieves for Testing Purpose^ 
(.VS i M Designation: El I, p. 1277). ® ‘^‘puse. 


-s I, lulcr the staiulardi/atiou 
lion of the .\S r.\[ Qnmuiiiee 


procedure of ilie Society, this method 
D ;> on Coal and Coke. Stantlardized 


is under the jurisdic- 
as Dial -14. 
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Round-Hole Screens 
8-in. 

6-m. 

5-in. 

4-in. 

Wire-Cloth Steves with Square Openings 
No. 4 (4760-micron) 

No. 8 (2380-micron) 

No. 16 (1190-micron) 

No. 30 (590-micron) 

Size Designation.— The designation should indicate the range of tlte sice by giv- 
ing the upper and lower limiting screens between which more than 80 per cent of 
the sample is retained by actual test, the limiting screens being selected as follows: 

(a) The screen defining the upper limit should be the smallest screen of the 
series given in tlte preceding sectio»\ upon which is retained a total of less than 5% 
of the sample. The screen defining the lower limit shall be the largest saeen of 
the series gi\en in the preceding section Uirough whicli passes a total of less than 
15% of the sample. 

(h) The terras for defining sizes should be written with the upper limiting screen 
first, followed by an “x” and tlui followed by Uie lower limiting screen. The 
abbreviation “in.” should follow the lower limiting screen but may be omitted after 
die upper limiting screen. Fir screens of the U. S. standard sieve series (No. 4 
and smaller), the abbreviation “No.” should be used each time a screen is indicated. 
If the total retained on the 8-in. screen is 5% or greater, the size should be desig- 
nated by the lower limiting screen preceded by tlie tvord "plus” and followed by 
an expression in parentheses giving die percentage over 8 in. to the nearest 1%. 

(c) The following examples illustrate the system of size designation: 

Examples: 

plus ^ in. (10 per cent over 8 in.) 
plus 4 in. (24 per cent over 8 in.) 
plus No. 16 (6 per cent over 8 in.) 

4x2 in. 

3 X ^ in. 

2 in. X No. 4 
No. 4 X No. 30 
1 in. xNo. 50 

Notes.— On the basis of the relationship between square-mesh sieves and round-hole 
screens as determined by tests on coal. No. 4 sieve is roughly equivalent to 14-in. round 
screen. No. 8 to %-in. round, No. 16 to lovmd, and No. 30 to round. 

.\nthracite is commonly tested at the poiiit'of preparation or lepreparation to deieritiine 
vvheiher the sizing confoims to the specifications of the Anthracite Committee of the Pro- 
auction Control Plan for the Anthracite Industry by means of a series of special round- 
hole screens adopted by the Anthracite Committee, none of which screens have the same 
size openings as the screens specified in the preceding section above. The methods of 
sampling and testing are given in the Method of Test for Size of Anthiacite (ASTM Desig- 
nation: D310; see following method). 


No. 50 (297-micron) 
No. 100 (149-inicron) 
No. 200 (74-raicron) 


3-m. 

U-in- 

1-in 

25 -in, 

li-in. 

5 -in 

2-in. 

J-in. 

-ff-in 
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SIZE OF ANTHRACITE 

This method of screen test for antliracite is intended for determining the per- 
ceataoe of undersize or oversize in any given commercial size. 

Screejis.-The screens for testing the various sizes of anthracite should consist of 
No. 16 U. S. gauge metal plates with staggered round openings. The screens should 
conform to the requirements for round-hole perforated plate screens prescribed in 
the Specifications for Sieves for Testing Purposes (ASTM Designation: Ell, page 
1277). Screens mounted in hardwood box frames 16 to 20 in. square are satisfac- 
tory for testing nut, pea, buckwheat, and rice sizes of anthracite. For broken, egg, 
and stove sizes, it is more convenient to use screens square or rectangular in shape 
having an area of 4 to 6 sq. ft. The screens may conveniently be mounted in a 
rack, so as to slide like drawers, with a pan underneath to catch the undersize. 

Screen Openings— The screen openings specified in the Anthracite Standards 
Law of the Commonwealth of Pennsylvania, effective September 1, 1949, as standard 
anthracite sizing specifications, are as follows: 


Size of Round-Hole 
Openings in Testing 
Sci'eens, in. 


Size 

Passing 

Retained on 

Broken 

4-3- 

^8 

3j to 3 

Egg 

3| to 3 

23% 

Stove 

2 

^ lii 

-1 5 
ts 

Nut 

1 1 

^8 

13 

16 

Pea 

1.3 

10 

9 

16 

Buckwheat 

9 

10 

5 

16 

Rice 

To 

3 

16 


When testing coal to determine conformity with these specifications, these sizes 
of screen openings shall be used in the test. 

Unit for Sarnpling.— Each carload or its equivalent shall be considered as a unit 
for sampling. 

Collection of Gross Sample.— The gross sample should be not less than 200 lb. 
for broken and egg sizes, and not less titan 100 lb. for stove, nut, pea, buckwheat, 
and rice sizes. 

The gross sample should preferably be collected when the coal is being loaded or 
unloaded in accordance with the procedure described in the sections of the Methods 
of Sampling Coals Classed According to Ash Content (ASTM Designation: D492, 
P- 1137). The increments should be regularly and systematically collected, so that 
tite entire quantity of coal sampled will be represented proportionately in the gross 
sample, and with sucli frequency that a gross sample of the required amount is 
collected. In case it is necessary to collect the sample from the exposed surface of 
tte car, nine equal increments should be taken about one foot below the surface. 

te nine sampling points should be located as shown in Fig. 31-21. 

lion dm standardization procedure of the Society, this method is under the jurisdic- 
e ASTaI Committee D-5 on Coal and Coke. Standardized as D310-34. 



1236 


COAL AND COKE 


!!7: 



1 

“ length of car- — 



E 

— V 

lgl 




10 

m 


1 

1 

m 







IB 

■ 

^Ito ^ 

E 

■ 


■ 

■ 

■ 

■ 

■ 


E 



r 



Jr ^1 







Fig. 31-21. Location of Sampling Points from Exposed Surface of Car. 


Preparation of Laboratory Sample.—Por broken, egg, stove, and nut sizes the 
gross sample should be screened without being mixed or reduced. For the pea 
size, Uie gross sample should be thoroughly mixed and reduced by quartering, 
without crushing, in accordance with the section on mixing and reduction of the 
Method of Sampling Coke for Anal^-sis (ASTM Designation: D346, p. 1260). For 
the buckwheat and rice sizes, die gross sample should be thoroughly mixed and 
reduced by quartering, witliout crushing, in accordance with tlie same section of 
Method D346, or by passing through a riffle sampler in accordance with the rele- 
vant section of the Mctliods of Sampling Coals Classed According to Ash Content 
(ASTM Designation: D492, p, 1137). The laboratory samples should consist of 
the following approximate minimum amounts: 



Laboratory SampUy 


Approximate 

SiZf 

Mimmum Weightt ib. 

Pea 

50 

Buckwheat 

25 

Rice 

10 


Procedure.— In case die coal is wet, air-dry it before screening. Determine the 
undersize first. For broken, egg, and stove sizes, upend each piece by hand on the 
screen, to determine whether in any position it passes through the screen. For 
nut, pea, buckwheat, and rice sizes, shake the screens gently with a reciprocating 
horizontal motion, so as to a\oid breakage of the coal, until practically no more 
coal will pass dirough the openings. Screen the coal in such increments as will 
allow the pieces to be in direct contact with the screen openings after the com- 
pletion of the shaking of each increment. 

Report.— The undersize and oversize should be reported to the nearest 1%. 

SIEVE ANALYSIS OF CRUSHED BITUMINOUS COAL «« 

This metliod of test covers a procedure for die sieve analysis of rather coarsely 
crushed bituminous coal, less than 1.5 in. in size, such as is charged into coke ovens. 
It is not applicable to the testing of powdered coal as used in boiler plants. 

so Under the standardization piocedurc of the Society, this method is under the jurisdic- 
tion of the ASTM Committee D-5 on Coal and Coke. Standardized as D311-30. 
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100.0. However, if die sum of die weights retained on eacli sieve and that whidi 
passes die smallest sieve shows a loss of over 0.5%, the analysis should be rejected 
.ind another test made. 


CUBIC FOOT WEIGHT OF CRUSHED BITUMINOUS COAL«> 

This mediod of test covers two procedures for determining the cubic foot weight 
of crushed coal Jess dian in. in size, such as is diarged into coke ovens, as follows: 

Procedure i-f.— The cone procedure for determining an uncompacted weight per 
cubic foot. 

Procedure Zl.— Tlie dropped-coal procedure for determining a compacted weight 
per cubic foot, comparable to actual bulk densities attained in coke ovens. 

This method is not applicable to the testing of powdered coal as used in boiler 
plants, nor to the determination of weights per cubic foot of coal in storage piles. 

PROCEDURE A.-CONE PROCEDURE FOR UNCOMPAGTED 
CUBIC FOOT WEIGHT 

Ap[}aratiis. Measuring Box.— A box of rigid construction should be provided, 
having inside dimensions of 12.0 by 12.0 by 12.0 in., and a volume of 1728 ± 5 
cu. in. The exact volume of die box should be determined by water calibrations. 

Cone.— A cone, confonuing to Fig. 31-22, should be provided for filling die box. 
This cone should be 2 ft. 0 in. high and 1 ft. 8 in. in inside diameter at the top, 
with a circular opening 4^^ in. in diameter at the bottom. A slide valve consisting 
of a sliding-plate shutter and its supports should be welded to the bottom of the 
cone in sucli a manner that the valve may be opened and closed with ease by re- 
moving or inserting the shutter in its supporting slides. The cone should be sup- 
ported in a tripod frame iiaving a circular opening at die top of about 1 ft. G in. 
in diameter. This frame should support the cone so tliat the top-side of the shutter 
should be 1 ft. 10 in. from the inside bottom surface of the box. 

Leveling Bar.— A leveling bar of steel strip 2 ft. 6 in. Jong by 1.5 in. wide and 
approximately ^io in. thick should be provided. 

Scales.— A platfonn scale, capable of weighing up to 200 Ib. and sensitive to 0.1 
lb., should be provided. 

Sampling. Gross Sample.— For collecting gross samples of crushed bituminous 
coal, the procedure described in the relevant sections of die Methods of Sampling 
Coals Classed According to Ash Content (ASTM Designation: DI92, p. 1137) 
should apply. During the period of collecting the gross sample, the increments of 
the sample should be stoicd in a waterproof container with a tightly fitting cover 
in order to prevent die loss of moisture. The minimum number and weights of 
increments collected shall be in accordance with Table Sl-2 of Mediod Di‘J2, page 
1 139. The minimum gross weight of die sample should be 300 lb. 

Laboratory Sample.— The gross sample of coal should be thoroughly mixed and 
subdivided, widiout crushing, into four 75-lb. portions. This operation should be 
done as quickly as possible to avoid loss of moisture, and the cubic foot weight 
should be determined immediately. If Uiis determination cannot be made im- 
mediately, the samples should be kept in waterproof containers with tightly fitting 
covers until die time for making the determination. 

»i Under the scaiidardhation procedure of ihc Society, this method is under die juris- 
diction of the ASTM Coiuuiittcc D-5 on Coal and Coke. Standardized as ASTM D291-C0. 
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r,.<,..u«._Beto.-e m.in, 9,e cone 

Pour *e prepared sample into a f “ back of the shovel. Take 

^ in the pile, and allow 

successive sho^elfl Is f J per at different peripheral points. 

?h” “ifprXt 'JeX”«i°n -d packing «hile'’L hopper is being filled. Place 
about 75 lb. of coal in tlie hopper. 




Fig. 31-22. Apparatus for Cone Procedure. 


Center the previously weighed cubic foot box under the valve of the cone. Then 
remove the valve shutter completely, allowing all of the coal to flow into the box 
and overflow the edges. Loosen wet coal, not flowing freely from the hopper, by 
gently dnusting doivnward through the coal to the valve witlr the leveling bar. 

After filling the box, carefully level off the excess coal above the box edge by 
means of the leveling bar, and place the box on the platform scale and weigh it 
to the nearest 0.1 lb. Avoid jarring or shifting of the filled box until all excess 
coal is leveled off. Record the difference in weight between the filled and empty 
box to tire nearest 0.1 lb. as the uncompacted cubic foot weight. 

Note.— Aside from the character of the coal itself, moisture content and size distribution 
of the coal are the trvo main factors rvhich affect the cubic foot weight. A moisture deter- 
mination and sieve analysis of the coal should be reported along with the cubic foot rveio^ht 
for proper interpretation of the cubic foot weight. For directions for making these derer- 
minations, see the following methods of the American Society for Testing and Materials: 

Afo/sfare.— Methods of Laboratory Sampling and Analysis of Coal and Coke fASTM 
Designation; D271, p. 1150). ' ^ 
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Sieve Analysis.— Method of Test for Sie\'e Analysis of Crushed Bituminous Coal (ASTM 
Designation; D311, p. 1236). 

Precision. Repeatability.— Duplicate results by tlie same operator in a given 
laboratory on consecutive tests determined within a minimum interval of time 
shall be considered suspect if they differ by nmre than 0.6 lb. per cu. ft. 

When two results are obtained that differ by more than this value, two addi- 
tional tests shall be made. If the second pair of results differs by less than the 
repeatability, tlie first pair shall be discarded and the mean of the second pair 
shall be reported as the result of the test. 

■When both pairs of results exceed the repeatability, the mean of the four re- 
sults shall be reported, provided that the two most divergent results differ by less 
than 1.32 times tlie repeatability of the procedure. Otherwise, all results shall be 
discarded and the apparatus, procedure, and sample shall be examined for non- 
compliance causes, which should be corrected before redetermining new pairs of 
values. 

PROCEDURE B.-DROPPED-COAL PROCEDURE FOR COMPACTED 
CUBIC FOOT WEIGHT 

Apparatus, Measuring Box.— A specially-constructed box, externally braced to 
ensure rigidity, should be provided, having inside dimensions of 18.0 by 24.0 by 
8.0 in. high, and a volume of 3456 ± 10 cu. in. The exact volume of the box 
should be detetmined. by water calibration. 

Dropping Apparatus.— A dropping apparatus, consisting of the shatter test ma- 
chine described and illustrated in the Method of Drop Shatter Test for Coke 
(ASTM Designation; D141, p. 1268), should be provided. It should consist of a 
box 18 in. in width, 28 in. in length, and approximately 15 in. in depth, sup- 
ported above a rigidly mounted cast-iron or steel plate, not less tlian 0.5 in. in 
tliickness, 38 in. in width, and 48 in. in length. The inside of the bottom of the 
box should be 6 ft. above the plate. The bottom of the box should consist of 
two doors hinged lengdiwise and latched so that they will swing open freely and 
not impede the fall of die coal. In order to facilitate filling the box with coal, 
the box should be constructed so dial it can be lowered to a convenient level. 
This is best done by means of the arrangement shown in Fig. 31-23. 

Leveling Bar.— A leveling bar of steel strip 2 ft. 6 in. long by 1.5 in. wide and 
approximately in. diick should be provided. 

Scales.— A platform scale capable of weighing up to 200 lb. and sensitive to 0.1 
Ib. should be provided. 

Sampling. Gross Sample.— For collecting gross samples of crushed bituminous 
coal, the procedure described in the relevant sections of the Methods of Sampling 
Coals Classed According to Ash Content (ASTM Designation: D492, p. 1137). 
should apply. During the period of collecting the gross sample, the increments 
of the sample should be stored in a waterproof container widi a tightly fitting 
cover in order to prevent the loss of moisture. The minimum number and weights 
of increments collected shall be in accordance with Table 31-2 of Method D492, 
p. 1139. The minimum gross weight of sample should be 800 lb. 

Laboratory Sample.— The gross sample of coal should be thoroughly mixed and 

88 H. S. Auvil, L. S. Schmidt, and H. C. Graham. Control of Bulk Densities in Coke 
0\cns: Studies o«\ Precisioiv and Application o£ Various Testing Methods, U. S. Bureau 
of Mines R. I. 3935, 19-16. 
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Front Elevation Elevation 

Fig. 31-23. Apparatus for Dropped Coal Procedure. 
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subdivided, without crushing, into four 200-lb. portions. This operation should 
be done as quickly as possible to avoid loss of moisture, and the cubic foot weight 
should be determined immediately. If this determination cannot be made im- 
mediately, the samples should be kept in waterproof containers with tightly fitting 
covers until the time for making the determination. 

Procedure.— IHace the previously-weighed measuring box on the floor of the 
dropping apparatus and center it directly under the hopper with the long axis of 
the box parallel to die long axis of die hopper. Mark the floor of the dropping 
apparatus so that the measuring box will always be positioned exactly the same 
each time. 

Pour the prepared coal sample into a pile on the floor and carefully flatten it 
to about 4 in. in thickness. Avoid pounding of the pile with the back of die 
shoiel. Take successive shovelfuls from uniformly distributed points in the pile, 
and carefully place them in the hopper to a\oid segregation. Place each shovelful 
to one side of die preceding one until 180 to 200 lb, are contained in die hopper, 
avoiding any heaping up of the coal at any one point as well as any compacting 
of the coal with the shovel. 

Raise die hopper coniaining the coal and allow the coal to drop into the meas- 
uring box from the 6-ft. height. Carefully level the excess coal even with the top 
edge of the box by means of the leveling bar. Avoid jarring or shifting of the 
filled box until all excess coal is leveled. Fill any voids left in die corners of die 
box below the top edge by gently raking tlie excess coal across the corner. Place 
die box, or its contents, on the platform scale and weigh it to the nearest 0.1 Ib. 
Record the difference in weight between the filled and empty box to the nearest 
O.I lb. as the compacted cubic foot weight (see Note, p. 1239). 

Precision. Hcpeatabihty.— Duplicate results by the same operator in a given 
laboratory on consecutive tests determined widiin a minimum interval of time 
shall be considered suspect if they differ by more Uian 1.0 Ib. per cu. ft. 

"When two results are obtained that differ by more than this value, two addi- 
tional tests shall be made. It the second pair of results differs by less than the 
repeatability, the first pair shall be discarded and die mean of the second pair 
shall be reported as the result of the test. 

When both pairs of results exceed the repeatability, the mean of the four re- 
sults shall be reported, provided that the two most divergent results differ by less 
dian 1.32 times the repeatability of the procedure. Otherwise, all results shall be 
discarded and the apparatus, procedure, and sample shall be examined for non- 
compliance causes, which should be corrected before redetermining new pairs of 
values. 


INDEX OF DUSTINESS OF COAL AND COKE 

This mediod of test is intended for the determination of a relative index of 
the dust produced when handling coal or coke.®* 

S3 Under the standardization procedure of the Society, this method is under the juris- 
diction of the ASTM Committee D-5 on Coal and Coke. Standardized as D547-41. 

Si Tor inCoruialion concerning the development of this method of test for index of dusti- 
ness of coal and coke, the following references may be consulted: 

A. R. Ponell and C. C. Russell, Method for Determining the Dustiness of Coal and 
Coke, Industrial and Engineering Chemistry, Analvtical Edition, 5, September 15, p. 

1933; J. M. Pilcher and R. A. Sherman, The Treaunent of Coal with Oil and Other 
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1 / is nlacecl The other two slides should be inseited togethei _4 in. 

rbo.:ofandshIdd sen. to coueet the settled dust after 2- and 10-min. 
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Fig. 31-24. Dustiness Test Cabinet. 
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Fig. 31-25. Diagram of Equipment for Au- 
tomatic Insertion of Slides. 


intervals. Guides should be so constructed that the slides move easily, and tlie 
guides for the lower slides should extend 18 in. beyond one side of the cabinet. 
The lower .slides should be inserted into the side opposite the side into which 
the top slide is inserted. A drawer 14 in. in deptli should be located at the bot- 
tom for the removal of the sample. The entire apparatus should be dust-tight 
and constructed of nonrusting sheet metal such as galvanized iron. The cabinet 
may be made of No. 10 gauge sheet metal with edges bent over and welded. How- 
ever, the bottom drawer may be made of No. 14 gauge metal to decrease the weight. 
All slides may be made of No. 8 gauge sheet metal. Each of the two lower slides 
sliould have a polished upper surface (for example, stainless steel, cliromium plated 
brass, or plain polished steel). All slides should preferably be of the thickness 
sjiccified but should be not less than No. 10 gauge to prevent bending and later 
binding in the guides. The inside surface of the cabinet should be smooth from 
the top to the lower slides. 

Optional Automatic Attachments.— In order to increase the accuracy in timing 
of the insertion of the two lower slides, and to obviate the necessity for two per- 
sons being present at each test, an automatic means for the insertion of the slides 
may lie added. 

Iuiw'pjIq Technical Paper 113. .Am. Inst. Mining and Metallurgical Engrs., 
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Figure 31-25 shows schematically lire operation of the timing equipment. The 
spring-actuated switch closes when tlie top slide is halfway out. This starts the 
electrical timing device which doses a drcuil at tire end of a definite time interval 
and energizes a solenoid. The solenoid releases a weight ss attached to die slides 
by a cord running over a ball-bearing pulley, which pulls the slides into the cab- 
inet. The timing device shall be set so tliat 5 seconds elapse between the time 
that the upper slide is halfway out and tliat when the dust slides are halfway in. 
The time consumed in dosing shall not exceed 0.5 second. 

The solenoid also releases a vertical cover held over the slot in the cabinet for 
the insertion of the slides; this cover is required to prevent the loss of dust from 
the opening when the coal is dropped. 

The connection between the slides and the cord attached to the weight and 
tlie pins that hold the slides together are readily removable so that the upper and 
lower slides may be removed independently after 2- and 10-min. intervals. 

To reduce the friction of the slides on the guides, five double-sealed ball bear- 
ings are mounted on each guide to support the slides. The slides move in freely 
at an accelerated rate. To avoid the jar and rebound that would result if the 
slides were stopped on the back of the cabinet, a braking force is applied just 
before die slides rcacli the limit of tlieir travel. Eidier of two schemes may be 
used for retarding die slides. In one method the braking force is applied dirough 
two leather-faced steel bars whidi bear on die pins that hold the slides together 
(Fig. 31-25). The contact of the brakes on tlie pins is so adjusted as to stop the 
slides ^ in. short of full travel. The operator gently pushes the slides in the re- 
mainder of the distance. Anodier mcUiod consists of retarding the slides by pneu- 
matic compression cylinders having two adjustable vents, one for the initial re- 
tardment and the other to control the speed at whicli the slides seat themselves 
against the box. 

SoMip/wig.—Tiie gross sample for die dustiness test shall be not less dian 110 lb. 
of coal or coke. This is sufficient for duplicate tests. 

Method of Sampling.— The gross sample should be collected in accordance with 
the procedures described in the iMediods of Sampling Coals Classed According to 
Ash Content (ASTW Designation: D492. p. 1137) or the Method of Sampling Coke 
for Analysis (ASTM Designation: D346, p. 1260). The gross sample should 
be carefully collected so as to be representative with regard to size distribution; 
also, handling during collection should be sucli as to minimize breakage of pieces. 
If an index of dustiness at time of sampling is desired, the sample should be ac- 
cumulated in a waterproof container with a tight-fitting cover. 

Sample Preparation.— As soon as possible after collection, the gross sample should 
be reduced to two samples of approximately 50 ± 2.5 lb. each, by the alternate 
sliovel procedure as described in the Method of Sampling Coke for Analysis (ASTM 
Designation: D346, p. 1260). By reducing the gross sample in this manner, prior 
to air-drying, the loss of float-dust is minimized, especially in cases where die sam- 
ples may be damp. Segregation is also less when reducing a damp sample. 

Drying Procedure.— If it is desired to determine the index of dustiness of the 
coal or coke at the time of sampling, no drying is required and the material, as 
sampled, is ready for test which should be made as soon as practicable after col- 
lection of the sample. 

85 The size of the weight is dependent upon weight of dust slides and amount of friction 
In pulling slides into cabinet. 
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If it is desired to determine the index of dustiness which may develop when 
the coal or coke is stored under dry conditions, such as in the basement of a pur- 
chaser, air-dry the sample so as to approximate the air conditions of the stored 
fuel. Either of the following two drying procedures may be used: 

(1) Spread the 50-lb. samples out in flat-bottomed tared pans, weigh, and then 
allow to stand in a wann dry room whose atmosphere is free of eii trained dust 
and where there are no appreciable air currents. Continue the drying until the 

rate of loss is less than 0.1% per hour. . r 

(2) Place the samples in a large air-drying oven similar to that used for air- 
dryhig samples for chemical analysis.®® Spread the 50-lb. samples out in a thin 
layer In flat-bottomed tared pans, weigh, and then dry in the air-drying oven at not 
more than 15°C. above room temperature. Stir and weigh the samples at inter- 
vals. Continue drying until the rate of loss is less tlian 0.1% per hour. One to 
three days will be required, depending upon the moisture content of the sample 
at the time that it is placed in the drier. 

Proceduie.— Before each test, brush the inside surfaces, all slides, bottom drawer, 
and top cover of die apparatus free of dust. Then insert the top slide to form the 
upper compartment. Place the 50-lb. sample, prepared in accordance with the 
two preceding sections, in the upper compartment, level off the top of the sample, 
and close the top cover tightly. In placing the sample in die top of the cabinet, 
care should be taken to avoid excessive segregation. Then place the two polished 
slides, whicli have been brushed free of dust, on the guide extension, ready for in- 
sertion. The bottom drawer should be tightly in place. When all is in readiness, 
wididraw the upper slide with a quick motion, thus allowing the sample to drop 
into the drawer. Exactly 5 seconds later, as indicated by a stop watcli, quickly insert 
both lower slides. It is of particular importance that the slides be pushed in at 
exacdy 5 seconds after die sample is dropped, because the larger pieces of dust are 
dropping rapidly at the time, and a slight difference in the time of insertion of 
the slides will make a considerable difference in the amount of dust collected. 
After the slides have stood undisturbed for 2 min. from the time of insertion, 
wididraw the top of the two lower slides, and then, after the other slide has stood 
undisturbed for an additional 8 min. withdraw it. Keep the dust on each slide 
separate and, in order to remove the dust, place each slide on a stand so that one 
side extends over a glass funnel about 5 in. in diameter, supported in a ring stand 
ividi a weighing bottle below the funnel outlet. Carefully brush the dust into the 
funnel so that it falls directly into the weighing bottle. Then determine the 
weight to the nearest 0.001 g. The dust for the first period is designated “coarse 
dust,” and that for die second period is called “float dust.” 

Number of Tests.-All tests shall be made in duplicate and the average value 
reported as the dustiness index. 

Calculation.— The index of dustiness shall be calculated as follows: 


Dustiness index, coarse dust — 40 X weight of dust in grams settled after 2 min. 


Dustiness index, float dust — 40 X weight of dust in grams settled next 8 min 


Note.— The dust from the slides must not be assumed 
in the sample. The method is entirely empirical but it 
duced when handling coal or coke. 


to be the total amount of dust 
gives a measure of the dust pro- 


(Amf “d Analysis o£ Coal and Coke 
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Expression of Index Values.— Tlie following general rules sliall govern the use 
of significant figures in die expression of results: 

(a) If the index values are less titan 10, only ojie decimal place shall be re- 
corded. 

(b) If the index values are 10 or greater, only whole numbers shall be recorded. 

Ueproducibility of Results.— With proper care and strict attention to details, 

die difference between duplicate tests shall not exceed 20% of the average index 
value. If the difference is larger il\an 20%, additional samples shall be obtained 
and tested. 

PLASTIC PROPERTIES OF COAL BY THE GIESELER 
PLASTOMETER sr 

This method of test covers a semi-quanlilativc procedure for determining the 
relative plastic behavior of coal when heated under prescribed conditions in the 
absence of air.®8 The test may be used when studying coals and blends used in 
carbonization and in odrer situations where plastic properties are of practical 
importance. 

Apparalus.^A convenient form of the Giescler plasiometer is shown schematically 
in Fig. Sl-26. The apparatus consists of the following: 

Retort.— A steel retort consisting of fi\c pans as shown in Fig. 31-27 should be 
provided: 

{/) Retort Ciucible, cylindrical, 0.844 sfc 0.003 in. in inside diameter and 0.625 in. 
in depth, widt extenor threads for joining the crucible to the barrel. 

(2) Baiielj at least 6 in. long and having an inside diameter of 0.375 ± 0.003 in. 
except at the crucible end where It should have an inside diameter of 0.844 ± 0.003 
in. to a height of 0.500 in, above the threads as shown. The total depth of retort 
chamber should be not greater Utan 1.25 in. The top end of the barrel should be 
0.625 in, in inside diamctei to a deptli sufficient to allow clearance for the axle of 
the plastometer head when die apparatus is assembled, A hole, fitted widi a tube, 
should be provided at a point at least two tliirds the length of the barrel aboic 
the crucible so as to afford exit for the volatile products during a test, 

(i) Steel Washer, 0.0625 ± 0.001 in. in thickness and containing a central opening 
0.375 ± 0.002 in. in diameter as shown in Fig. 31-27. 

{4) Steel Stirrer, as shoun in Fig. 31-27, provided with a straight shaft of 0.156 ± 
0.001 in. in diameter and equipped with lour rabble arms. The lower end of the 
stirrer should be tapered to a point having an included angle at least 10® greater 
than that of the notch in the bottom of the crucible. The rabble arms on the 
stirrer should be 0.0625 =t 0.001 in. in diameter, 0.250 ± 0.002 in. in length, and 
should be placed perpendicular to the shaft at 90® intervals around the shaft and 
0.125 ± 0.001 in. apart center to center along the shaft. The middle two rabble 
arms should be set at 180® to each other, and likewise the remaining two arms 

Under the standardization procedure of the Socief), this method is under the jaib* 
diction of the ASTM Committee D-5 on Coal and Coke. Standardized as ASTM D1812- 
COT. 

s® For information concerning the experimental work on which this method is based, 
the following references may be consulted: R. £. Brewer and J. E. Triff, Measurement o 
i’laslic Froperties of Bituminous Coals, Industrial and Engineering Chemistry, Analytical 
Edition. 11, p. 242. 1939; G. C. Soth and C. C. Russell, The Gieseler Method for Meastire- 
ment of the Plastic Chatactetislics of Coal, Proceedings, Am. Soc. Testing Mats.. 43, p. 11^' 
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... pnf nn a concentrically mounted round dial divided into 100 diyi- 

“t CorreTo d:;L oeL cord should be loaded with a to.al we.ghs 

°‘ZSace.-A„ elecmcally-heased furnace »uh suhab.e manual oc — ic com 
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basis xvith not more than b.O ± t-ti pci «ii) i i _ 
over' the range of 300" to 560"C. The furnace should contain a molten solder 


(S) 

/ 10 kg 



Fig. 31-28. Loading Device, 



bath of approximately 50% lead and 50% tin composition or equivalent. Temper- 
atures in the bath should be measured with a suitable thermocouple in a 14-in. 
outside diameter protection tube immersed in the batli so tliat the tube touches 
the outside wall of the crucible and the hot junction of the couple is at the same 
height as the center of the coal charge. A stirrer may be used to agitate tire solder. 
A suitable furnace is illustrated in Fig. 31-26. 

Loading Device.— The loading device should be provided so that the coal may 
be packed uniformly in the crucible under a total packing load of 10 kg. and 
designed in such a manner that after compression the crucible and its contents can 
easily be removed from the device without disturbing the contents. A suitable 
device is shown in Fig. 31-28. 

Sample.-A representative gross sample of coal should be collected and prepared 
in accordance with the Methods of Sampling Coals Classed Accordino- to Ash 
Content (ASTM Designation: D492, p. 1137). Approximately 15 lb. of coal 
crushed to pass a No. 4 (4760 n) sieve should constitute the laboratory sample. 

Preparation of Sample. -Air-dxy the sample prior to preparation. Spread the 
sample on tared pans, weigh and air-dry it at room temperature or at slightly 
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Place the thermocouple in the bath as directed under Furnace (p. 1249), and 
cover the bath with a piece of transite. The heating control shall be such that 
the badi will reattain the initial temperature in 10 ± 2 min. after immersion of 
the retort. Thereafter, heat the retort at a rate of 3.0° ± 0.1 °C. per mm. on the 

overall basis, , , i u 

When the retort has attained the initial bath temperature, set the brake on the 

drum pulley in a released position and set the dial pointer at zero. At the first 
detectable continuous movement of the pointer as defined below under Report,^ 
record the corresponding temperature as the “initial softening temperature.” 
Thereafter, take the reading of time, temperature, and pointer movement at 1-min. 
intervals. If tire rate of turning of the pointer becomes such that the length of 
cord on the drum pulley will not permit completion of the determination, apply 
the brake and rewind the cord on the pulley. Periodically, at 1-min. intervals, 
release the brake and determine the rate of pointer movement by means of a 
stopwatch. Take care to allow the pointer to reach a uniform movement before 
timing and to obtain a time interval as long as is conveniently possible in order 
to increase the accuracy. Make these periodic readings until the pointer move- 
ment becomes such that after releasing the brake the length of cord remaining 
on the drum pulley will permit the completion of the determination. Continue 
readings until the pointer shows no further movement. When it is necessary dur- 
ing the test to rewind the cord on the drum pulley, take care not to disturb the 
stirrer in the coal sample. 

Number of Tests.— All tests shall be made in duplicate and the average values 
reported. 

Care of Plastometer.— It is most important that the dimensions of the rabble 
arms on the stirrer meet the specifications under Steel Stirrer (p. 1246), and Fig. 
31-27. In addition to thorough cleaning of the stirrer and crucible between tests, 
it is important that the dimensions of the rabble arms be checked at frequent 
intervals. The total surface area of the four rabble arms, when new, should be 
appro.ximately 0.21 sq. in. When, after use, it is found by accurate measurement 
that the area is 0.18 sq. in. or less, the rabble arms shall be replaced or the entire 
stiner discarded. 

The ball bearings shall be thoroughly cleaned in a light solvent at frequent inter- 
vals. Before reassembly they should be lubricated with a high-temperature, low- 
viscosity, silicone oil. Three drops of oil should be used per bearing and the oil 
distributed uniformly over the balls. 

Report.— From the observed times and dial readings the corresponding move- 
ment of the pointer shall be calculated in dial divisions per minute. All values 
over 15,000 shall be reported as “greater than 15,000 divisions per minute.” Bitumi- 
nous coals show a wide range of fluidities. For this reason it is convenient to plot 
dial divisions per minute as ordinates on a logarithmic scale against temperatures 
as abscissas on an arithmetic scale. 

The report shall also include the following: 

(1) Initial Softening T em per atitre. -The temperature at which the dial pointer 
movement readies 0.5 dial divisions per min. It is permissible to characterize this 
temperature by other dial divisions per minute, but in these cases it shall be re- 
ported as such. 

(2) Maximum Fluid Temperature.-The temperature at which the dial pointer 
movement reaches die maximum rate. 
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(i) SoUdificalion Temperaiure.—Thc temperature at whicli the dial pointer move- 
ment stops. 

(■/) Maximum F/w/dhy.— The maximum rate of dial pointer movement in dial 
divisions per minute. 

Certain coals have the tendency to swell up into the barrel during the determina- 
tion, Upon completion of the test and after cooling, tlie retort shall be carefully 
disassembled and the amount of material remaining in tlic crucible and attached 
to the rabble arms shall be recorded. 

Reproducibility.— All clmracterisiic temperature points for duplicate tests should 
agree within S^C. Maximum rate of pointer movement should agree within 20%. 


FREE SWELLING INDEX OF COAL 

This method is a small-scale laboratory test for obtaining information regard- 
ing die free-swelling properties of a coal; the results may be used as an indication 
of the coking characteristic of the coal when burned as a fuel. This test is not 
recommended as a method for the determination of expansion of coals in coke 
ovens. 

Apparatus. Rurncr Assembly.— A gas burner with a l.irge grid (external diameter 
iMo in.), a draft shield, and a triangular crucible support as shown in Figs. 31-29 
and 31*30. The draft shield, conforming to the dimensions shown in Fig. 31-29, 
should be made from asbestos cement pipe, and at the top It should have three 
slots, 1 in. in depth, in which the wires of tlic crucible support rest. The draft 
shield should be supported on a ring stand, so that the distance between the base 
of the crucible and the top of the burner grid may be adjusted by raising or lower- 
ing the draft shield. The triangular crucible support should be made of three 
pieces of translucent silica tubing each 63 to 64 mm. in length and 6 to 6.5 mm. 
in external diameter and mounted on chromium-nickel wire so that tlie diameter 
of the inscribed circle is approximately 32 mm. The twisted ends of the triangle 
may be joined together by a loop ol wire in order to facilitate removal of the hot 
crucible. 

Crucibles,— At least four translucent silica, low-form crucibles, with silica, ring- 
handle lids, conforming to the following requirements; also an extra pierced lid 
for determining the crucible temperature: 


Weight, g 11.0 to 12.75 

External height, ram 26 ± 0.5 

External diameter at top, inm 41 ± 0.75 

Internal diameter at base, min., mm II 

Capacity (approximate) cu. cm 17 


Flow Meter.— A capillary how meter with w'ater manometer placed in the gas 
line before the burner as a guide to the control of the rate of gas flow (Fig. 31-29). 

00 Under the staiidaiduatiun piocedure ot the Society, this method is under the juris- 
diction of the ASTM Committee D-5 on Coal and Coke. Standardized as ASTM D720-57. 

or This method is an adaptation of the Crucible Swelling Test for Coal, of the Biitish 
Standards Institution. For information concerning the experimental work on which this 
adaptation is based, see paper by H. N. Ostborg, H. K. Limbacher, and Ralph A. Sherman, 
An Experimental Investigation of (he British Stamlard Method for the Crucible Swelling 
Test for Coal, Proceedings, Am. Soc. Testing Mats., 42, p. 851, 1942. See also a paper by 
\V. A. Selvig and \V’. H. Ode, An Imestigatioii ot a Laboraloiy 'I’est for Determination of 
the Fiee-.Swelling Index of Co.d, Revision of R. 1. 3989, U. S. JUueau of Mines Report of 
Investigation 4238, 1918. 
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«:-ahf Tube -A sight tube, as shown in Fig. 31-30, for viewing the coke buttons 
so *at thf effect of parallax will be eliminated. The tube should be made of 
either glass or metal tubing, and supported vertically on a ring stand. 


FLOW METER - 
I mm. capillary, 
25 mm. LONG 


CONSTANT 

FLOW 

MANOMETER 


3/16" SILICA TRIANGLE 

4 "— 

.y )'■ 

CRUCIBLE 

burner 

DRAFT SHIELD 


Fig. 31-29. Details of Burner Assembly. 


Preparation of Sample.-ThQ sample of coal should be freshly ground to pass a 
250-micron (No. 60) sieve, and it should be prepared in accordance with the require- 
ments of the Standard Methods of Lab- 
oratory Sampling and ^Analysis of Coal 
and Coke (ASTM Designation: D271, see 
p. 1145). 

Calibration of Burner,— With the 
burner assembly arranged as shown in 
Fig. 31-29, and with a blank crucible in 
position, the burner should be lighted 
about 15 min. before making a determi- 
nation to allow the draft shield to rise to 
an equilibrium temperature. The flow of 
gas and the relative positions of the 
burner and tlie draft shield should then 
be so adjusted that the temperature of 
the inner surface of the bottom of the 
crucible reaches 800° ± 10°C. in 1.5 min. 
and 820° ± 5°C. in 2.5 min., after placing 
a crucible in position. These desired 
temperatures may usually be obtained by Fig. 31-30. Sight Tube, 

setting the draft shield so that the bottom 

of the crucible is approximately % in. above the burner grid, and then adjusting the 
gas flame. The crucible temperature should be determined by means of a thermo- 
couple of No. 28 gauge chromel-alumel wire and a potentiometer. The thermo- 
couple should be inserted through the pierced crucible lid so that the unprotected 
junction of tire thermocouple and a portion of each wire are in contact with the 
base of the crucible. 
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Procedure.— One gram of the prepared sample should be weighed in a cold 
crucible, and tl\e coal leveled by lightly upping the crucible 12 times on a solid 
surface, lotatiiig it between taps. The crucible should then be covered with a 
lid and placed upright in the silica triangle supported in the draft shield, directly 
over the gas flame. The covered crucible should be heated in tlie gas flame for the 
time required for the flame of tlie burning volatile matter to die out, but in any 
case for not less than 2.5 min. The coke button should then be carefully removed, 
and tlie carbon residue remaining in the crucible removed by ignition. Four but- 
tons sliould be made in this manner for each sample of coal tested. 

Each coke button should be viewed through the sight tube and compared with 
the series of standard profiles shown in Fig. 31-31. The standard profile with 
which a button is to be compared should be placed exactly in the center of the 
field of vision as viewed from tlie top of the tube. The button should then be 
placed on the profile and rotated on its axis until, as viewed with the eye placed 
immediately over the top of the tube, the maximum cross-sectional area is obtained. 
The number of die standard profile most nearly matched by the maximum cross- 
sectional area of die button should be recorded as the swelling index. If any button 
deviates by more than 1 unit from the other three buttons, a new determination 
should be made. 

Some coals give buttons that do not conform in shape to the standard profiles. 
For such coals, the maximum cross-sectional areas of the buttons may be measured, 
and the index determined from the relationship of the areas of the standard pro- 
files to swelling indexes as shown in Fig. 31-32.^^ For measuring the cross-sectional 
areas, the buttons may be mounted on graph paper ruled into square centimeters 
and square millimeters, and the outlines of the buttons traced on the paper while 
viewing through the sight tube shown in Fig. 31-30. The mounting of the buttons 
may be done conveniently by means of modeling clay. The squares inside the 
outline may be counted, and fractions of squares along die boundary line estimated. 

Report.— Report the average swelling index of the series of four buttons, ex- 
pressed to the nearest one-half unit. 

If the residue is a powder or if the button is non-swollen (swelling index of 1) 
and pulverizes under a weight of 500 g. carefully lowered on it, designate the coal 
as "nonagglomerating.” 


CLASSIFICATION OF COALS BY RANK ” 

These specifications cover die classification of coals by rank, that is, according 
to their degree of metamorphism, or progressive alteration, in the natural series 
from lignite to andiracite. 

Basis of Classification.— The basic scheme of classification is according to fixed 
carbon and calorific value (expressed in Btu) calculated to die mineral-raatter-free 
basis. The higher-rank coals are classified according to fixed carbon on the dry 
basis: and die lower-rank coals according to Btu on die moist basis. Agglomerating 
and slacking indices are used to differeutiaie between certain adjacent groups. 

care of buttons whose cross-sectional area is greater than that of standard 
piolile J, the curve shown in Fig. 31-32 has been extended to include about 700 sq. mm., 
winch IS tlie maximum cross-scciional area of the silica crucibles used in the test. 

»3 Under the standardization procedure of the Society, these specifications are under the 
•'Vil M Cominitlcc D-5 on Coal and Coke. Standaidized as ASTM 
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r'lG. 31-31. l-'uIl-Scale Standard Profiles and Corresponding Swelling Index Numbers. 
(Courtesy of British .Standards Institution.) 



Fig. 31-32. Relationship of Areas of Standard Profiles to Swelling Indexes. 





1256 


COAL AND COKE 


CLASSIFICATION BY RANK 

Classification by Rank, (a) Fixed Carbon and Btu.-Coah should be classified by 
rank in accordance with Table 31-8. Coals having calorific values of 14,000 Btu 
or more on the moist, mineral-matter-Iree basis, and coals having fixed carbon of 
69% or more on the dry, minerai-matter-free basis, should be classified according 
to fixed carbon on die dry, mineraJ-matter-free basis; coals having calorific values 
less than 14,000 Btu on the moist, mineral-matter-free basis should be classified 
according to Btu on the moist, mineral-matter-free basis, provided the fixed carbon 
on the dry, mineral-matter-free basis is less than 69%. 

(6) Weathering Coals showing average weathering indexes of less dun 

5% should be considered nonweathering; coals showing average weathering in- 
dexes of 5% or more should be considered w'eathering from the standpoint of 
classification. 

(c) Agglomerating /ndcx.— Coals which in the volatile matter determination 
produce either an agglomerate button that will support a 500-g. weight without 
pulverizing, or a button showing swelling or cell structure, should be considered 
agglomerating from the standpoint of classification. 

Symbols for Expressing Classification.— (a) The position of a coal in the scale of 
rank may be expressed in condensed form as in the following example: 

(62 - 146) 

in which the parentheses signify that the contained numbers are on the mineral- 
matter-free basis. The first number represents fixed carbon on the dry basis, re- 
ported to the nearest whole per cent. The second number represents Btu on the 
moist basis, expressed as hundreds of Btu (to the nearest hundred); for example, 
14,580 Btu would be represented as 146. 

(6) When agglomerating or weathering properties enter into the classification 
of a coal, they should be expressed outside and immediately following the paren- 
tliesis by the following symbols: 

ag = agglomerating 
na = nonagglomerating 
we = weathering 
nw = nonweathcring 

(c) Classification by Grade and When the classification of a coal is re- 

ported according to both grade and rank, die grade designation should follow the 
rank designation as illustrated in the following example: 

(62 - 146), 4 X 2 in., 132 - A8 - F24 - Sl.6 

Note.— The numbeis in parentheses show the position oE a coal in the scale o£ rank 
arc on the mineral-matter-free basis, as expressed in the first paragraph of tiiis section. 
The number and symbols following the parenthesis show the position of a coal according 
to classification by grade expressed in accordance tvith the relevant section of the Specifi- 
cations for Classification of Coals by Grade (ASTM Designation: D389), and indicate a 
coal of lx2-in. size designation, having a calorific value of approximately 13,200 Btu, 
an ash of 6.1 to 8.0%, inclusive, an ash-softening temperature of 2400 to 2590''F., inclusive, 
and a sulfur content of 1.4 to 1.6%, Indusive. 

Sampling. Bed Samples.— Tiie classification of a coal bed, or part of a coal 
bed, in any locality should be based on the average analysis and calorific value 
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Table 31-8. Classification of Coals by Rank “ 


Legend: FG = Fixed Carbon VM = VolatUe Matter Btu - British thermal units 


Class 

Group 

Limits of Fixed Carbon 
or Btu Mineral-Matter- 
Free Basis 

Requisite 

Physical 

Properties 

I. .Anthracitic 

1. Meta-anthra- 

cite 

2. Anthracite 

3. Semianthracite 

Dry FC, 98% or more (Dry 
VM, 2% or less) 

Dry FG, 92% or more and 
less than 98% (Dry VM, 
8% or less and more than 

Dry FC, 86% or more and 
less than 92% (Dry VM, 
14% or less and more than 
8%) 

Nonagglomerat- 
ing * 

II. Bituminous 

1. Low volatile 
bituminous coal 

2. Medium vola- 

rile bitumi- 
nous coal 

3. High volatile A 

bituminous 

coal 

4. High volatile B 

bituminous 

coal 

5. High volatile C 

bituminous 

coal 

Dry FC, 78% or more and 
less than 86% (Dry VM, 
22% or less and more than 

14%) ^ 

Dry FC, 69% or more and 
less than 78% (Dry VM, 
31 % or less and more than 
22%) 

Dry FC, less than 69% (Dry 
VM, more than 31 %); and 
moist ' Btu, 1 4,000 ' or 
more 

Moist <= Btu, 13,000 or more 
and less than 14,000 * 

Moist Btu, 11,000 or more 
and less than 1 3,000 * 

1 

Either agglom- 

erating or non- 
weathering ^ 

III. Subbituminous 

1. Subbituminous 

A coal 

2. Subbituminous 

B coal 

3. Subbituminous 

C coal 

Moist Btu, 11,000 or more 
and less than 1 3,000 ‘ 

Moist Btu, 9500 or more and 
and less than 1 1 ,000 ' 

Moist Btu, 8300 or more and 
less than 9500 " 

Both weathering 
and nonag- 
glomerating 

IV. Lignitic 

1. Lignite 

2. Brown coal . . . . 

Moist Btu, less than 8300 
Moist Btu, less than 8300 

Consolidated 

Unconsolidated 


*> This classification does not include a few coals which have unusual physical and chemical 
properties and which come within the limits of fixed carbon or Btu of the high-volatile bitumi- 
nous and subbituminous ranks, .-Ml of these coals either contain less than 48% dry, mineral- 
matter-free fixed carbon or have more than 15,500 moist, mineral-matter-free Btu. 

If agglomerating, classify in low-volatile group of the bituminous class. 

' Moist Btu refers to coal containing its natural bed moisture but not including visible water 
on the surface of the coal. 

It is recognized that there may be noncoking varieties in each group of the bituminous 
class. 

‘ Coals having 69% or more fixed carbon on the dry, mineral-matter-free basis shall be 
classified according to fixed carbon, regardless of Btu. 

There are three varieties of coal in the high-volatile C bituminous coal group, namely: 
Variety 1, agglomerating and non weathering; Variety 2, agglomerating and weathering’ 
Variety a, nonagglomerating and nomveathering. 
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(and agglomerating and weathering index where required) of not less than three 
and preferably five or more face samples taken in different and uniformly distrib- 
uted localities, either within the same mine or closely adjacent mines represent- 
ing a continuous and compact area not greater than approximately four square 
miles in regions of geological uniformity. In regions where conditions indicate 
that the coal probably varies rapidly in sliort distances, the spacing of samples and 
grouping of analyses to provide average values should not be such that coals ot 
obviously different rank will be used in calculating average values. 

The samples should be taken in accordance with the U. S. Bureau of Mines 
method or its equivalent, and shall be placed in moisture-tight containers in 
the mine. 

Analyses of samples from outcrops or from weathered or oxidized coal should 
not be used for classification by rank. 

In case the coal is likely to be classified on the “moist” basis, tliat is, containing 
the natural bed moisture, the samples should be taken at freshly exposed faces 
which are free from visible surface moisture if possible. Samples of low-rank 
coals which appear dry at the time of collection frequently give off moisture 
which condenses on the inner surface of the sample containers before they are 
opened for analysis. In the case of coals which were free from visible surface 
moisture when sampled, but which show moisture on die inner surface of the 
containers when opened, both the container and the coal should be weighed be- 
fore and after air-drying, and the total loss in weight should be reported as air- 
drying loss. 

If it is impossible to sample the coal without including visible surface moisture, 
and the coal is likely to be classified on the “moist” basis, the sampler should in- 
clude the following statement in the description*. “Sample contains surface mois- 
ture.” Samples so marked should not be used for classification on a moist basis 
unless brought to a standard condition of moisture equilibrium at 30‘C. in a 
vacuum desiccator containing a saturated solution of potassium sulfate (97% hu- 
midity) as suggested by Stansfield and Gilbart.*^ Analyses of such wet samples 
which have been treated in this manner shall be designated as “wet samples 
equilibrated at SO^C. and 97% humidity.” 

Tipple or Shipment Samples.— The classification of "run of mine” coal and 
prepared sizes of coal should be based on representative samples taken in accord- 
ance witli the Methods of Sampling Coals Classed According to Ash Content 
(ASTM Designation: D492, p. 1137). 

In case the coal is likely to be classified on the “moist” basis, the samples should 
be taken at the tipple or preparadon plant and protected against loss of moisture 
us specified in the relevant section of Metlrods D492. Samples which appear dry 
at the time of collection shall be handled in accordance with the fourth para- 
graph of tile section above on sampling to ensure correct determination of total 
air-drying loss. Samples which have visible surface moisture on the coal when 
sampled, and which are likely to be classified on the “moist” basis, shall be marked 
by the sampler, equilibrated, and die analyses designated in accordance with the 
fifth paragraph of the section above on sampling. 

MJ. A. Holmes, The Sampling of Coal in the Mine, U. S. Bureau of Mines Technical 
I’aper No. 1. 1918. 

Edgar Stansfield and K. C. Gilbart, Moisture Determination for Coal Classification, 
Transactions, Am. Inst. Mining and Metallurgical Engrs., Coal Division, p. 125, 1932. 
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coals shall bfcletermined by the O. S. Bureau of Mines method •» modified with 
respect to the selection of a standard humidity. Briefly, the test consists of air- 
drying 500 to 1000 g. of approximately 1- to 1.5-in. lumps at a temperature o 
30° to S5°C. and a humidity of 30 to 35% for a period of 24 hr and then immers- 
inK the lumps in water for 1 hr., the water then being drained off, and the sam- 
ple aeain air-dried for 24 hr. The amount of disintegration is determined by 
sieving on an 8-in. wire-mesh sieve with 0.263-in. square openings, and weighing 
the quantity of coal passing (undersize) and that retained on (oversize) the sieve. 
The percentage of coal passing the sieve (undersize), after deducting a blank siev- 
inf test, is the weathering or slacking index of the coal. 

Agglomerating Index.-The coke-button grading test »" afforded by the examina- 
tion of the residue in the platinum crucible incident to the volatile matter de- 
termination should be used. 

Calculation to Mineral-Matter- Free Basis. Calculation of Fixed Carbon and 

For classification of coal according to rank, fixed carbon and Btu should be 

calculated to the mineral-matter-free basis in accordance with either the Parr for- 
mulas, a® Eqs. (1), (2), and (3), or the approximation formulas, Eqs. (4), (5), and 
(6), given below. In case of litigation, the appropriate Parr formula should be used. 

Calculation from "moist” basis: 

Parr Formulas: 


Dry, Min-irtt FC = 


FC- 0.1 Si- 


100 - (Af + 1.08^ + O.SS^") 
Dry, A/m-free VM = 100 — Dry, A/m-free FC 

y 

Btu - 505 


X 100 


Moist, A/ffj-free Btu = 


100 - (1.08/1 + 0.555) 


X 100 


( 1 ) 

( 2 ) 

( 3 ) 


Note.— The above formula for fixed carbon is derived from the Parr formula for volatile 
matter. 


A l)j)roximation Formulas: 

Dry, Mm-free FC ~ 


FC 


100 - (Af-f \.\A + 0.15) 
Dry, Afm-free Vm — 100 — Dry, A/m-free FC 

Btu 


X 100 


Moist, A/ni-frec Btu = 


100 - (1.1/1 -f 0.15) 


X 100 


( 4 ) 

( 5 ) 

( 6 ) 


,.\. c. I'icklncr, IV. A. Selvig, and W. H. Frederic, Accelerated Laboratory Test for 
Delenmnation of Slacking Characteristics of Coal, U. S. Bureau of Mines Report of In- 
vestigations No. 3055, 1930, 

R. E. Gilmore, G. P. Connell, and J. H. H. Nicolls, Agglomerating and Agglutinating 
I csts lor Classifying Weakly Caking Coals. Transactions, Am. Inst. Mining and Metallui” 
gual Engis.. Coal Division, 108, p. 255, 1934. 

■•'■' S. M'. Parr. The Classification of Coal, Bulletin No. 180, Engineering Experiment 
station Universuy of Illinois. 1928. ° ’ ‘ 
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where Afm = mineral matter, 

Btu = British thermal units, 

FC — percentage of fixed carbon, 

VM = percentage of volatile matter, 

M = percentage of moisture, 

A — percentage of ash, 

S — percentage of sulfur, and 

Moist refers to coal containing its iratural bed moisture, but not including vis- 
ible tvater on the surface of the coal. See section on sampling, p, 1256. 

Modification for Coals High in Carbonate.— !i\ case of controversy, samples con- 
taining more than 1.0% of carbon dioxide occurring as carbonates shall be either 
(I) crushed to pass through an 840-micioj\ (No. 20) sieve and floated on a heavy 
liquid of such specific gravity as to reduce the carbon dioxide occurring as car- 
bonate to 1.0% or less on a dry basis, provided, however, that the recovery of 
float coal shall be not less than 75%; or (2) shall be analyzed for mineral matter 
according to the Parr method for coals with high calcium carbonate content, 
modified by heating the sulfated ash at TSO^C. to constant weight to ensure ex- 
pulsion of excess sulfur trioxide.*®“ In case of litigation, method (/) shall be used. 


SAIMPLING COKE FOR ANALYSIS 

It is imperative that every sample be collected and prepared carefully and con- 
scientiously and in strict accordance with the standard procedure described herein, 
for if the sampling is improperly done, the sample will be in error, and it may 
be impossible or impracticable to take another sample; whereas, if an analysis is in 
error, another analysis can readily be made of die original sample. 

Gross samples of not less than the quantities designated in this method must be 
taken whether the coke to be sampled consists of a few tons or several hundred 
tons in order to minimize the effect of the chance inclusion or exclusion of too 
many or too few pieces of nonrcpreseiitative material. 

Sample for All Determinations Except Total Moisture. Place of Sampling.— 
The coke should be sampled while it is being loaded into or unloaded from rail- 
road cars, ships, barges, or trucks, or when discharged from supply bins, railroad 
cars, grab buckets, or other coke-conveying equipment. 

Samples collected from the surface of coke in piles, bins, cars, ships, or barges 
are, in general, unreliable because of size segregation and should not be used for 
determining conformance to specifications unless the purchaser and the seller so 
agree. In case it is necessary to collect a sample of coke from the surface of loaded 
shipments, nine equal increments should be taken about I ft. below the surface. 
1 he nine sampling points should be located as shown in Fig, S1-3S. 

Size of Increments.— To collect samples, a shovel or specially designed tool or 
mechanical means should be used Cor taking equal portions or increments. The 

®9S. tv. Parr, Chemical Study of Iliinois Coal. Illinois Coal Mining Investigations, State 
Geological Survey, Urbana, III., Bulletin No. 3, p, 35. 1916. 

100 o. IV. Rees. Determining Ash in High Carbonate Coals. Study of the Modified 
Method, Industrial and Engineering Chemistry', Analytical Edition, 9, pp. 307-309, 1937. 

101 Under the standardization procedure of the Society, this method is under the juris- 
diction o{ the ASTM Committee D-5 on Coal and Cohe. .Standardized as ASTM D346-35. 
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,.TO^ sample slioukl consist of not less tiran 25 nor more than 50 increments of 
"pproximlitely equal quantity, except that when samples are collected from the 
liirfacc of loaded shipments die gross sample should consist of 9 increments of 
approximately equal quantity. 



Collection of Gross Sample.— The increments should be regularly and system- 
atically collected, so that the entire quantity of coke sampled will be represented 
proiiortionately in the gross sample, and with such frequency that a gross sample 
of the required amount will be collected. The standard gross sample should be 
not less than the quantities given in the following table: 

Minimum 
Weight 
of Gross 
Samples, 
lb. 

Run-of-oven, blast-furnace, foundry, water-gas, and any 
coke containing a range of size of pieces made from un- 
crushed or coarsely crushed coal,* except coke breeze. . 500 “ 

Run-of-oven, blast-furnace, foundry, water-gas, and any 
coke containing a range of size of pieces made from 


crushed coal,'" except coke breeze 250 “ 

Closely-sized coke made from uncrushed or coarsely 

crushed coal * free of coke breeze 250 “ 

Closely-sized coke made from crushed coal ' free of coke 

breeze 125“ 

Coke breeze (all passing a h or ^-in. square-hole sieve). . 125 


■* In caic the pulverization of the coal is not known, take quantities designated for coke made 
from uncrtishcd or coarsely cnished coal. 

^ .More than 10% on a [-in. square-hole sieve. 

■ .\ot less than 90% passing through a 1-in. square-hole sieve. 

Quantitv Represented.— A gross sample should be taken for each 250 tons or 
fraction thereof, or in case of larger tonnages, for such quantities as may be 
agreed upon. Each lot of coke arising from a different .source or known to be of 
diliereni tjualiiy or si/e should be .sampled separately. 
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Crushing Sample.— The entire gross sample should be crushed, mixed, and re- 
duced in quantity to convenient size for transmission to the laboratory. The 
sample should be crushed preferably by means of jaw or roll crushers, or in case 
mechanical crushing means are not available, the coke sample should be crushed 
on a chilled-iron or hard-steel plate by impact of a tamper, hard bar, or sledge, 
avoiding all rubbing action as otherwise die ash content may be materially in- 
creased by the addition of iron from the sampling apparatus even though hard- 
ened iron or steel is used. The crushing should be done under such conditions 
as will prevent loss of coke or accidental admixture of foreign matter. Samples of 
the quantities indicated in Table 31-9 should be crushed so that no pieces of 
coke and impurities will be greater in dimension, as judged by eye, than specified 
for the sample before division into two approximately equal parts. 

The method of reducing by hand the quantity of coke in a gross sample should 
be carried out as described in the following section, even should the initial size 
of coke and impurities be less than indicated in Table 31-9. 

Table 31-9. Weights op Coke Samples vmH Corresponding Crushing Sizes 

Largest Size of Coke 
and Impurities 

Weight of Sample Allowable in Sample 

to be Divided, lb. Before Division, in. 

250 or over 1 

125 f 

60 I 

30 J 

Mixing and RcductJon.i-‘’2 The progressive reduction in tlie weight of the 
sample to the quantities indicated in Table 31-9 should be done by the following 
methods, which are described and illustrated in Fig. 31-34. 

The alternate-shovel method of reducing the gross sample should be repeated 
until the sample is reduced to approximately 125 !b„ and care should be observed 
before each reduction in quantity that the sample has been crushed to the fine- 
ness specified in Table 31-9. 

The crushed coke should be shoveled into a conical pile (see Fig. 31-34) by 
depositing each shovelful of coke on top of the preceding one, and then formed 
into a long pile in the following manner: The sampler should take a shovelful of 
coke from the conical pile and spread it out in a straight pile having a width equal 
to the width of the shovel and a length of 5 to 10 ft. The next shovelful should 
be spread directly over the top of the first shovelful, but in tlie opposite direction, 
and so on back and forth, the pile being occasionally flattened, until all the coke 
has been formed into one long pile. The sampler should then discard half of 
this pile, proceeding as follows: 

Beginning on one side of the pile, at either end, and shoveling from the bottom 
of the pile, die sampler should take one shovelful and set it aside; advancing 

102 This figure was formerly part of the Standard Method of Sampling Coal for Analysis 
(ASTM Designation: D21) now superseded by the Standard Methods of Sampling Coals 
Classed According to Ash Content (ASTM Designation: D492). see p. 1137; it is included 
here to iUustiaie the alternate shovel, conins. and quartering method of leducing samples 
by hand. o -i 
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along the side of the pile a distance equal to the width of the shovel, he should 
take a second sliovelful and discard it; again advancing in the same direction one 
shovel width, he should take a tliird shovelful and add it to the first. The fourth 
should be taken in a like manner and discarded, the fifth retained, and so on, the 
sampler advancing always in the same direction around the pile so that its she 
will be gradually reduced in a unifonn manner. When the pile is removed, about 
half of the original quantity of coke sliould be contained in the new pile formed 
by the alternate shovelslul which have been retained. 

After the gross sample has been reduced by the alternate-shovel method to ap- 
proximately 125 lb., further reduction in quantity should be by tlie quartering 
mediod. Before each quartering, the sample should be crushed to the fineness 
specified in Table 31-7. 

Quantities of 60 to 125 lb. should be mixed thoroughly by coning and reconing; 
quantities less than 60 lb. should be placed on a suitable cloth, measuring about 
6 by 8 ft., mixed by raising first one end of the cloth and then the other, so as to 
roll the coke back and forth, and after being mixed thoroughly should be formed 
into a conical pile by gathering togetlier the four corners of the cloth. The 
quartering of the conical pile should be done as follows: 

Tlie cojie should be flattened, its apex being pressed down and worked outward 
by means of a shovel, so that after the pile has been quartered, each quarter will 
contain the material originally in it. The flattened mass, which should be ol 
uniform thickness and diameter, should then be marked into quarters by two lines 
that intersect at right angles directly under a point corresponding to the apex of 
the original cone. The diagonally opposite quarters should then be shoveled 
away and discarded and tlie space that they occupied brushed clean. The coke re- 
maining should be crushed, mixed, coned, and quartered successively until the 
sample is reduced to approximately 30 Ib. 

The 30-lb. quantity should be crushed to K-in. size, mixed, coned, flattened, and 
quartered. The laboratory samples should include all of one of the quarters, or all 
of the two opposite quarters, as may be required. The laboratory sample should 
be placed immediately in a suitable container and sealed in such a manner as to 
preclude tampering. 

Reduction by Mechanical Means.— Only such riffles or other mechanical means as 
will give equally representatiie samples should be used in substitution for the 
liand method of reduction in quantity herein standardized. 

Sample for Determitmtion of Total Moisture, Sample for Total Moisture.— For 
determining total moisture, a special moisture sample weighing approximately 50 
lb. should be taken, except in the case of coke breeze, in which case the moisture 
s.implc should weigh approximately 25 lb. The moisture sample should be taken 
when the coke is bcitig loaded or unloaded as the case may be, and should be ac- 
cumulated by placing in a waterproof receptacle with a tight-fitting lid small equal 
parts of the frcshly-takcti increments of the standard gross sample described under 
Size Groups (p. 1139). The special moisture sample, without any preliminary 
irushing, should preferably be dried to constant weight at a temperature of not 
less than 101® nor more than 200®C.*®* In case it is impracticable to dry tJie 
entire sample, the following procedures may be used: 

103 ii;xpcriii)cnis nunde at the U. S. Bureau of Mines ha\e shown that results checkin;; 

^re obtained bctiveeii these temperature limits. See A. C. Ficldncr and 
U. A. Schig, The Determination of .Moisture in Coke. U. S. Bureau of Mines Technical 
Paper No. US. 1917. 
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For Coke Appearing Dry.-The special moisture sample should be crushed 
rapidly to 0.5-in. size and reduced mechanically or by hand to about a 5-lb. quan- 
tity, which should be immediately placed in a container and sealed airtight and for- 
warded to the laboratory without delay. , , , , j 

For Coke Appearing Wet.-The special moisture sample should be spread on 
tared pans, weighed, and air-dried or dried in a warm place or on a warm or heated 
surface until the coke appears dry, and weighed again. The sampling should be 
completed as described in the preceding paragraph for coke appearing dry. This 
loss in weight divided by weight of sample, multiplied by 100, is the percentage of 
air-drying loss and should be corrected as follows for the moisture found in the 
sample sent to the laboratory; 


TM 


= ( 


100 


100 


) 


X M +Z. 


where TM — percentage total moisture of the coke as received, 

L = percentage of air-drying loss, and 
M = percentage moisture in the air-dried sample. 

Report.-Since in the report of the analysis, a brief description should be given 
of the method of taking the sample, by such characteristic expressions as “belt sam- 
ple,” “top-of-car,” etc., information as to how the sample is taken should be in- 
cluded in the description which accompanies the sample sent to the laboratory. 


VOLUME OF CELL SPACE OF LUMP COKE 

The percentage by volume of cell space of lump coke shall be calculated from 
the apparent specific gravity of the moisture-free lump coke and the true specific 
gravity of moisture-free coke passing a 74-micron (No. 200) sieve, as follows: 


Cell space, % by volume = 100 — 100 


( 


apparent sp. gr. 
true sp. gr. 


) 


APPARENT SPECIFIC GRAVITY 
Apparatus.— The apparatus for the determination of the apparent specific gravity 
of coke consists of the following: 

{a) A suitable container not smaller than approximately 13 in. in height, 22 in. 
in length, and 11 in. in width, or of equivalent size, provided with a spout con- 
sisting of a short 0.5-in. nipple extending horizontally from the container about 
2.5 in. below the top. 


Note.-A wash boiler of suitable size to which a spout has been soldered answers the 
above description. 


(6) A wire cage or basket of about 0.5-in. square-mesh screen wire cloth provided 
with a cover and two long handles, suitable for holding the entire sample of coke 
and so made as to fit inside the container below the spout. 

(c) A 3-gallon bucket or other vessel suitable for receiving the displaced water 

(d) A pan about 15 in. square and 3 in. in height or the equivalent for contain- 
ing the coke during the determination of its weight. 


di 


Under the standardization procedure of the Society, this method 
ciion ol the ASTM Committee D-5 on Coal and Coke. Standardized 


is under the juris- 
as ASTM 0167-24, 
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{e) A scale sensitive to 0.5 oz. 

Sampling. Unit for Samiiling.— Each carload or its equivalent should be con- 
sidered a unit for sampling. 

Sampling at Source.— If the porosity test is desired on run-of-oven coke, tlie 
sample should be collected from tlic coke wharf in the case of by-product coke, 
while samples of beehive coke should be collected as the coke is drawn from the 
ovens. 

By-Product Coke.— About 50 lb. of representative pieces of coke should be selected 
from the coke wharf for each test. This is best accomplished by dividing tlie coke 
on the wharf into approximately equal areas and selecting an equal number of 
pieces from eaclt area. Each piece selected should be approximately equal in 
length to one-half of the width of the coke ovens, and should show a “cauliflower” 
end produced at the walls of tlie ovens, and an “inner" end produced at the cen- 
ter of the ovens. 

Beehive CoAe.— .About 50 lb. of representative pieces of coke should be selected 
for each test as the coke is drawn from the ovens. This is best done by selecting 
full-length pieces, or their equivalent, as the coke is being drawn from previously 
determined points in the oven, so that they include pieces from the front, sides, 
center, and back. If the individual pieces as taken from the ovens are too large 
and bulky, the 50-lb. sample should be collected by removing three small nieces 
from each large piece— one eacli from the top, the middle, and the bottom. The 
sample finally collected sliould be composed of an equal number of pieces showing 
top, middle, and bottom. 

Sampling at Delivery.— If the porosity test is desired on coke for furnace or cupola 
use, the sample should be representative of the material in question and collected 
at the place of delivery. 

By-Producl and Beehive CoAe.— The sample is best collected as the coke is 
delivered from the railroad cars into the bins. This may be accomplished by 
inserting a scoop of 10- to I5-Ib. capacity iti the coke stream at regular intervals dur- 
ing the period of unloading. The sample collected should be large enough to 
give about 50 lb. of coke pieces, none of which would in any position pass through 
a 1-in. square-mesh sieve. 

Note.— S ince the cage or basket is of 0.5'in. square-mesh screen wire cloth, it is necessary 
to have pieces that will remain in the cage when it is removed from the water. 

As it is very difficult to collect a representative sample from coke exposed in 
bins and cars, care should be taken to take pieces representing the entire exposed 
area, if sampling must be done in this manner. This is best accomplished by 
dividing the exposed surface to be sampled into approximately equal areas, and 
selectitig an equal number of pieces from each area. A 50-lb. sample of repre- 
sentative pieces should be collected, none of which should in any position pass 
tlirough a 1-in. square-mesh sieve. 

Froceditre.— Select about 25 Ib. of coke from the sample so that it is representa- 
tive of the material under consideration witli regard to size, shape, and general 
appearance. Dry the coke to constant weight at a temperature of from 105® to 
200"C. Weigh the coke when cool, after sliakitig and brushing off any adhering 
dust. 

Place^ a cork in the spout of the container, which has been placed on a level 
and rigid base or floor. After the empty cage has been placed into tlie container, 
pour water at room temperature into Uve container until the water level is above 
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the sDOut After the water has come to rest, remove the cork from the spout and 
permit the excess water to drain out for 1 minute after the overflow stream starts 
to discharge drop by drop. Then replace the cork and remove the cage from the 
water, care being taken to shake all adhering water back into the container. Then 
place die weighed dried coke sample into the cage and after fastening the cover, 
lower the cage containing the coke into die water. 

Note.— If there is not sufficient capacity in the container above the spout to retain the 
displaced water, some of the water may be drawn off into a weighed bucket, or other 
suitable vessel, by removing the cork from the spout while the coke is being loiveied. 

Permit the cage to remain in the water for 15 minutes, with occasional shaking 
to detacli any air bubbles adhering to the surface of the coke, care being taken not 
disturb the position of the container. At the end of the 15-minute period, during 
which the coke shall have been completely submerged at all times, remove the cork 
after die water has come to rest, and permit the displaced water to drain into a 
weighed bucket or other suitable vessel for 1 minute after the overflow stream 
starts to discharge drop by drop. Replace the cork, remove the cage containing the 
coke from the water and permit it to drain for 1 minute. Remove the wet coke 
from the cage and weigh it. 

Determine the weight of the displaced water, which has been caught in the bucket. 

Calculation.— The apparent specific gravity shall be calculated from the formula: 


Apparent specific gravity = 


A 

B A- (C- A) 


where A = weight of dry coke, 

B = weight of water displaced by wet coke, and 
C = weight of wet coke. 


TRUE SPECIFIC GRAVITY 

Apparatus.— The apparatus for the determination of the true specific gravity 
of coke passing a 74-micron (No. 200) sieve shall consist of a Hogarth's specific 
gravity bottle widi side tubulure, having a capacity of about 100 ml. The bottle 
should be accurately calibrated so that a table may be constructed giving the 
contents of the bottle at the room temperatures likely to occur in the laboratory. 

Note.— This may be done conveniently from data in tables of corrections for determin- 
ing the true capacities of glass vessels from the weight of water in air, as given in National 
Bureau of Standards Circular No. 19, pp. 52-56, 1916. 


Proceditre.-Carefully introduce a 10-g. portion of 200-mesh coke which has been 
previously dried for 1 hr. at 105°C., into the specific gravity bottle with a sufficient 
quantity of distilled water to fill the bottle about one-half full. Then place the 
bottle on a hot plate and keep the contents boiling for 1 hr., the specific oxavity 
botde being shaken frequently so as to wash down any coke adhering to the sides 
Remove the bottle from the plate, after boiling for 1 hr., fill it to the tubulure 
widt recently boiled and cooled distilled water, and insert the stopper. Permit 
die bottle to stancl until the contents have cooled to room temperature (see Note 
1, below), then fill the bottle to slightly above the mark on the capillaiw of the 
stopper with recently boiled distilled water which has been cooled to mom^temper 
ature (see Note _, below). Adjust the water level to the mark on the capillary^ by 
touching a piece of filter paper to the end of the tubulure. Then wipe die bottle 
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dry and weigh it immediately. Immediately after die weighing, remove die stopper 
and taTke die temperature of the contents. 

Note I.— Cooling nia> be hastened b) placing the bottle in water. 

Note 2.— This is coineiiienUy done by insetting the end of the tubulure in a small 

beaker of the distilled water and applying a slight suetjon on the stopper. 

Calculation.— The true specific gravity shall be calculated from the formula: 

True specific gravity = 

where IV = weight in grama of dry coke, 

jy' = weight in grams of the botde and the dry coke and water required to fill it, 

P = weight in grams of the bottle and the water required to fill it. 

Reproducibility of Results.— The differences in duplicate determinations of true 
specific gravity shall not be more than the following; 


Same analysts. 0.01 

Different analysts 0.02 


DROP SHATTER TEST FOR COICE 

This method of drop shatter test is intended for determining the property of 
coke to widistand breakage when subjected to handling at tlic source and during 
transit to the consumer. 

Apparatus. Shatter Test Machine.— The shatter test machine consists of a box 
18 in. in width, 28 in. in length, and approximately 15 in. in depth, supported 
above a rigidly mounted cast-iron or steel plate, not less than 0.5 in. iti thickness, 
38 in. ill width, and 48 in. in length. The inside of the bottom of the box should 
be 6 ft. above the plate. The bottom of the box should consist of two doors hinged 
lengtliwise and latched so that they will swing open freely and not impede the fall 
of the coke. Boards about 8 in. in height should be placed around the plate so 
that no coke is lost. To prevent the breakage of coke, which may occur while 
placing the sample in the box, tlie box should be constructed so that it can be 
lowered to a convenient level, which is best done by means of a pulley and 
counter-weight. A convenient form of shatter test machine is shown in Fig. 31-35. 

Sieves.— For determining the breakage of coke, square-mesh sieves of the following 
sites should be used; 2, 1.5, 1, and 0.5-m. The sieves shall conform to the Specifi- 
cations for Sieves for Testing Purposes (ASTM Designation: Ell, p, 1277), ex- 
cept that circular sieves 2 ft. in diameter are satisfactory. 

Sampling. Unit for Sampling.— Each carload or its equivalent should be con- 
sidered a unit for sampling. 

Sampling at Source.— If the shatter test is to be used to indicate the probable 
breakage of coke on handling, the sample should be taken before the coke is sub- 
jected to possible breakage resulting from screening and loading into cars. In 
the case of by-product coke, the sample should be collected from the coke wharf; 
samples of beehive coke should be collected as the coke is drawn from the ovens. 

By-Ptodiict Co^e.— About 75 lb. of representative pieces of coke, none of which 
uould in any position pass through a 2-in. square-mesh sieve, should be selected 

los Under the standardization piocedure of the Sodets, this method is under the jinis' 
diction of the ASTM, Coiiiinittee D-S on Coal and Coke. Standardized as DI4I-18, 
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from the coke wharf for each test. This is best accomplished by dividing the coke 
on the wharf into approximately equal areas and selecting an equal numb i 
pieces f^om each Jl Each piece selected should be approximately equal in 



lengdi to one-half the width of the coke-ovens, and shall show a “cauliflower” end 
produced at the walls of the ovens and an “inner” end produced at the center of 
the ovens. 

Beehive Coke.— About 75 lb. of representative pieces of coke should be selected 
for each test as the coke is drawn from the ovens. This is best done by selecting 
full-length pieces or their equivalent as the coke is being drawn from previously 



1270 COAL AND COKE 

determined points in tlte oven> so tltat they incltide pieces from the front, sides, 
center, and back. If the individual pieces as taken from the ovens are too large 
and bulky, tlie 75-lb. sample sliould be collected by removing tliree small pieces 
from each large piece— one eacit from the top, the middle, and the bottom. The 
sample finally collected should be composed of an equal number of pieces showing 
top, middle, and bottom. None of the pieces comprising the sample should in any 
position pass through the 2*in. square^mesh sieve. 

Sampling at Delivery.— If the Matter test is to be used to indicate the fitness of 
the coke for furnace or cupola use, die sample should be collected at the place 
of delivery. 

Dy-Prodiict and Beehive CoAe.— The sample is best collected as the coke is 
delivered from the railroad cars into die bins. This may be accomplished by in- 
serting a scoop of 10- to 15-ib. capacity in the coke stream at regular intervals dur- 
ing the peiiod of unloading. The sample collected should be large enough to 
give about 75 lb. of coke pieces, none of which would in any position pass through 
a 2-in. square-mesh sieve. 

As it is very difficult to collect a representative sample from coke exposed in bins 
and cars, caie should be taken to take pieces representing the entire exposed area, 
if sampling must be done in this manner. This is best accomplished % dividing 
the exposed surface to be sampled into approximately equal areas, and selecting 
an equal number of pieces from each area. A 75-lb. sample of representative pieces 
should be collected, none of whidi shall in any position pass through a 2-in. 
square-mesh sieve. 

Procedure.— Place about 50 lb. of die sample in the box of die coke shatter test 
machuic, level the coke, raise the box, and drop the coke four limes on the plate, 
the small material produced being returned each time to the box with the large 
coke. To prevent breakage of the coke, lower the box to a convenient height 
when transUrring the sample into it. After the fourth drop, run the material 
successively dtrough the 2-in., 1.5-in., 1-in., and 0.5-in. sieves. The coke sliould 
be Sieved in such increments as will allow all pieces to be in direct contact with 
the sieve openings. 

In sieving, care should be taken to prevent breakage of the coke pieces. Shake 
the sieve gently until all of the pieces are in direct contact with the meshes. Weigh 
die coke remaining on each sieve and that which passes through separately. If 
the sum of these weights shows a loss of over 1%, reject the test and make another 
test. 

Report,— The results of the sliaiter test should be reported as follows; 


Passing 

2-in. sieve 
1.5-in. sieve 
1-in. sieve 
0.5-in, sieve 


Retained on Per Cent 

2-jn. sieve 

l.S-in. sieve 

l-in. sieve.. 

0.5-in. sieve 


Since the average probable error of a single shatter test determination is 
pioximately 2%. it is advisable to make several tests and report the average result. 



GOAL AND COKE 


1271 


TUMBLER TEST FOR COKE 


This tumbler test is a relative measure of the resistance of the coke to degrada- 
tion by abrasion. The results obtained are influenced by the effect of impact. 

Abbaratus. Tumbler Machine.-The tumbler machine consists of a circular 
steel drum 36 in. in inside diameter and 18 in. in inside length made of 
least Vi in. in thickness. Two equally spaced 2 by 2 by Yi-m. angles should be 
riveted longitudinally inside the drum. These angles should be riveted to the shell 
so that the attached legs point away from the direction of rotation, thus giving 
a clear unobstructed shelf for lifting the coke. To provide for rotating the drum, 
it should be mounted on a horizontal steel shaft 1.5 in. in diameter passing 
through tlie drum. An opening should be provided, preferably in the shell, for 
introducing and removing the sample. During the test, the cover should be 
rigidly fastened to tlie shell and shall be so constructed as to fit into the shell in 
order to have a smooth inner surface. 

Sieves.i«‘— For sizing the sample for test, square-mesh sieves having 2-in. and 3- 
in. actual openings between the wires should be used. For sieving the coke after 
the tumbler test, square-mesh sieves having 2, 1.5, 1, 0.5, and M-in. actual openings 
between the wires should be used. The sieves shall conform to the Specifications 
for Sieves for Testing Purposes (ASTM Designation: Ell, p. 1277), except that 
sieves of heavy double-crimped wire with circular frames about 24 in, in diameter 
are satisfactory. 

Samplhig.—The gross sample collected should be sufficient to obtain approxi- 
mately 25 lb. of coke which will pass a 3-in. sieve and be retained on a 2-in. square- 
mesh sieve. This may be best accomplished by placing a container or scoop in the 
stream of coke and collecting small increments at regular intervals in oraer to ob- 
tain a representative sample of the entire quantity of coke under consideration. 

Preparation of Sample.— Size the coke by sieving on 3-in. and 2-in. square-mesh 
sieves, without crushing the larger pieces, in order to obtain a sample that will 
pass the 3-in. sieve and be retained on the 2-in. sieve. In sizing the sample, up-end 
each piece of coke on the sieve by hand to determine whether in any position it 
passes the sieve. If a large proportion of the pieces are larger than 3 in. it will 
be necessary to break out representative smaller pieces of the desired size. This 
should be accomplished without shattering the coke pieces and may often be done 
widi a heavy screw driver by prying apart at fracture cracks. 

Procedure.— Accurately weigh approximately 22 lb. (10 kg.) of the coke sample 
which has been sized in accordance with the preceding section, and previously dried 
at 104° to 200°C., and place it in the drum of the tumbler machine. Rigidly 
fasten the cover and rotate the drum at 24 ± 1 r.p.m. for a total of 1400 revolutions. 
Then remove all of the coke from the drum and sieve it, using the following 
square-mesh sieves: 2, l.o, 1, 0.5, and %-in. Up-end each piece of coke retained on 
the 2-m. sieve by hand to determine whether in any position it passes the 2-in. sieve. 
Shake die coke passing the 2-in. sieve rather vigorously on each succeeding sieve 


procedure of the Society, this method is under the iuris- 
Committee D-5 on Coal and Coke. Standardized as ASTM D294-50. 
• User s attention is called to the fact that yields of certain sizes as determined by use 
of the specified screens cannot be compared directly with results obtained by usin<T screens 

1950 revision!^ An important example occurs in the nf fh ' 
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in order to up-end the pieces until practically no more coke will pass through tlie 
openings. Weigh separately the coke retained on each sieve and that whidt passes 
tlirough the smallest sieve used. Make liie weighings to tlie nearest 1 g. 

Report.— TJie sieve analysis after the tumbler test shall be reported in cumulaihc 
percentages to the nearest 0.1%, as follows: 

Total Retained On Per Cent^ Cumulative 

2-in. sieve 

1.5-in. sieve 

1-in. sieve (Stability Factor) “ 

0.5-in. sieve. 

^-in. sieve (Hardness Factor) “ 

“ The percentage of coke retained on the 1-in. sieve has been designated the stability factor 
and the percentage retained on the i-in. sieve as the hardness factor as indicated in the report 
of the sieve test in the above table. 

SIEVE ANALYSIS OF COKE 

Sietitfi.— Square-hole sieves of the following Steve openings conforming to tlie 
Tentative Specifications for Sieves for Testing Purposes (ASTM Designation: Ell, 
p. 1277) should be used; 


Siu 

Sim Opening, in. 

3360 micron (No. 6). . . . 

0.132 

4760 micron (No. 4). . . . 

0.187 

} in 

0.250 

f in 

0.375 

i in 

0.500 

* in 

0.750 

1 in 

1.00 

I5 in 

1.50 


2.00 


3.00 

4 in 

4.00 


For sizes of coke smaller than 2 in., sieves of double-crimped wire with circular 
frames about 18 in. in diameter arc satisfactory. For coke 2 in. and larger m size, 
it is more couveuieut to use sieves square or rectangular in shape of heavy, double- 
crinipcd wire, having an area of 6 to 9 sq. ft. These larger sieves may be mounted 
so as to slide like draweis, in a rack, with a pan at the bottom. 

Sampling.— For collecting samples of coke, the procedure described in the relevant 
sections of the Stand.nrd Methods of Sampling Coals Classed According to Ash Con- 
tent (.kSIM Designation: D192, p. 1137) should apply in general. The weight 
ol ihe sample selected for the sieve anal)sis detenniiiation depends upon the size 
and character of the coke and shall conform to the following: 

10 ’* Lmler the staiuk'iidizaium piuccdure of the Socicis, this method is under the juris- 
aictiun of llie AS I .\I Coiinnitiec D-5 on Coal and Coke. Standardized as D293-50. 

Lsers attetuiun is called to the fact that yields ol certain sizes as determined by use 
of the swtified screens cannot be compared direcih with icsults obtained by using scrccin 
as spccificvl prior to the 19:»0 revision. 
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Mirdmum Weight 
of Sample, lb. 


For run-of-oven coke and coke 1 in. and larger in size 

containing breeze 

For coke 1 in. and larger in size, free from breeze 

For coke smaller than 1 in. in size 


500 

200 

50 


It is extremely difficult to obtain truly representative samples of coke having a 
range of sizes. When the coke is on a belt conveyor the sample should be selected 
by stopping the belt at regular intervals and selecting increments in sections about 
3 ft. in length and the entire width of the belt, or when the coke is going over a 
pulley or coming down a chute the sample should be selected by inserting a con- 
tainer or scoop into the stream of coke at regular intervals so as to take increments 
of the full width and thickness. The increments should be regularly and systemati- 
cally collected so that the entire quantity of coke sampled will be represented pro- 
portionately in the sample, and widi such frequency that a sample of the required 
amount is collected. It is not feasible to collect representative samples of coke 
from loaded cars or bins for sieve analyses. Samples of coke in cars or bins should 
be taken as the cars or bins are being filled or emptied. 

Procedure.— The sample should be accurately weighed. Starting with the sieve 
having the largest opening, the sample of coke should be sieved in such increments 
as will allotv the pieces to be in direct contact with the meshes after tlie completion 
of the shaking of each increment. For coke 1 in. and larger in size the following 
square-mesh sieves are usually used; 4, 3, 2, 1.5, 1, and 0.5 in. For coke smaller than 
1 in. in size the square-mesh sieves usually used are: %, Vy, %, 14, 0.187, and 0.132 in. 
Each piece of coke retained on the 2-in. or larger sieve should be up-ended by hand 
on the sieve, to determine whether in any position it passes through the sieve. 
Coke pieces passing the 2-in. sieve should be shaken rather vigorously on each suc- 
ceeding sieve in order to up-end the pieces until practically no more coke will pass 
dirough the openings. The coke retained on each sieve and that ivhich passes the 
smallest sieve used should be weighed separately. In case the coke is wet, it should 
be dried before making the sieve analysis. However, any error due to moisture 
content would usually be very small and may be neglected except in the case of 
coke smaller than 1 in. in size, in which case the coke should be dried before making 
the sieve test. 

Report.— The sieve analysis of the coke should be reported in percentage to the 
nearest 0.1% as follows: 


Passing 

4-in. sieve 
3-in. sieve 
2-in. sieve 
1.5-in. sieve 


Retained on Per Cent 

4-in. sieve 

3-in. sieve 

2-in. sieve 

1.5-in. sieve 

1-in. sieve 


0.187-in. sieve 0.132-in. sieve 
0.132-in. sieve 


Total 


100.0 
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In case the sum of the percentages does not total 100.0, correction should be made 
on the quantity passing through die smallest sieve so that the total will be 100.0. 
However, if the sum of the weights retained on each sieve and that which passes the 
smallest sieve shows a loss of over 0.5%, die analysis should be rejected and another 
test made. 

In view of the difficulty of obtaining representative samples of coke with regard 
to the size of pieces, even when BOO-lb. samples are used for die sieve analysis, it is 
desirable to take several samples for sieve tests and average the figures for the 
several samples. 


CUBIC FOOT WEIGHT OF COKE 

This mediod of lest covers a procedure for determining the cubic foot weight 
of coke 5 in. and smaller, that is, coke wliicli would in any position pass through a 
5-in. square-mesh sieve. 

Measuring Box.— A box 24 by 24 by 24 in. in inside dimensions should be used. 
In order to keep it as light in weight as possible, die box. may be made of wood, 
but it must be rigid. Two strips of wood may be fastened to the sides of the box 
to form “sedan-chair" Jiandles for convenience in handling. 

Notc.— F or determining tiic cubic foot weight of coke smaller than 1 in. in size, a 
measuring box 12 by 12 by 12 in. In inside dimensions may be used. 

Sampling.^F or collecting samples of coke, the procedure described in the relevant 
sections of the Methods of Sampling Coals Classed According to Ash Content 
(ASTM Designation: D492, p. 1137) should apply in general. The weight of llie 
sample selected for the determination of die cubic foot weight depends upon the 
size and character of the coke and shall conform to the following: 

For run-of-oven coke and coke 1 in. up to 5 in. in size. . . . not less than 300 lb. 

For coke smaller than 1 in. in size not less than 50 lb. 

It is extremely difficult to obtain truly representative samples of coke having a 
range of sizes. When the coke is on a bell conveyor the sample should be selected 
by stopping die belt at regular intervals and selecting increments in sections about 
3 ft. in length and the entire width of the bell, or when the coke is going over a 
pulley or coming down a chute the sample should be selected by inserting a con- 
tainer or scoop into the stream of coke at regular intervals so as to take increments 
of the full width and diickness. The increments should be regularly and system- 
atically collected, so that the entire quantity of coke sampled will be represented 
proportionately in the sample, and widi such frequency that a sample of the re- 
quired amount should be collected. It is not feasible to collect representative 
samples of coke from loaded cars or bins for cubic foot weight determinations. 
Samples of coke in cars or bins should be taken as the cars or bins are being filled 
or emptied. 

Procedure.— The measuring box should be placed on a suitable platform scale, 
weighed empty, and then filled with coke from the sample while the box is on the 
scale in order to avoid handling the heav'y box of coke. The box should be filled 
by means of a shovel or other suitable container by allowing tlie coke to slide out 

iro Under the standardization procedure of the Society, this method is undei the juris- 
diction of the ASTM Committee D-5 on Coal and Coke. Standardized as ASTM 029---.^ 
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of the shovel or container from a height of 2 in. above tlie top of the bo.x, with 
no attempt to spread or arrange the coke. Because of the physical cliaracter of 
coke it is not practical to strike off the excess coke by means of a straight-edge, so 
it is necessary to do this largely by eye with the assistance of a straight-edge to 
check observations. The box should not be shaken, tapped, or dropped during 
filling or leveling off. The box filled with coke should then be weighed. The dif- 
ference between the two weights divided by the number of cubic feet in the box 
will give the weight per cubic foot of coke. 

jvtoTE.— For proper interpretation of the cubic foot weight of coke, a moisture deter- 
mination and a sieve analysis of the coke should be reported along with the cubic foot 
weiglu. For directions for making these determinations see the following methods: 

jl/ois/inr;.— Methods of Laboratory Sampling and Analysis of Coal and Coke (ASTM 
Designation: D271, p. 1145). 

Sieve Aiialysis.— Method of Test for Sieve Analysis of Coke (.4STM Designation: D293, 
p. 1272). 


TERMS RELATING TO COAL AND COKE 


Proximate Analysis.— In the case of coal and coke, the determination, by pre- 
scribed methods, of moisture, volatile matter, fixed carbon (by difference), and ash. 


Note.— Unless otherwise specified, the term “proximate analysis” does not include de- 
terminations of sulfur or phosphorus or any determinations other than those named. 

Ultimate Analysis.— In the case of coal and coke, the determination of carbon and 
hydrogen in the material, as found in tlie gaseous products of its complete com- 
bustion, the determination of sulfur, nitrogen, and ash in the material as a whole, 
and the estimation of oxygen by difference. 


Notes.— T he determination of phosphorus is not by definition a part of the idtimate 
analysis of coal or coke, but may be specified when desired. 

When the analysis is made on an undried sample, part of the hydrogen and oxygen as 
determined is present in the free moisture accompanying the coal. Therefore, in com- 
paring coals on the basis of their ultimate analysis, it is advisable always to state the 
analysis on both the “as-received" and “dry” bases. 

Inasmuch as some coals contain mineral carbonates, and practically all contain clay or 
shale containing combined water, a part of the carbon, hydrogen, and o.xygen found in 
the products of combustion may arise from these mineral components. 

Moisture.— Essentially water, quantitatively determined by definite prescribed 
methods which may vary according to the nature of the material. 


Notes.— S uch methods may not determine all of the water present. 

In the case of coal and coke the methods employed shall be those prescribed in the 
Methods of Laboratory Sampling and .Analysis of Coal and Coke (ASTM Designation: 
D271, p. 1150). ' 


Asli.— Inorganic residue remaining after ignition of combustible substances, deter- 
mined by definite prescribed methods. 


Notes.— .Ash may not be identical, in composition or quantity, with the inorganic sub- 
stances present in the material before ignition. 

In the c:ise of coal and coke, the methods employed shall be those prescribed in the 
Laboratory Sampling and .Analysis of Coal and Coke (ASTM Desi'matiou- 
D2/l,p. Il5ly 


til Under the standardization procedure of the Society, these definitions are under the 
Dm 30*°'* AS'FM Committee D-S on Coal and Coke. Standardized as ASTM 
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Volatile Matter.— Those products, exclusive of moisture, given off by a material 
as gas or vapor, determined by definite prescribed methods ■which may vary accord- 
ing to the nature of the material. 

NoTi.— In the case of coal and coke, the methods* employed shall be those prescribed In 
the Methods of Laboratory Sampling and Analysis of Coal and Coke (ASTM Designation; 
D271,p. 1152). 

Fixed Carbon.— In the case of coal, coke, and bituminous materials, the solid 
residue other than ash, obtained by destructive distillation, determined by definite 
prescribed methods. 

Notes.— I t is made up principally of carbon, but may contain appreciable amoums of 
suhin, hyihogen, niiiogcn, and oxygen. 

In [l)c case of coal and coke, the methods employed shall be those prescribed in tlie 
Methods of Labotntoiy 5anipling and Analysis of Co.il and Coke (ASTM Designation: 
D271.p. 1155J. 

Beehive Coke.— Coke manufactured in beehive, rectangular, or similar forms of 
ovens in a horizontal bed, where heat for the coking process is secured by combus- 
tion within Uie oven chamber. 

By-Product Coke.— Coke manufactured with attendant recovery of by-products, 
in o\ens that are heated externally. 

Coke Breeze.— The fine screenings from crushed coke or from coke as taken from 
the ovens, of a size varied in local practice but usually passing a ’/i-in. or %-in, 
screen opening. 

Dry Coke.— A laboratory term applied to coke which has been dried to constant 
weight in accordance with defitiiie prescribed methods. 

Note.— T he methods employed shall be those for the deteimination of moisime pre- 
scribed in the Methods of Laboratory Sampling and Analysis of Coal and Coke (ASTM 
Designation: D271, p. U50). In the case of lump coke, the temperatuie shall be not less 
than 104®C., noi imire tiian 200*C.: in the case ol coke passing a 250-niicron (No. CO) sieve, 
die teiuperatuie shall be not less timn lO^^C. nor more than 110*C. for a peiiod of 1 hr. 

Equilibrium Moisture of Coal.*^2_'phe moisture content retained at equilibrium 
in an atmosphere over a saturated solution of potassium sulfate at 30®C., and 9G 
to 97% relative humidity. When the sample, before such equilibration, contains 
total moisture at or above the equilibrium moisture, tire equilibrium moisture may 
be considered as equivalent to iti/jcrejji or bed moisture; and any excess may be 
considered as extraneous moisture. 

Gross Calorific Value (Gross Heat of Combustion), the case of solid 

fuels and liquid fuels of low volatility, the heat produced by combustion of nnit 
({uantity, at constant volume, in an oxygen bomb calorimeter under specified 
conditions. 


NtiTF.— The conditions are initial oxygen pressure of 20 to 40 atmospheres, fin.nl tein- 
(20® to 35"C.), pnalurts in foun of ash, liquid water, and gaseous 
(_ 0 ^, aOa, and nitrogen. This definition is not applied to gaseous or highly volatile liquid 


This leniaiive revision" of this standard has been accepted by the Society for the 
purpose of eliciting criticisms of which due cognizance will be taken befoie tJie revision is 
incorpoiation in the standard. Criticisms should be addressed to the Society, 
lyiC Rate St.. Philadelphia 3, Pa. 

• the standardization proceduie of the Society, these definitions arc under the 

il'In- ^ AST.M Conmiittee D-5 on Coal and Coke. Standaidized as ASTM 

ni0/-44. 



COAL AND COKE 1277 

Net Calorific Value (Net Heat of Combustion), Hj.ns-in the case of solid fuels 
and liquid fuels of low volatility, a lower value calculated from the gross calorific 
value as die heat produced by combustion of unit quantity, at constant atmos- 
pheric pressure, under conditions, such that all water in the products remains in 
the form of vapor. 

Note.— The net calorific value (net heat of combustion) is calculated from the gross 
calorific value (gross heat of combustion) at 68°F. (20°C.) by making a deduction of 1030 
Btu. per lb. (572 cal. per g.) of water derived from unit quantity of fuel, including both 
the w^ter originally present as moisture and that formed by combustion. The deduction 
is not equal to the latent heat of vaporization of water (1055 Btu. per lb. at 68°F. (20°C.)) 
because the calculation is made to reduce from gross value at constant volume to net value 
at constant pressure, for which the appropriate factor under these conditions is 1030 Btu. 
per lb. 

Common Banded Coal.n*— The common variety of bituminous and subbitumi- 
nous coal. It consists of a sequence of irregularly alternating layers or lenses of 
(i) homogeneous black material having a brilliant vitreous luster, (2) grayish-black, 
less brilliant, striated material usually of silky luster, and (5) generally thinner bands 
or lenses of soft, powdery, and fibrous particles of mineral charcoal. The difference 
in luster of the bands is greater in bituminous than in subbituminous coal. 

Splint Coal.ii-*— A variety of bituminous or subbituminous coal, commonly having 
a dull luster and grayish-black color, of compact structure, often containing a few 
thin irregular bands with vitreous luster. When struck, it is resonant. It is hard 
and tough and breaks with an irregular, rough, sometimes splintery fracture. It is 
free burning and does not swell on heating. 

Cannel Coal.^i'‘— A variety of bituminous or subbituminous coal of uniform and 
compact fine-grained texture with a general absence of banded structure. It is 
dark gray to black in color, has a greasy luster, and is noticeably of conchoidal or 
shell-like fracture. It is noncaking, yields a high percentage of volatile matter, 
ignites easily, and burns with a luminous, smoky flame. 

Boghead Coal.^i^— A variety of bituminous or subbituminous coal resembling 
cannel coal in appearance and behavior during combustion. It is characterized by 
a high percentage of algal remains and volatile matter. Upon distillation it gives 
exceptionally high yields of tar and oil. 


SIEVES FOR TESTING PURPOSES 

Scope.— These specifications cover wire cloth sieves, round-hole plate screens 
(sieves), and square-hole plate screens (sieves) for precision testing in the classifi- 
cation of materials according to size (mechanical analysis, fineness, and particle size 
determinations). The sieves covered by these specifications are intended for gen- 
eral precision testing (see Note, p. 1278). A method of calibrating wire cloth sieves 
is included as information in the Appendix, 1961 Book of ASTM Standards, Part 8 
pages 1818-1823. 

114 Under the standardization procedure of the Society, these definitions are under the 
jiirisdiction of the ASTM Committee D-5 on Coal and Coke. Standardized as ASTM 
D‘l93-39. 

115 Under the standardization procedure of the Society, these specifications are under the 

En ASTM Committee E-1 on Methods of Testing. Adopted as ASTM 



Table 31-10. Nominal Dimensions, Permissible Variations, and 
Limits for Wire Cloth of Standard Sieves 
[U. S. Standard Series (4th Root of 2 Ratio)] 


Sieve Designation 


Standard 


Alternate 


Sieve Opening 


in. (ap- 
proxi- 
mate 
equiv- 


Permissible 
Variations 
in Average 
Opening, 
per cent 


Permissible 
Variation 
for not 
more than 5 
per cent of 
Openings, 
per cent 


Permissible 
Maximum 
Variation in 
Individual 
Openings, 
per cent 


Nominal Wire 
Diameter 


mm. 


in. (ap- 
proxi- 
mate 
equiv- 


alents) 


alents) 


( 1 ) 


( 2 ) 


(3) 


(4) 


(5) 


( 6 ) 


(7) 


( 8 ) 


(9) 


107.6 mm, 

101.6 mm. 
90.S mm.. 
76.1 mm.. 
64.0 mm.. 

53.8 mm.. 

50.8 mm.. 


4.24 in. 

107.6 

4 in.* 

101.6 

3 Vi in. 

90.5 

3 in. 

76.1 

2 1/2 in. 

64.0 

2.12 in. 

53.8 

2 in.* 

50.8 


4.24 

4.00 

3.50 

3.00 

2.50 

2.12 

2.00 


±3 

±3 

±3 

±3 

±3 

±3 

±3 


-f4 

+4 

+4 

+4 

-f-4 

H-4 

-1-4 


+S 

+5 

+S 

+5 

4-5 

4-5 

4-5 


6.40 

6.30 

6.08 

5.80 

5.50 

5.15 

5.05 


0.2520 

0.2480 

0.2394 

0.2283 

0.2165 

0.2028 

0.1988 


45.3 mm. 
38.1 mm. 
32.0 ram. 
26.9 mm, 

25.4 mm. 


1% in. 
1 Vi in. 
1 V4 in. 
1.06 in. 
1 in.» 


45.3 
38.1 
32.0 
26.9 

25.4 


1.75 

1.50 

1.25 

1.06 

1.00 


±3 

±3 

±3 

±3 

±3 


-f4 

4-4 

4-4 

4-5 

4-5 


4-5 

4-5 

4-5 

4-6 

4-6 


4.85 

4.59 

4.23 

3.90 

3.80 


0.1909 

0.1807 

0.1665 

0.1535 

0.1496 


22.6 

mm.*. . . . 

Vi in. 

19.0 

mm 

34 in. 

16.0 

mm.*.. . . 

% in. 

13.5 

mm 

0.530 in. 

12.7 

ram 

1/2 in.* 


22.6 

19.0 

16.0 
13.5 
12.7 


0.875 

0.750 

0.625 

0.530 

0.500 


±3 

±3 

±3 

±3 

±3 


4-5 

4-5 

4-5 

4-5 

4-5 


4-6 

4-6 

4-6 

4-6 

4-6 


3.50 

3.30 

3.00 

2.75 

2.67 


0.1378 

0.1299 

0.1181 

0.1083 

0.1051 


11.2 

mm.*.. . . 

Mo in. 

9.51 

mm 

% in. 

8.00 

mm.*. . . . 

5is in. 

6.73 

mm 

.265 in. 

6.35 

mm 

Vi in.* 


11.2 

9.51 

8.00 

6.73 

6.35 


0.438 

0.375 

0.312 

0.265 

0.250 


±3 

±3 

±3 

±3 

±3 


4-5 

4-5 

-|-5 

4-5 

4-5 


4-6 

4-6 

4-6 

4-6 

4-6 


2.45 

2.27 

2.07 

1.87 

1.82 


5.66 mm.*. . . . 

4.76 mm 

4.00 mm.*. . . . 
3.36 mm 


No. 3 Vi 
No. 4 
No. 5 
No. 6 


5.66 

4.76 

4.00 

3.36 


0.223 

0.187 

0.157 

0.132 


±3 

±3 

±3 

±3 


4-5 

4-5 

4-5 

4-5 


4-10 

4-10 

4-10 

4-10 


1.68 

1.54 

1.37 

1.23 


2.83 mm.*. . . . 

2.38 mm 

2.00 mm.*. . . . 
1.68 mm 


No. 7 
No. 8 
No. 10 
No. 12 


2.83 

2.38 

2.00 

1.68 


0.111 

0.0937 

0.0787 

0.0661 


±3 

±3 

±3 

±3 


4-5 

4-5 

-f5 

4-5 


4-10 

4-10 

4-10 

4-10 


1.10 

1.00 

0.900 

0.810 


1.41 mm.* 

1.19 mm 

1.00 mm.*.. . . 
841 M 


No. 14 
No. 16 
No. 18 
No. 20 


1.41 

1.19 

1.00 

0.841 


0.0555 

0.0469 

0.0394 

0.0331 


707 ti *. 


No. 


595 n 

500 * 

420 M 


No. 

No. 

No. 


25 

30 

35 

40 


0.707 

0.595 

0.500 

0.420 


0.0278 

0.0234 

0.0197 

0.0165 


±3 

±3 

±5 

±5 


-f5 

4-5 

4 - 71/2 

4-71/2 


4-10 

4-10 

4-15 

4-15 


0.725 

0.650 

0.580 

0.510 


±5 

4-71/2 

±5 

4-71/2 

±5 

4-71/2 

±5 

4-1214 


4-15 

4-15 

4-15 

4-25 


0.450 

0.390 

0.340 

0.290 


0.0965 

0.0894 

0.0815 

0.0736 

0.0717 

0.0661 

0.0606 

0.0539 

0.0484 

0.0430 

0.0394 

0.0354 

0.0319 

0.0285 

0.0256 

0.0228 

0.0201 

0.0177 

0.0154 

0.0134 

0.0114 
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Note.— Some industries may possibly xequiie more rcstiictcd specifications £or sieves foi 
special testing purposes. 

Aiieniion is called to the Method o£ Test for Fineness of Hydraulic Cement by 
the No. 325 Sieve (ASTM Designation C430), whicli contains requirements for 
2-in. diameter sieves used in the mineral industry, especially the cement group, 
and to the Specification for Precision Aficromesh Sieves (ASTM Designation EIQl), 
which covers square-hole, clectrofonned micromesh sieves used mainly as primary 
reference standards. 

Wire Cloth Sieves. Sieve Cloth. Fixed Ratio Scries.— The openings of the sieve 
cloth of successive sieves of the standard series progress in the ratio '^2Tl, and in 
selecting sieves from this series, it is customary to take each sieve in a given range, 
every alternate sieve, or every fourth sieve. 

Wire cloth for standard sieves should be woven from brass, bron/e, or other 
suitable wire, should not be coated or plated, and should be plain weave, except 
that the cloth for sieves lor 63 a (No. 230) and finer may be twilled weave. 

The average opening between the adjacent warp and the adjacent shoot wires, 
taken separately, should conform to that given in column 3 of Table 31-10, within 
the "permissible variation in average opening" given in column 5. Column 4 'gives 
the apj)roximate equivalents in inches of the basic values in millimeters given in 
column 3. The average diameter of die warp and of the shoot wires, taken sepa- 
rately, of the cloth of any sieve should be that given in column 8 of Table 3M0, 
within the permissible variations given in footnote l> of Table 31-10, Column 9 
gives the approximate equivalents in inches of the basic values in millimeters given 
in column 8. The maximum widdi of individual openings between adjacent warp 
and shoot wires should not exceed the nominal widtli of opening by more than the 
"permissible maximum variation in individual openings" given in column 7 of 
Table 31-10. An exception may be made, in the case of 8-in. sieves, if the total 
length of all the portions of rows of openings exceeding this maximum width is 
less than 4 in. in both the warp and the shoot directions, considered separately, 
and provided that the sieve is not rejected because of excessive variations in diam- 
eter in either warp or shoot wires, or punctures or defects. Tlic permissible varia- 
tion for not more than 5% of the openings is given in column 6 of Table 31-10- 

Both the warp and shoot wires should be crimped in such a manner that they will 
be rigid when in use. 

There should be no punctures or other obvious defects in die cloth. 

Note.— Uniil further notice, to permit use of sieves made to the alternate inch openings, 
a permissible variation in aierage opening of *4% isiU be allowed for sieves from 26.9 
mm. (1.6 in.) to 6.35 mm. (14 in.), inclusive. 

Standard 8-in. Sieve Frames. Sieve Frames.— Frames for all sieves with openings 
4.00 mm. or less should be the standard 8-in. size, except for die 3-in. sieves de- 
scribed below. Frames for sieves having nominal openings of less than 25.4 mm- 
(1 in.) but greater than 4.00 mm. may have frames either of the standard 8-in. size 
or of larger dimensions as may be specified in individual cases. Frames for sieves 
having nominal openings of 35.4 nun. (1 in.) or more should be larger than the 
8-in. standard. 

Specifications for S-in, Standard Frames . — Frames for all sieves with openings 
5.C6 mm. or less sliould be the standard 8-in. size, except that frames 3 in- 
ameter may be used in the case of sieves 149 a (No. 100) and finer, used primarily 
in the testing of paint pigments. The standard frames should be circular. 8 m. 



Table 31-10. Nominal Dimensions, Permissible Variations, and 
Limits for Wire Cloth of Standard Sieves 
[U. S. Standard Series (4th Root of 2 Ratio)] 


Sieve Designation 

Sieve Opening 

Permissible 

Standard 

Alternate 

mm. 

in. (ap- 
pro.xi- 
mate 
equiv- 
alents) 

Variations 
in Average 
Opem'ng, 
per cent 

(1) 

(2) 

(3) 

(4) 

(5) 

107.6 mm 

4.24 in. 

107.6 

4.24 

±3 

101.6 mm 

4 in.* 

101.6 

4.00 

±3 

90.5 mm 

3 V 2 in. 

90.5 

3.50 

±3 

76.1 mm 

3 in. 

76.1 

3.00 

±3 

64.0 mm 

2 1/2 in. 

64.0 

2.50 

±3 

53.8 mm 

2.12 in. 

53.8 

2.12 

±3 

50.8 mm 

2 in.* 

50.8 

2.00 

±3 

45.3 mm 

1 34 in. 

45.3 

1.75 

±3 

38.1 mm 

1 1/2 in. 

38.1 

1.50 

zfc3 

32.0 mm 

1 Vi in. 

32.0 

1.25 

±3 

26.9 mm 

1.06 in. 

26.9 

1.06 

±3 

25.4 mm 

1 in.* 

25.4 

1.00 

±3 

22.6 mm.*. . . . 

Vs in. 

22.6 

0.875 

±3 

19.0 mm 

Vi in. 

19.0 

0.750 

±3 

16.0 mm.*. . . . 

Vs in. 

16.0 

0.625 

±3 

13.5 mm 

0.530 in. 

13.5 

0.530 

d=3 

12.7 mm 

Vi in.* 

12.7 

0.500 

±3 

11.2 mm.*.. . . 

in. 

11.2 

0.438 

±3 

9.51 mm 

Vs in. 

9.51 

0.375 

±3 

8.00 mm.*. . . . 

5io in. 

8.00 

0.312 

±3 

6.73 mm 

.265 in. 

6.73 

0.265 

±3 

6.35 mm 

Vi in.* 

6.35 

0.250 

±3 

5.66 mm.*. . . . 

No. 31/2 

5.66 

0.223 

±3 

4.76 mm 

No. 4 

4.76 

0.187 

±3 

4.00 mm.*. . . . 

No. 5 

4.00 

0.157 


3.36 mm 

No. 6 

3.36 

0.132 

±3 

2.83 mm.*. . . . 

No. 7 

2.83 

0.111 

±3 

2.38 mm. 

No. 8 

2.38 

0.0937 

±3 

2.00 mm.*. . . . 

No. 10 

2.00 

0.0787 

±3 

1.68 mm 

No. 12 

1.68 

0.0661 

±3 

1.41 mm.*. 

No. 14 

1.41 

0.0555 

±3 

1.19 mm 

No. 16 

1.19 

0.0469 

dz3 

1.00 mm.*. . . . 

No. 18 

1.00 

0.0394 

±5 

841 p 

No. 20 

0.841 

0.0331 

±5 

707 p ♦ 

No. 25 

0.707 

0.0278 

±5 

595 fi. 

No. 30 

0.595 

0.0234 

d“5 

500 ♦ 

No. 35 

0.500 

0.0197 

±5 

420 li 

No. 40 

0.420 

0.0165 

±5 
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Permissible 
Variation 
for not 
more than 5 
per cent of 
Openings, 
per cent 

Permissible 
Maximum 
Variation in 
Individual 
Openings, 
per cent 

Nominal Wire 
Diameter I* 

mm. 

in. (ap- 
proxi- 
mate 
equiv- 
alents) 

(6) 

(7) 

(8) 

(9) 

+4 

+5 

6.40 

0.2520 

+4 

+s 

6.30 

0.2480 

+4 

+5 

6.08 

0.2394 

+4 

+5 

5.80 

0.2283 

+4 

+5 

5.50 

0.2165 

+4 

+5 

5.15 

0.2028 

+4 

+5 

5.05 

0.1988 

+4 

+5 

4.85 

0.1909 

+4 

+5 

4.59 

0.1807 

+4 

4*5 

4.23 

0.1665 

4-S 

+6 

3.90 

0.1535 

+5 

+6 

3.80 

0.1496 

+5 

-f6 

3.50 

0.1378 

+5 

+ 6 

3.30 

0.1299 

+5 

+6 

3.00 

0.1181 

+5 

+ 6 

2.75 

0.1083 

+5 

+6 

2.67 

0.1051 

+5 

+ 6 

2.45 

0.0965 

+5 

+6 

2.27 

0.0894 

+5 

+6 

2.07 

0.0815 

+5 

+6 

1.87 

0.0736 

+5 

+6 

1.82 

0.0717 

+5 

+ 10 

1.68 

0.0661 

+5 

+ 10 

1.54 

0.0606 

+5 

+ 10 

1.37 

0.0539 

+5 

+ 10 

1.23 

0.0484 

+5 

+ 10 

1.10 

0.0430 

+5 

+ 10 

1.00 

0.0394 

+5 

-flO 

0.900 

0.0354 

+5 

-MO 

0.810 

0.0319 

+5 

-MO 

0.725 

0.0285 

+5 

-MO 

0.650 

0.0256 

+7 Vi 

+ 15 

0.580 

0.0228 

+ 7 Vi 

+ 15 

0.510 

0.0201 

+7 Vi 

+ 15 

0.450 

0.0177 

+7 Vi 

+ 15 

0.390 

0.0154 

+7 Vi 

+ 15 

0.340 

0.0134 

+ 12 

+25 

0.290 

0.0114 
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Table 31-10. (jContinued) 


Sieve Designation 


44 ^* 

37*1 


No. 45 
No. 50 
No. 60 
No. 70 

No 80 
No. 100 
No. 120 
No 140 

No. 170 
No 200 
No 230 
No 270 

No 325 
No 400 


0.354 
0.297 
0 250 
0 210 

0.177 
0.149 
0.125 
0 105 

0 088 
0 074 
0.063 
0 053 

0 044 
0 037 


in. (ap- 
proxi* 
mate 
equiv- 
alents) 


Opemng, 
per cent 


0.0139 
0.0117 
0 0098 
0.0083 

0 0070 
0 0059 
0 0049 
0 0041 

0 0035 
0.0029 
0.0025 
0.0021 

0.0017 

00015 


Permissible 
: Variation 

for not 
more than 5 
per cent of 
Openings, 
per cent 

Permissible 
Maximum 
Variation in 
Individual 
Opemnss. 
per cent 

Nominal V\’ire 
Diameter ^ 

mm. 

in. (ap. 
proa- 
male) 
cquiv- 
alcnls) 

(6) 

(7) 

(8) 

(9) 

+121/2 

+25 

0.247 


+ 12«/2 

+25 

0215 


+12 H 

+25 

0.180 


+ 12',^ 

+25 

0.IS2 

0 0060 

+20 

+40 

0131 


+20 

+40 

o.no 

0 0013 

+20 

+40 

0 091 

0 0036 

+20 

+40 

0 076 

0 0030 

+20 

+40 

0 064 

0.0025 

+30 

+60 

0 053 

00021 

+30 

+60 

0.044 

0 0017 

+30 

+60 

0 037 

0.0015 

+30 

+60 

0 030 

0.0012 

+30 

+60 

0 025 

0.0010 


wherever possible these sieves be indud^ in^U^" SUndard. It is recommended tlial 

pubhi^tion data or reports intended for international 

owfie, ^ Senes, but they liave been included because they are in common 

deviate from the nominal values by^we^n^lhcMi**™^' separately, of the doth of any sieve shall not 
Sieves coarser than 595 m eev 

Sieves 595*. to 125*. .... 

,, Sieves finer than 1 25*. 

Nora.-Al. measurements of opening and wire diameters s Jr 

cloth should he cidKr abom'^ m “P '*■>= frame to the 
of 2 in. (5 cm.) sliould he ^ i"'® having a height 

;>f f in. (2.5 ait.) as half.hcig|^™‘cc![. “ sieves; tliose having a height 

inside diameter y,„ in helmv .he , ; pennissible variation on the mean 

of the sieve or "sieve skirl" slmnl lT +''^- 

in any sieve conforrainc to tl.e ^ ™ totislructed as to Iiave an easy sliding fit 

this outside diameter L less titan'? variations, and in no case should 
covers should be so made i tn 

Mounling of Cloth in 1-ram^ Ti ‘"‘“diangcahle with standard sieves. 

• ilie cloih sliould be mourned on die fnune with- 
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out distortion, looseness, or waviness. To prevent the material being sieved from 
catching in the joint between the cloth and the frame, the joint should be smoothly 
filled widi solder or so made that the material will not catch. The joint or fillet 
should be so constructed in the 8-in. diameter sieve as to allow a minimum free 
sieving surface 7^4 in. in diameter. 

Tluee-Inch Sieves.— Sieves 3 in. in diameter, used for testing paint pigments, 
should be made from standard wire cloth 149 ti. (No. 100) or finer. The sieve frames 
should be circular, about 3 in. (7.6 cm.) in inside diameter, and should not vary 
from this by more than ±0.16 in. (0.4 cm.). The depth of the sieve from the top 
of the frame to the cloth should be not less than 0.75 in. (1.9 cm.). 

The frames should be constructed of first quality sheet brass in such a manner 
as to be permanently rigid. To prevent the material being sieved from catching 
in the joint benveen the cloth and the frame, the joint shoidd be smoothly filled 
with solder or so made that the material will not catch. 

Miscellaneous Special Sieves— The use of special size frames for special purposes 
is not precluded, as, for example, sieves having a diameter other than 8 in. or the 
nesting sieves for field use. The use of special size frames should be discouraged 
where the standard 8-in. frames could be used, because the results are not neces- 
sarily comparable. 

For some purposes, sieve frames larger than the standard 8-in. diameter may be 
either square or rectangular instead of circular, and for nominal openings 25.4 mm. 
(1 in.) and coarser, may be made of metal or hardwood. 

Label Marking.— Each sieve (except tire 3-in. sieve) should bear a label marked 
widi the following information: For sieves 1.00 mm. and coarser, show the sieve 
designation in millimeters and inches. For sieves finer than 1.00 mm., show the 
sieve designation in microns and inches. The corresponding U. S. Standard Sieve 
Number may be added for the convenience of the user. 

Round-Hole Plate Screens (Sieves). Plates.— Plates used in the manufacture of 
round-hole screens should be made of brass, bronze, steel, or other rigid material. 
Thickness of plates shoidd be governed by size of openings as well as screening area 
of screens and should conform to the requirements prescribed in Table 31-11. 


Table 31-11. — Thickness of Plates for Round-Hole Screens 


Screening 
Area, sq. in. 

Diameter of 
Opening, 
in. 

Thickness of Plate, in. 

Minimum 

Maximum 

Under 100 

All sizes. . . . 

0.049 

0.066 

100 and over 

TB- and . . 

0.049 

0.066 


h to 2^, inch 

0.060 

0.100 


3 and 3^ . , . 

0.075 

0.130 


4 and 5 ... . 

0.105 

0.160 


6 and 8 . . , . 

0.120 

0.175 



